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

to ensure ZeYTHENEANHIEHROD ForeNEIEtEFINCAAdERr 10

components, for example semiconductor wafers and dies, is increasingly

crucial in the semiconductor industry. Semiconductor wafer fabrication
Fiteglyriesfisre been consistently improved to incorporate an increasing

number of features into a smaller surface area of the semiconductor wafer.

ThecisraMgRy tRABHStaIth SGRAFHIY f SeadeisingBed fst REFFEDIYGEtPRATLILY
théabieadipniRasnieRORRINOIR Saphisticataddosalm thed Snikai@oratianPkcting
increasing features to the smaller surface area of the semiconductor wafer
seis oRAITEN FOIMSRAEe of the semiconductor wafer). Consequently, sizes of
potential defects on semiconductor wafers are typically in the micron to
submicron range. Itis evident that manufacturers of semiconductor wafers
Euk creasingly pressing 20 need to improve semiconductor wafer

TIUaBYiseNEokand dnspeetontBraeURS j0-8RsUsE maaiTsistesdy Rigionductor
quality of manufactured semiconductor wafers, Semiconductor wafers are.

COIBRRI I Y CYBAIRYT SERUEARGUSIE YRS Ash diScrs JOBrassty SrstikdRehe

sepaciadlaies, impersctimisaidondlatianswater otheritieigularditsifreh Befecteen
could affect eventual performance of the semiconductor v?fers. Therefore, ih
CORSHHY tH@%‘fﬁﬁt@oﬁn“é’épé’%ﬁSci‘laé%E‘?ﬂ?&“&e%@gﬁﬂd’ét PRRERSr SR fhgmatier

sulftecenanrufactiie dbaicoidihioredaye beesrathsdnces ipHREMICREAHIY processes
inspection systems and processes. For example, higher resolution imaging
usgy e AR FS, ARG B RES RO SORARKSH RO Y the
inSygiermsonave hrengiapmigsiesad. incagdiitn, semieonaidctadr wafemddonductor
%Ilgé)%?tio systems, methods ?.n technjques have hist ric(zlléﬁutilize at least
W \i

C oA IRHTIRARES MRS R AR &Y st SRRy: Sizes of

porakiniqledisst? on semiconductor wafers are typically in the micron to submicron range.

It is evident that manufacturers of semiconductor wafers have an increasingly pressing
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

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
inspection systems, methods and techniques have historically utilized at least one of

brightfield illumination, darkfield illumination and spatial filtering techniques.
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With brightfield 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 enérgy to the image capture device.
When the particle is small in comparison with the optical point spread

whdn G @Rl eRagh dighaliz Tﬂﬁtﬂil@' onrigbthietd @narayor Warsrthaimmediaitvay
e

areas surrounding the particle generally contribute a large amount of energy

fromativel s tng partidks, oherelysraking TR parfeid drhvdRsy ipsdea figduction of
reBERHIOMCERE NEfSMRlksedipttirndevane mhavento shrisadl fasticla s#8psrison

often masked by reflectivity variations from the immediate areas around the

Wit RS ORISR B s tItTY i IALPBackE boeuUTFetigds! bingisuxabiBErbEstdiGRerey

froi ONelaamE ihe.shR W RbENAMENR, kX REMICANAUGTOH IRSPECIP hEXSIRMENt of
have been equi%[?fed with high-end cameras with larger . resolutions, which

eneaphireaiaged o Railer Lareteeabing Sramardisinicdhigtti driser, In addition,

thélQugvendrightiield imagesgsnansi havesmbetipipixelseanitastenchiiigda by
advantageous for estimating size of defects and when inspecting dark

reHefiy Y8 SHANRCIEPMURARORLHE RECAtEHAG dacaPaTHEletilgPY resulting in

in¥yedsknawouifdhe arsf Daddidicinagisgibas Deean erpiay esbWity se\@i@lomena,
existing semiconductor wafer jnspection systeﬁ;ﬂs.,Darkfield imaging typiﬁally

SCHUBUHHSIOR TBSHHOR SYSIHMANEHP e SBREPRILRIER DL ARISKIRETTS WEh latger

redosiResiedwiica lwranglemigs herizantal planeohthe ofjawt tenfieoinarestadafer.
(for example 3 to 30 degrees), darkfield imaging typically produces a dark 20 .
HN S o R IO cAMBRSS WAEIE Yo taY Suth ghrﬂésf)paﬂ%{ﬂﬁte%?g this s

advapedestions antmethersiregniitas exisiidmairjudaidisaiotidrddield
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

D#aafizaniauplane ¢ionekad pi 30dge Sardegiees)ycaskfiRit wnagitie: typiCalkficld
. roduc&;ﬁbgtter cont astgna? S corr%)jred to brightfield i(ma es. A particular,
PS8 B SOERMIGHPARGTE dAItiSTd gy BARariCRY CatrLd: Jrattdpapection
syWtagylaDgiegion anmgiiar fipjstally tdspepdse oholbiecinpicadditidnethighanghs are
._darkfield imagin enE)ances imaging of tilted ob'ec%s. Light ?ﬁf{?ctivi ofoégle
gL B O SSFS B b L i ABalR e BBt o e o
beotqpiaedwiiir eachpleld i gh e ik grdladkfelid linagipmheBoficaligreradacsiacidark
infis CXeopt At Tocaons e aemigendugton weler affect e gk reflectiitofs 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
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.

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

structures present on the semiconductor wafer affect the light reflectivity of the
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3 semiconductor wafer. Generally, amount of light reflected by the
semiconductor wafer is a function of the direction or angle of incident light,
the viewing direction and the light refléctivity of the surface of the
semiconductor wafer. The light reflectivity is in turn dependent on

sehwelendgth hie neidentyiahhend orateral GRVRAMARIIRR A ductor wafer is

semiconductor wafer. It is generally difficult to control the light reflectivity of

(iEaErs sYedeeifeal BFifRaPdisin hrmydaying difrigneand the light
reS8ONCRN BT Wataednatythensisi friesAMayasTafe materishideachyaxemofurn

material may transmit different wavelengths of light differently, 10 for example
depepitatent speRainB hdehtidhe 1AYRAShalighiyvairEIIAT AGHEOBBRNELBiiRESthe
selieRmEasiechmty. Accordingly, it will be 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.

1t Negadanyenaeatlt mocificaioneai ghersMaew el sagtboat iatiowabas Rkented

wavelengths requires use of 15 multiple spatial filters or wavelength tuners,

fop, e N g d ALY AT SRS i SRR e SR OTave i Ry 6B e R dkse of
mieHsE aipadhand Hhdminatiaay(k@nitdmnatesmol avideiiangeigtht differently,
Wavelen?ths), for example broadband illumination of a rang%%)f wavelengths
fope faBRS 08T YdctO0BRTRIS 0 Brod LA illf¥iRatBRYs ffporditesnt light
peacRigiing:Righ aualiyricagrs. ascasdiagigrit handingppatarstwitharwidekilled in
range of surface reflectivities. In addition, defect detection capabilities of
th, 3 rhﬁfsﬁbecﬂ%gfesy 5 \ﬂmfﬂ@ﬂa?augfbae PRHENEREIPeLe b AmaripNS band of
waeneiakio nypnalies, Jovexamplecuse phliethobrightiield andedarkiiedd for frequent
illuminations, Existing wafer systems in the market do not utilize illumjnations
it RATBID S TS M DR a T o PBHAA R o AR Goe of
makiplabipatialefiirspaation syisigns ametiiviRmtscirpigaiyrase onofdhent. To
following methods for. achieve multiple responses during wafer inspection: (1
Al B RGP DEVIEEET R Wot B AR b AL R AR oy 36 ation
ofMIGEduses gepidralitydénmage tapteambyibasabeha pluialityth of a range of
illuminations. The MCID is on the principle of segmenting the
RS P RS e

a

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.
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:

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

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
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4 bands, and allocating each segmented wavelength spectrum to individual
illuminations. During design of systems employing the MICD method, each
image capture device is paired with a Corresponding illumination (i.e.
illumination source), together with corresponding optical accessories such as

baadakal Alfs¢0ma SRaciabhrortadetmnatBRilRine XAV AV@ISRGH s,

of the brightfield Is limited between 400 to 600nm using mercury arc lamp .

Dugipestietian iferyatanthenrinriar 18aiMied daahach 50 tnagsorh iy vice is

padire@rswiltheaMIGR $psianad: exparianeRs disadvaniagrsiolor xacepledyensr with
image quality and design inflexibility. Inferior image quality is due to varyin%
cam

cogthTRRRIiAg SBHAe ASFIRepet it ivafe s SERbIAEE with dntperdallys coafed

spiieRinEsioBgaMite N EQW cH3 thyfelRO BASh IS RION INARKEI Ve $0062690nm
the modification of the wavele,n(‘;th of a single illumination typically requires

USIRBIRAERYABH R At Uil cEltsers dhthdatkarid i atitrsh sratesh. 6RO to
70Raeitiedin hia YHC Phaathhot tri¢aly Stpes dirtalipy Gaptuses, ofoH dRaimalioNFerior
. with varying wavelengths by a single image capture device without

imagen gHRIHY AbdifysEEaplGR iyadrierios ipyvemaelitidgsies fuvaryngsurface
re i Mdpde HupainadionstéslCambhr S mrthed usesumsHagiehinage narrow

capture device for capturing multiple illuminations, either with segmented
WWSW%W@tI%e&gBrﬁﬁ%%B 89%%%B?H§Pﬁéafewf?lﬁ‘cfglﬁﬁt°&§§ilﬂ%Vf%eE}E‘tBiﬂfa

sifgldtipleniihaaaiatiop ¢eisp ogeses Fusbangatsiywbilenhemiaées pitis Ketup of the
otion. In other words, thpe SICD methaod only allows ,onﬁ illumination

WA LB AR IR SHYRB WA AT A BE I T8 BHhesethRisape dRGRRgLATRY capture
offéspansemiheiiClarmethadveguies injagestaptuiesyhigptos: wrfgedswithout

stationary, which affects throu héout of the wafer inspection system. 25
COBEMTEon AL afg‘r%ﬁ’tﬁ{g égﬁ’gﬁ systems employing simultaneous,

indep_enden_t, on-the- fly imgge capture l_Jsing broadpand bri_ghtfi_eld and
LS e SR SR RE S IR T R ook of
ThndsIs@Ndisthes tasastual implementatioapadopesaiteg Advaaiagesg multiple
1 o ek With SeEmented Wavelenbihs or broadband wavelengths Hotvever, 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

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
a relative lack of understanding as to actual implementation and operating advantages
thereof. Existing semiconductor wafer inspection systems are employing either MICD or
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
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30 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 5 equipments usiné SICD experiences diminished system

throughput and incapable of obtaining on-the-fly simultaneous multiple
eqﬁﬂiﬂﬂﬂ@ﬁ&i%ﬁ%I@I@?%@Er@f@@%plﬁfﬂi%iﬁwgmcﬂﬁ%g%hwafﬂf ﬁié_ﬂ able of

inspection system that utilizes both 5 brightfield illumination and darkfield
obfpipinsRBrte dlythustiarrers PHERNBUBIBOSMSESPRIET). An embodiment

of the optical inspection system disclosed in KLA1 utilizes MICD as

explained earlier. It uses multiple cameras to capture separate brightfield and

ARSI S5 ELIBF SEmEIMeis MptE Rptsabitveer oy sHnisa dhat ddiisrs poth

brigAEER MRnthRA i Aeassad faparAainAiegeifasder detestingaerests 8m 055
the semiconductor wafer, In 10 addition, the optical inspection system of

(Kbt APGPAREFRRE hiaonsnatdRPRTRINSS SR aARsls tsiigAl utilizes
Msepasatexpiincascafiightiisld andtgaskéiaicillyminapane Kbphta@ahligteseld and

simultaneous image capture using segmentation of illumination wavelength

e mags B anHRe R SRS SuPREY sthir iU tisl diradsdrsk BrigpipRges are
theapretesebdhephrightiisld anthdarkfielddimagesdowhe oAt mRtGal sy RaTer. In

one of the cameras is 15 configured to receive darkfield imaging usin .
gL PO B AR ISR PSR i iR ﬁé*bﬂ%@?%ﬁﬁ?ék%ﬁ‘ﬁﬁ@rﬂ&%%ﬂ‘%m images

sifiegeiveoias) ekihe vepualengispe of wrdsmgdonahtfiaikiidlaminatianiand RLA 1
eam splitter with special coating. Disadvantages of the qptical inspection

ACYRE INEIBLER" Y R fARfRe ‘rﬂﬁﬁ%it?&ﬂ%@“ﬁ%&f)é’of’fo}ﬁ}ﬂ’éﬁ’iﬁ@oaif%?&ﬂ?ngth
spsetifn heHeerbaadalsadnpidsi Rguadey gadvasiatio m Bésudacaatafigctyiies of the

due 1o 20 seg tatjon of the wayelength spectrum. The cameras are tightly .
brigI R A PERBEIA SO S Wb S b ) o Lo RGP 15
coffdgertdam aoeci oy ailabieiluminaignithgnhance aithlasaaiad typasal ONer. The

uch type is havipg carbon coated layer on its front sjde and they exhibit
o R HEREL o R RS A IES N BRI PRIhEh GREC IO B S RB BT EIHEF1d
illbrigivitield ahdne. Heeaquiptistcomitinaieoiol 20abrghthaddaadtiigh angle: optical

._darkfield illumination to,view, certain defects. Accordingly, the. optical .

"R ah oA LSRR AT 10 Bl g P e B e fidret
seaticbfidatsoiorvadeicraongprinitiiple inspectiamapasses @uifiielersflactivdtieh tue to
se}g%re]n%e@[?gﬁs of the wavelength spectrum. The cameras are tightly coupled with
respective illumination and there is no flexibility of combining of more than one
available illumination to enhance certain wafer types. One such type is having carbon
coated layer on its front side and they exhibit poor reflection characteristics at certain
illumination angle, for example using brightfield alone. It requires combination of
brightfield and high angle darkfield illumination to view certain defects. Accordingly, the
optical inspection system of KLAT1 requires a plurality of light or illumination sources
and filters for performing multiple inspection passes (multiple scan which in turn affects

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

images.
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the throughput of the system) to thereby capture multiple brightfield and
darkfield images. 30 6 Additional exemplary exiting optical inspection
systems utilizing both brightfield and darkfield imaging are disclosed in US
Patent No. 6,826,298 (AUGTECHI) and US Patent No. 6,937,753

AdbiEnbESRApRAr iglthimaaiog ahipecapHca)RereatitniaySkMsbALhtfield and
AUGTECHI and AUGTECH2 utilizes a plurality of lasers for low-a

|
QRIS P SR, STl bR ARG NEfch-Rag SR Gtk D) and US
PABIRARD 60 Bdwsiam UeTretes| iDsRERianSYSiemb PiUHTdEGR BN systems

TECH2 uses a single camera sensor and belongs to SICD method

h
ol ANGITEG Uk BA AL GI?, HS st b ek B RS foR el darkficld

imALlET Bedh anskAblat Bakl 2iis pasfaiprd QitbaelByri@htiaich MAINEAIY the
darkfield imaging or via a combination of both brightfield imagjngland
OPdieABRRSHIRGSYS I WP A &SHr #hd Wﬁr@%&%%‘iﬁ@ ang'aiknelg sensor

andnegigdsesrionmednyienhenatherlisrcampiripglyl hesnspRetienssystemietor
AUGTECHI and AUGTECH2 is not capable of simultaneous, an-the-fly or

Wit vatel Kl Hotsh Al Hdeperaent St rarahy sk iimaging. or by

dafigReltringlyind vlivale Passemefieach semisendaeieinualies megutad iinaging
completing inspection thereof, resulting in lowered manufacturi

spe ng 15

WhRFETgFRS a%a%méréagéaletm%mﬁ affedaiiield 1ﬁ‘%ﬁiﬂﬂi6§1?§8%é%qde%@ﬁﬂdhe
otBEtieal dospeatian systempddtibze & gottlest IMBUETHICEH refeEnce dmageions not

comparison with newly acquired images.of semiconductor wafers. Derivation
cagpile AlfeYSHEERFASe QBiOa] YeqlirkRiEap¥ailg SellerRaioRy a8 b rRABREAdENt
br@memaelmfdiatlm&lﬁla@te@hig@gd 'N&Bﬁﬂ‘iﬁg@u gm@lwﬂéepa a}e@d dfeackpRin® @ductor

Statistical for a or technique to there erive the reference image. .
G D L R HE T ke TR e g red adtacturing
thioaghgigtentiasriaseantibl sedectidrwiiizes'good” semiconductor wafers.

Optical inspection systems using such reference images typically suffer from
false rejects of semiconductor wafers due to inaccurate or inconsistent 25

Inretktenee voages.cWiiiminapasinghspariplexgitaul gevimetyfiden image or a
emiconduct0£ wafers, reliance on manual selﬁction of "good"

reference MiAgto %gpé}:lg%l'sﬂémwgqﬁéy SHguired mages o semiconductor wafers.

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
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.

Deriving a golden reference image involves many statistical techniques and calculations.

Most of the statistical techniques are very general and have their own merits. State of the
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images is increasingly incompatible with increasingly high quality standards
set by the semiconductor inspection industry. 30 Deriving a golden reference
image involves many statistical technicfues and calculations. Most of the
statistical techniques are very general and have their own merits. State of the

art! RS therEHIRe NI BT aRIQIBRIURENQBLS WHBSCHNGh Y IAGER MRRther with
together with standard deviation to calculate a golden reference pixel. This

stpdard dsvsrienwaIcHtHIas i lsB d siRtense iddisipehadpororell with

kel yoodlgikirrfetreand affgpigchingl o AueIagpi Kt MeAN Vialeerat thedrefeien gial
pixel. Another method is to use median and it has 5 reduced interference due

V956196 Hsad Vit b pErdEtisretPBifrhirRathes BRtad idides wsaanAndlyhas

rediked the-Availaklqeay RIS tEY Bt @ﬂﬁ@tep&‘é‘iﬁé Qb RYiARRNECdiffleEe Bt noise
kinds of statistical techniques such as mean, median among others, but they

SugEHBINNE ThAl Bp @RIl s RTBTRIR BetUEITUE XSG fFivTaRY ARglgHRg different

kiRUCHrspasiat sequeicRcseiiainly hrlps tacaluninaienpivetery/iah gl aftetave
the final reference pixel value. 10 US 6,324,298 (AUGTECHS3) discloses a
ANy SRR Rt B Fol I dlingF UgBTe P retipinils Bier&rEPEn U ARE IRl SRfce

ceSRMIGAMMCIO WalRA O BRI dhe surRtAeR digr aaed iefefidée THEHAue.

requires "Known Good Quality" or "Defect Free" wafers. Selection of such
wafers is manually or user performed. Statistical formulas or techniques are

Uthen appiied ASGarBiemying sé1esesfereneeninastodSsuGhagee W gt R@Ad eference

consistent selectjon of "good qualjty" wafers is crucial for accurate and i
O I RE R B8 R P5 S8 Hl e RS L S M ERRE HER: E&@Mﬁ%&%ﬁd mn

AUGTR@HA signides dideyvatigosd calglitatecintdddehisalfpee|s ofeith &S eafetion e such
image and presence of any defective pixel will lead to inaccurate reference .
WS R BL 4 SR P HEERS OO P R SFQHEP e tEL0e0, ARaticd

fowaetl it ehaftigerthesiaiisiical calachatiocoumnd laatsdasiseatreeleafeiesntegood
ixel, It will be a 2y nt to a person skilled in the art Eg(_at the method of .

QR LTS e SR AR TR SRl ST LIRS e iSSP idBeesien
Fuetibie aeratondiBavewaieis. didadshidand aptiaabinspealivitasy sidividistipsats of
hin UGTECHS3 usegaflash orgtrobﬁ 55 lam .fOi’ illﬂ inating. the f

e SRAETITULEEWAIER RWHT 98 APHASETSIEE byS pErsoff Skifidpecurate relerence
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.

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
inconsistencies and differential flash or strobe intensities. Such differentials and
inconsistencies are inherent even with “good” semiconductor wafers. Presence of such
differentials would affect the quality of golden reference image if the system had not

taken care of such differentials due to flash lamp. In addition, illumination intensity and
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in the art that inconsistencies between different flashes or strobes may occur
due to numerous factors including, bu§ not limited to, temperature
differentials, electronic inconsistencie$ and differential flash or strobe
intensities. Such differentials and inconsistencies are inherent even with

unig6ettysemicoRESionw ke RsraRNEG RESHRR 30 Wilfereniials wawld aftarding,
blg:%?uahty of golden reference |ma?e if the system had not taken care of

diftiehdaie ety il hampioh RaunBrginahiighbrhtetsity ahdlidferent

podititprnitiNadeg RS osst R SulRgE pltheccRmieenduGtaowAls tEU e deh intensity
factors including, but not limited to planarity of the wafer, mountin%dand light

anbHSCHNRY B8 AIFEEISTIPISIRO MRS ABVEE AARRHRRLEETE SIS Al Bisbove-
deteivadiatignseinihs flashiintensity AadifhesiFabinghehanastensticy@bhiig with
lamp, any reference images generated in the above 5 described manner may

cagBisdranases ahtiffrierupet e (R SerBIce8SERTNGARER captured images

of different positions of the semiconductor wafers. Variations in product
specifications, for example semiconductor wafer. size, complexity, surface

VIEALERSit) BFRIEFRSRSCIOF IRy (RispEtnBly, STRIGBRIHELOF i 4 Size, complexity,

suSRIYGerldueiery ARdReust fACGRINghspsendeondusammvalel thspestionductor
. systems and methods need.to be capahle of inspecting such variations in
i SH R e RSSO T SKALT Y SBEHRG RtiEtet W%&‘ré?‘ff%)&éc?ﬁﬁﬁ‘ to be

capyiblens anchaeiiods ciegenemlly incppahie ofpsatitaciasiyHsrecingxisting
such variations in product specifications, especially given the increasing

Seaﬂa%?‘mdmfgfsépmﬁfﬁ@%ewemaum MR T5°F SPRSAMpIngPable. of

sat}§PioedeXisiiRpesamicantucteviaieriin ppediianspysierattsns esprentBNioRal the

._optical assembly cqmprising components, for example cameras, illuminators,
ingiEane USSR FBRSCTITRRHEIRE ALt Epacal postions.
Introduction or removal of components of the optical assembly generally

requires 20 rearrangement and redesign, of the entjre optical assembly.
FoR cEBPHRGy, BubpPs %8?1%‘%&6?%%‘8}‘1}%@8&cﬁ%ﬂf%yé[%ﬁ%‘l’w%es?ﬁﬁ%%bféses a

codesigivaglr coptigiratiorsmiand Jeapiieiggreladimpbhlang lefwd-tim@nigle cameras,

_modification thereof. In addition, distance between objective lens of the
O ool A, AR oA A SATA RreLSHEP 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
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.
However, because of current lack of technical expertise and operational know-how,
existing semiconductor wafer inspection systems cannot employ simultaneous brightfield
and darkfield imaging for an inspection while the wafer is in motion, while still having

design and configurationally flexible. There is also a need for semiconductor wafer
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inspection is typically too short to allow ease of introduction of fiber optics
illumination 25 with differing angles for darkfield illumination. There are
numerous other existing semiconductot wafer inspection systems and
methods. However, because of current lack of technical expertise and

in§RRUVIPBA KRRWINP Whe BYIEH T SEIIERRAHGIA YR dNSREFIIMLRY SERBIate and
cannot employ simultaneous brightfield 30 and darkfield imaging for an

fafhsHISBAEEHARNIE tPRIARIRAUSIE MBHER; wHit Sfill FeRriglMeigRParile increasing
coapiguiationatitiieniifclingro SselaR snaeedar SRMIGARJNEIOhWaIShY quality

inspection systems and methods for enabling resource-efficient, flexible,
stapdads Rf A e ML IR ¥ miconductor wafers. This is especially

given the increasing complexity of electrical circuitry of semiconductor

wafers and the increasing quality standards of the semiconductor industry. 5
SUEMAN%ry There is currently a lack of semiconductor wafer inspection

TisstResAnRdNethadscrpabin dat emplayingpethbiighifield antHatdRldapable
imaging. simultaneously and independently for performing inspection while

ofy RIS AU R shaRsd e riatld e e gRsv ity 4oy kgtrd iBHsP grdently
fofl geigorfexibiligptis dition, theke s dpadJor avatmigondweiasnvalille providing
inspection system wherein components thereof, for example illuminators,
copdiuAlion; Qe Ass e rpiiLya e 4ARHER; Hie Helaptelahg seaiqaetitor wafer
inShatidhintgseanfigiiatianscompm@izibe ineresSimarcenpiprityittislpeiideal camera,

circuitry of semiconductor wafers, and.the increasing quality standards set .
OBFHE eémif@?&w&rqﬁafa&&agsﬁﬁ&@%m aSrelln oy gptercontigirations.
Giemigendusiayivgadenipsrastioncis dawsasinglyrgrifcanRervaton ahaeklend the
. references ar reference images for compayison Wiéh captured imageds of .
I AT STORRRFES T BNy TSNS RIS BENS IR A< SaphAnd consistency
ofsepngonilicior wakes. Hupbetomanual@GelsaiEn camiesuliDerinagehragiegolden

nd inconsistencies in the derived reference. images, and therefore .
ro R SRS BC OR  Sel A CTERAESY By D SRS ARG it Sosp gnuctor
witead forrimpyoveghiraimiaguiietedssion prdcessds farmlieoihg aferangs. Such a
|maqoes to which subs&quent captured |mda%es of. semlcondutﬁgo(rié/}/l,%féa([sf ecfgpence

m%réu% Fﬁb@g}éOdl (ﬁ,_PGI'eSLl n maccuracies an consistencies 1n

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.

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

inspection system is further designed for performing defect review.

The 2D wafer inspection is facilitated by a 2D optical module, which comprises at least

two image capture devices. The 2D wafer inspection utilizes at least two different



10

15

20

25

30

present invention seeks to address at least one of the above-described
issues. Embodiments of the present inyention provide an inspection system
and method for 25 inspecting semicorﬁﬁmtor components, including, but not
limited to semiconductor wafers, dies, LED chips and solar wafers. The

cosRRGIIMAVHEM iBHesanachiahapesformintdhimensianat2Dhanttions. The
3-Dimensional (3D) wafer inspection. The inspection system is further

QB despseperbyRAHGTaME AMG R vaber e Brotiorrand fretiifded with one
pakaciitatehbyde2 hoRticIMO tiRi i BICHy CORD iR At ARRBI IWeHhIBIA8Smprises at

capture devices. The 2D wafer inspection utilizes at least two different 10

leainfrast iMasfin SHBMSrol CARtUARY iRhalas of RorfBEhdHifing lkBHRYsE: Thin line

ililkminREossypine B wafainspectiRmimReHornrRA Whikaibe makebiSifoadband
motion, and is completed with one pass. The 3D wafer inspection is

illERiReLer YWD Shtitaitmddufirssiidh Yortsriss@igondysinaafigavhile the

sehaptutRIclevica RNk ahleasiane thisginadiuBmnaiesed bindine dnillivminatipivafer.
lied by the thin line illuminator, which is either laser or broadband,

sup ! .
Dﬂfﬁ?ﬁfﬁ&tﬂh%ﬁﬂ@@@&%ﬁ%ﬁ [asmrousRttan ISdAsilisHad d A delest iepptical

mé&émconductor wafer is in motion for capturing 3D images of the
semiconductor wafer. Defect review performed by the inspection system is
facilitated by a defect review optical module. 10 In accordance with a first

InasRecdAicheRMbailisnanisefdhenpresdotime@ndion thaese:isntisslaseshathere is
.method for i?%pe ting a wafer comﬁqrising performinri a training process for f
digrloshitg roriPer T TNEEE AthA WA PSS B5HpHULS ea%%mmg grocess for

criduirlityfofdndages gof. arfiesirwafes, phe distumfersbevagtofiap spknalg of images
qu%‘l(igt , each of the pluraljty of 15 es of the first wafer being captured at

of MBI R N it S BRRB e B AN BT RSB S76P Mol of
infiigd velfeie drprisiagbaiplticapiturel pixels-andedeiasmituingad fluraditytioh, each of
hrefﬁ#e cei tensities{ggiach of eﬁpluraljt of pixels of egch olféthed%luralit .

g PRSP e P RARY BDRipfiseia determihing
a phlealiafing acfitsiadiyiokeatatisdidal parimsters fpluhéiplwaljikelt refecaticeof the
pinisnites of cach of the 20 plralty ot ghls o cach of e PR Sl o
plurality of statistical parameters for the plurality of reference intensities of each of the
plurality of pixels of each of the plurality of images of the first wafer and selecting a
plurality of reference images from the plurality of images of the first wafer based on the
calculated plurality of statistical parameters. The method for inspecting the wafer further
comprises capturing an image of a second wafer, the second wafer being of an unknown
quality, selecting a first reference image from the plurality of reference images and
comparing the captured image of the second wafer with the first reference image to

thereby determine at least one of presence and type of defect on the second wafer.

In accordance with a second aspect of the embodiments of the present invention, there is
disclosed a training method for obtaining a reference image comprising capturing a
plurality of images of a first wafer, the first wafer being of an unknown quality, each of

the plurality of images captured using a predetermined contrast illumination and selecting
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plurality of reference images from the plurality of images of the first wafer
based on the calculated plurality of stzﬂstical parameters. The method for
inspecting the wafer further comprises capturing an image of a second
wafer, the second wafer being of an unknown quality, selecting a first

théefefaBREIMALL TR the Pkl Areferenceainages ad iR AP AR the for

captured image of the second wafer with the first reference image to thereby
COftRIREINY 1Lt RAH dMasst prasteahN i dhsrigerit: BRI sBN AR ARk NfvD
quageprdance with a second aspect of the embodiments of the present

invention, there is disclosed a training method for obtaining a reference

image comprising capturing a 30 plurality of images of a first wafer, the first

InWRereaing it LAk WEpdbe iy tRaehmebthiaaiw ditypelsenagescaapiurgtre is

.using a predetermined contrast illumination and selecting 11 the reference
diselatRd B RT RS SRIFIRFGH IR AR AR IS i SARIEIRR APIMAYY igfgpages of a
fireOMERFINBANIIS: aviet beRge ohA seewhvvaialtha gecond WRIIiBesTa AR of

unknown quality. 5 In accordance with a third aspect of the embodiments of

thiy W ARSI HS e A RECHREIBEES S MEaSHY REPIRRBRLTHS ™ sy plurality of

inBRRPESIHECantuiinguapity' dityp ofciagrs afethdustumater chigpirséswaiigtting the
being of an unknown quality, each of the plurality of images of f;{he wafer
re et RRG P8 Y Apt 8é’ﬂé‘Fﬁi/}We8fc‘6‘Pﬂ%§§t9ﬁdﬁ‘ﬁﬁﬁﬁb?{aéeicﬂ“o?‘ﬂ HipfRfymsthod

cOMBYRS CAFRTISING arpldeabitya akpbrRlsvABe ethoandhesoamiyisesn unknown
selecting the 10 reference image from the plurality of images of the firs '

e mﬁf&?ﬂ?ﬁ?ecmﬁas CONRES fffibfﬁfﬁﬁ&*ﬁﬁ %%&5er Gedihglity of

reWafBe theagescond waigrabiainghef @apturihanipcOoalitg. stoendeang alg@ the first

omprises selectjng a first reference image from the plurality of reference
e AT BB (LA l THAQE P e SEEh R e e

setelel enderimage to thereby determine at least one of presence and type of
defect on the 15 second wafer. In accordance with a fourth aspect of the
embodiments of present invention, there is disclosed a system for inspecting

Inaavieiaite systenteathpiisiag wvedns éabodifacmingfapieadningrotiess tfase is

oIS s, T e s ompioss Mg S0
tre#aiely plocess for obtaining reference images. The training process comprises capturing
a plurality of images of a first wafer, the first wafer being of an unknown quality, each of
the plurality of images of the first wafer being captured at one of a plurality of
predetermined contrast illuminations, each of the plurality of images of the first wafer
comprising a plurality of pixels. The training process further comprises determining a
plurality of reference intensities of each of the plurality of pixels of each of the plurality
of images of the first wafer and calculating a plurality of weighted indices for the
plurality of reference intensities of each of the plurality of pixels of each of the plurality
of images of the first wafer. The training process also comprises selecting a plurality of
reference images from the plurality of images of the first wafer based on the calculated
plurality of weighted indices. The system for inspecting the wafer further comprises
means for capturing an image of a second wafer, the second wafer being of an unknown

quality, means for selecting a first reference image from the plurality of reference images,
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the plurality of images of the first wafer being captured at one of a plurality of
predetermined contrast illuminations, each of the plurality of images of the
first wafer comprising a plurality of pixéls. The training process further
comprises determining a plurality of reference intensities of each of the

ankllWigdity REisaipRiRaek eisheddunality ebht teagrswittievitBiMeiRs@Retrence

_ calculating a plurality of weighted indices for the plurality of reference

impgeHitBsTEP L A BR RS HiUFahtyoBF kdctnesdnarime mhidafset smfigascond

w&kthe first wafer. The training process also comprises selecting a plurality of
reference images from the plurality of images of the first wafer based on the
calculated plurality of weighted indices. The system for inspecting the wafer

InfudbtisaraPHaas 3¢ Mmeansctor capterngnaaitnage of pressanthveaiesnth@ere is
.second wafer being of an unknown quality, means for selecting a first

disglesethch RIPEIRM oM pISMARRy TeHeRFeR¥e dnTagclng o bl SR pdying a

prégrapaITgihecappiedisaagelef Bie srcansewaterwithetha dirsheehoengeps for
. image to thereby determine at least one of presence and type of defect on

in§RECLNEHR AV Heifel 1§ |INER0S: dRse it SPRFiNSs RS MG Ehe i ientlens of

peRf&SEig Ny et dhprecisssdissl ogenh Pragikam &oiagedevite reaganie Pyéeess
machine, tangibly embodying a. program of jnstructions e%cutable bg/ the

COMBERRESRD RS RTHEAY Sleldfss Mspdlithg alWarle T MatrogLngpef an
urflRidRsPGEiIng, tbacWafahePnpiing BTesteRs of therfesmingea beaipiRgRIOELSE one

for creating reference images. The training process 10 comprises capturing a
Ofpﬁtﬁi&“ 1Bt ﬂﬁa&egftsﬁalﬁﬁﬁ PR LR aRS: B@h@ﬁﬁw Sy mages of
thelyakitywerehcomihesplpralpaflimagesiofitha fisstralafes heitgssapidiet @immeses

of a plurality of predetermined contrast illuminations, egch of the plurality of
BTG HOrHISY e COH IR A1 T R L AIG DR GRS of
théuploeniepropiiaesedefanvifivgwapiuraldycalcigheignaeintensitieswadigied aidices

the plurality of pixels of each of 15 the plurality of jmages of the first wafer
fob AL A RO SRS bbb o e TR PR et of the
plinténgite snafeaclt aidiagluratity Ohpixelsin eactess thahptwaliyrstinagesng a

of the first wafer. The training process further comprises selectin lurality
P dRer oS 6 TRORT g HHor Aty R EA ik hPAUR pLSaEForpiied on the
calculated plurality of weighted indices. The method steps for inspecting the wafer
further comprise capturing an image of a second wafer, the second wafer being of an
unknown quality, selecting a first reference image from the plurality of reference images,
and comparing the captured image of the second wafer with the first reference image to

thereby determine at least one of presence and type of defect on the second wafer.

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

to the following drawings, in which:

FIG.1 shows a partial plan view of an exemplary system for inspecting wafers according

to an exemplary embodiment of the present invention;



10

15

20

25

30

calculated plurality of weighted indices. The method steps for inspecting the
wafer 20 further comprise capturing an jmage of a second wafer, the second
wafer being of an unknown quality, sellécting a first reference image from the
plurality of reference images, and comparing the captured image of the
FIeRCONbWaepaith thenfistdelerenemimaaeritotereby determine at least one
of presence and type of defect on the second wafer. 25 Brief Description of
the Drawings Exemplary embodiments of the present invention are described

FICEreigRéiRs WithexplsRaCsarithiedplbaring dvayingse primhigRp Ed o 8BRS Rthe

partial plan view of an exemplary ,sgg,stem for inspecting wafers according 30

sygicah X HplAgeariBtstimEatof th sreieethvehtiért 13 FIG. 2 shows a

partial isometric view of the system of FIG. 1; FIG. 3 shows an exploded
partial isometric view of an gptical inspection head of the system of FIG. 1

FIGEoP g @hvranlodedrgriip)Heagritie icy: of girebatichuafedabl sidlis gystem of

FIeatiatispdneirie view o annheias@iarible of the system of FIG. 1
according to view "B" highlighted in FIG. 2; FIG. 5 shows an exploded patrtial

isometric view of a robotic wafer loader/unloader of the 10 system of FIG. 1
FI8LCR$RHWs teh\depploded paiiig e shda-ic (Ge v If 153r0B sthowsian &xRIoaed R Ftis the

isometric view of a wafer st_ack“mgF%ggl% of the system of FIG. 1 according to
SYSEw OBFIfﬁgﬁl?gfﬁfggYﬂ‘g Beiey 15 Prehhehisha § arfial isometric view of the

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

view of the optical inspection head qof the system of FIG. 1; 20 FIG. 9 shows
Flgbt?c%?r% ﬁ%ﬁ@s’ﬁ% RSP BEe Y BlgRAEESRsMIRGC 21005 Qe of
Fldarkfietddlinpinataswa bighi ginglatdaikiield itbyminator, a firstimage 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 25
Fliflumigiasion suyppliedibynibeibrigbifieltl tHeopirtariafdétot; head of the system of

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
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;

FIG. 11 is a flowchart of an exemplary second ray path followed by the darkfield high
angle illumination supplied by the high angle darkfield illuminator of FIG. 9;

FIG. 12 is a flowchart of an exemplary third ray path followed by the darkfield low angle
illumination supplied by the low angle darkfield illuminator of FIG. 9;
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FIG. 11 is a flowchart of an exemplary second ray path followed by the
darkfield high angle illumination supplied by the high angle darkfield
illuminator of FIG. 9; 30 FIG. 12 is a fidivchart of an exemplary third ray path
followed by the darkfield low angle illumination supplied by the low angle

Fdarkiieikbilemipaenal Filfandhddod el howm BietafhahHtyMIAALORD image

between a thin line illuminator and a 3D image capture device or camera of
capiureyisidng OF eHvC ¢idhe BASHBWE HiStickl ray path of illumination between

a review brightfield illuminator, a 5 review darkfield illuminator and a review

image capture device of the system of FIG. 1; FIG. 15 is a flowchart of an

FIEK drn pharysonHPrAgypRath rAIBIHEU Sy oRiBFMER? drsmuisis HEciddimimator, a

reteMiewaRiiiglshilnarinaler 2R e ey iptagedeaRbine tevicerf 61 BIGL4;;
10 FIG. 16 is a flowchart of an exemplary fifth ray path followed by darkfield

illumination between the review darkfield illuminator and the review image
Flcapyeideyigr athife. dfalrlexehipiarg nisihad dgwdiagemakanyxemplancld
...method for inspecting wafers 15 provided by the present invention; FIG. 18
i 3 SE MR AR BT AR REIHIAR B HEE e BFe BRIARTD rsss Fpture
desficabngrefargnce images used for comparing with images captured during

performance of the method of FIG. 17; 20 FIG. 19 is a process flow diagram

of an exemplary two-dimensioned wafer scanning process with timing offset

FI0.the method ien of thesxetptaofiftlGrad 1t Go ROnsiowys dalidfddai lumination
illumination configurations selectable by an illumination 25 confjgurator. of the
belys F%Y@Wl‘?aﬁ%?%ﬂé%w&%ﬁﬂ GRS RABRARG G dHiSE hAdE- 14

by the first image capture device and capturing of a second image by the
copd.image capjure device; 30 FIG. 22a shows the first image captured by,
FI?ﬁee ?i?st‘ﬁn‘?a%?ee&%ﬁ Q% eé‘%%r%qllz L %emplary metfmoé I}(])r 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

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;

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

configurator of the system of FIG. 1;

FIG. 21 shows a timing chart for capturing of a first image by the first image capture

device and capturing of a second image by the second image capture device;

FIG. 22a shows the first image captured by the first image capture device of FIG. 1;
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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 demonét?ating image offset due to the capture

of the first image and the second image 5 when the wafer is moving; FIG. 23
FIG 2 PEaHR%S 1R siaaiaim 2fean Sy Rm B i W SN BASIRNAIIMAAR ARCSISSIND 1 ;

process performed in a method step of the method of FIG. 17; 10 FIG. 24 is a

process flow diagram of a first exemplary three dimensional wafer scanning

FIerogessipartosnsthinddnatiiachsteroe e methed abfdset hiadd Gf BRcshowstor

an exemplary optical ray path of illumination between a thin line illuminator a
degponiiRebrne AENRESYr Eamersaptfedydiedingr iBnager and threopnd image
wikRerss iR idiagrang.of a second exemplary three dimensional wafer

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

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

Fle.2pethogrod8sstapwdhematbod o tkifmphfy Betadatdrasaiplianethtocessing
inspection of semiconductor components, for example semiconductor wafers

Prafitys o s marastingiseniat A stapiind Mshdracture or fabrication of
semiconductor 25 components. Increasing complexity of circuitry of
semiconductor wafers, coupled with increasing quality standards for

FIGe it B RERGT SR Qs IREE AP I dH S hEr e TR LT i mihpReRL gy afer scanning

préessigarebiaiod wafendnspeatpn sirienatandmrethads. There is currently a
lack of semiconductor wafer inspection systems and methods capable 30 of

employing both brightfield and darkfield imaging simultaneously for
FIpermmingxenathexéynislapeciiaic gl semigandoiCtonwaiatnvbievecavigdingn line

...configurational or design 16 flexibility. In addition, there i fora
IR Ao o Erer LR S R EIAR OB thereo, for
example illuminators, camera, objective lens, filters and mirrors, have flexible

d adjustable spatial interconfigurations. Given the increasing, complexity of
Fiflodh f53infl ‘1

 RIRISER ot S8 LGRETGE WaTEsQns e SR B el Usyonal wafer
scatangapdscesd pytformed in a method step of the method of FIG. 17; and

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
dies, is an increasingly critical step in the manufacture or fabrication of semiconductor
components. Increasing complexity of circuitry of semiconductor wafers, coupled with
increasing quality standards for semiconductor wafers, has led to an increasing need for

improved semiconductor wafer inspection systems and methods.

There is currently a lack of semiconductor wafer inspection systems and methods capable
of employing both brightfield and darkfield imaging simultaneously for performing on-

the-fly inspection of semiconductor wafers, while providing configurational or design
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5 the semiconductor industry, accuracy and consistency of semiconductor
wafer inspection is increasingly critical. Derivation of golden references or
reference images for comparison Witi‘}éaptured images of semiconductor
wafers currently require manual selection of "good" semiconductor wafers.

flexusig. menuatisgleriRNCALteRHh Kk nfi@stHiaeies ABE IRPENSHE PGSR Wherein
the derived reference images, and therefore 10 consequent inspection of

comPARSHRAISPfvARE IS s I RRNPR{RE s RN TR BRIFSHViFIS RSV B dFS A gnirTors,
haNeags| O MR sSEB FosFAaHY IR FEIarRNE R IFR ISV WhiGR c R4bSRAMSAb e xity

captured images of semiconductor wafers can be compared. Embodiments of

of slsekicpl RIERHEN presricendus pRAIEytathb S i RstRg Ay ptpndards set by

thiSRECHREREMIGRREHSICERMBPRRN D ialsasdiessiehaldrdsitons abiNBspection
above-identified issues. For purposes of brev%and clarity, the description of

is t{RCEATBENN I H-thB PR il eBrIgANs TRITEER FerBindREF T8y dtapgss  for

conipshRe edsiaeRECHRG &SI QR ctRI bW erssI tavilhayweavgne manual
understood by a person skilled in the art that this does not preclude the

seliitifenBOBf the PHESBA e MYRIE From Sthér APPEALSHE AR gan result in

infdpslanientahprinsipiasspieatenhamenddhesmrieas @b oghnerts afdheéherefore
present invention such as gperational, functional or performance

COBRETHERE LRSI efu FET JEBA USRI PRIt Re SYERSHIESH hdthdisa need for
infpievielediayning endoesimentsppbibsqyresendnyantioncZer&aar biegndged for which
Inspecting other semicon?ucto,r components includjng, but not limited to

SUBSEARSI GRS R g E ST SnicaRaUSH (EATAPF EREIRBIETy system 10 for

inspecting semiconductor wafers 12 (also known as wafers) as shown in

FJBG..l and FIG 2 is provided according to a first embodiment of the present
AR OO T Sy e RN A B BRI R SIRG o RR methods  for

in§svieenaduciamdavices ansomepeentsidrseagirde Reefasalfiyhdhd systiconified

. comprises an optical inspection head 17 14 (as shown in FIG. 3), a wafer

5Y¥&Pisportation 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 FIG.

B D, A R SRS e
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 embodiments of 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 methods provided by the embodiments of the present invention
can be used for inspecting other semiconductor components including, but not limited to

semiconductor dies, LED chips and solar wafers.

An exemplary system 10 for inspecting semiconductor wafers 12 (also known as wafers)
as shown in FIG. 1 and 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
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5 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 comprises a brighlc leld illuminator 26, a low angle
darkfield illuminator 28 and a high angle darkfield illuminator 30. It will be

144n9.rIRad oy 18 PeySPR Skl gdith theashthal Lo additianaldarkiigldhown in FIG.

illuminators may be incorporated into the system 10 as required. It will be

Drdrinkeimiaistdsudyd pérs shoskn bk YA HackoWhtf A4 Admbgivn in
FltlusyRata 8rand thesbighhangle sarkieldilpiinatar 8day, badnieaaieshe set

as a single. darkfield illuminator, which ma}; be flexibly positioned as
of gepdralration roliRyhdie (@S intimaioF ¥, hrddbivd)as a brigntfield

illumination source or a brightfield illumination emitter, supplies or emits
brightfield illumination or Ii%ht. The brightfield illuminator 26 is for example, a

Tha8RtishArsPer itaafshi &aithg ol 1B refetbil e oghrisrg a number of

ilnilwminetor2a supplic s drendbandcbsigpiielchllyminatiopi€ampsjsibgon head 14
wavelengths of substantially between and includigl%BOOnm and 1000nm. It

coRPHiFhdRERHIR LIRS b £ Jersghekifegiictd Linaiqnes and a high

aniglig GtiRfkiluminaiiabrmey eyvell Aterndtimeova slengérsoanttidiptiGal the art that
htfield illuminator, 26 preferably comprises a first optical

properties. The bri
adgiony oéagﬁgﬁﬂt)) llﬁw@a@wwmmth% BrgRAREAITHAAGH TN Bars@ired. 1t
wiDle'tl_Stg ﬁ[ﬁgﬂféedlmm B9 brigé}Hd]:ﬁalC!;lHil_ladiHﬁé@ﬁe’z@jnﬁff?iembl?bihb@pfgnsi_da;ékﬁeld
...optical fiber acts as a waveguide fqr guiding directign of travel of brightfield .
il iHhiokioh. # r{h%#lb%f@?&%@afﬁﬁ? f@‘ﬁf%&éﬂt% 3 Vi S shrelch B drimele
daBkigetdiald dinmrationca misie s merithe frighsfieltadteguirador 26. 30 The low
angle darkfield illuminator 28 and the high angle darkfield illuminator 30 are
also known as darkfield illumination sources, and emits or supplies darkfield

Th‘laBbHigmirm@omluaa[kf&ld_zﬂ_lu@lﬂaalt@mrwa{afﬂgwﬂlmeﬂdﬁuﬁaﬁaﬁimmﬁg&ﬁ a
R i SR PIBMASIeD o e ool gy capemitod o
brightitydjllumageoeatusefaevicespier Laathringgarkiielchiteadgels reaaives diode.
Prgpel%/ag‘g,m tI g tor?gg‘[ 1iqut mgrtnﬂ?a%otr)efg ?Sﬁg 1eers(,3 q)po%(?band 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.

The brightfield illuminator 26 preferably comprises a first optical fiber (not shown)
through which the brightfield illumination travels before being emitted from the
brightfield illuminator 26. Preferably, the first optical fiber acts as a waveguide for
guiding direction of travel of brightfield illumination. Further preferably, the first optical
fiber facilitates directing of the brightfield illumination emitted from the brightfield

1lluminator 26.

The low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 are

also known as darkfield illumination sources, and emits or supplies darkfield
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5 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. The low angle
darkfield illuminator 28 and the high angle darkfield illuminator 30 are for 10

ilexamalflashiamasvnwhie iohte nittingidiadese Piaterabothe dagdieldurces

illumination supplied by each of the low angle darkfield illuminator 28 and the

Whiglh3ble BupkREAUR Afithe s i P s aie e sy SiHitdr (Spftat (ibisedndight
endSineheigRifieddpiHaminatiRe MerarsRréfical G dlgdigrkiielddlaptinatiRNices for

supplied by each of the low angle darkfield illuminator 28 and the high angle

cagapne delitalAdtrass Tesrate N H Wbt Tighidhefidrs Mernirtatised by a

safPRPsISHigea: Wavgle st helsy betantinhhbeswarmaand iinebdiogra@QRnd@pared
1000nm. Alternatively, the low angle darkfield illuminator 28 and the high

to disBieik foreatMtEtdicsd LupprraanandSarkHaihilbiptigg g examples of

coavelangthsagiomther optical properties 20 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

THalsv o g0y darRftwdizoniahplanesofibenwaleh tahir de)kfreld eNamiplaot B I for

angle darkfield illuminator 28 is preferably positioned at an angle.of between |
CXHPELS A AP RGP (B S aqﬁar%%fﬁﬁ@éﬁﬁéﬂ%ﬁ%ﬁ%e gpation

supglid@csdeachtbe walkm2arigbldalkfibldaditionttie Bighdmglaidarkiigle darkfield

..illuminatar 30 is, preferably positioned at an angle of between thjrty and . .
iR eI de SlettdI5 A Y Y oMLt B HE PERB i RO et kb gnination.

Mplaap@dendiie watediaktield Gllihmatoveupslied BRgias akthereferabile darkfield
...alterable as required by adjustin sition.of each of the low angle
IEERAAE T AaiEy S0 hBIE I g RS APt Pab g paoadband
daadl D ilthenioavi anglentatkigl d ilavinaiom28f andstasthigh baglesdarkficietluding
iJluminator 30 preferably. cqmprises a secon ird optical fiber (nqt .
SRS g VAL Bt T B S L DO g B dieh
anifleredrafic] B olinritieseco o dandythingk fagticahfibersiants fodi Aateavaguidrigths or

uiding direction .of travel of the darkfield
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
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
table 16. In addition, the high angle darkfield illuminator 30 is preferably positioned at an
angle of between thirty and eighty-five degrees to a horizontal plane of the
semiconductor wafer 12 placed on the wafer table 16. The above-stated angles are
preferably alterable as required by adjusting the position of each of the low angle

darkfield illuminator 28 and the high angle darkfield illuminator 30.
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5 illumination through each of the low angle darkfield illuminator 28 and the
high angle darkfield illuminator 30. In ]zraﬂddition, 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

Edarkfiald iwninatien «mittedifremadive Meathansiasrddieddiiluminatandbaator 30

lllumination supplied by each of the brightfield illuminator 26, 10 the low angle

prefierRhbochtRissior S8°qR i HIYFlanRfisH dikee nmusiowtbr Berugh Bech the

dasRAbIA BRnARs RANRS Qi berse i uatEHRRIRG OMPWSAHthENR cond and third
wavelength spectrums of both the brightfield illumination and darkfield

onfigRhiddsshabieteranyanRaitce REcEBrp rdispheton altavabretthedatsicld

ilehhatssmicendHcarh b7 wafess baghroadband ilnminatieoprefarakivhigh angle
enables identification of a wide range of semiconductor wafer defect types

: ) fe Ct typ
dagitielch g atitac rdnadiitnss i stcfdr R siihralasigiipadtecting of the
danguetengthsmtibatbuinecbrivhifield lbwnination.aogetbaldarkiialst JRiaNaatOMSird

enable the inspection of the wafer 12 to be performed independent of

optish R Gl Liicdisenbtie daedielddtbruasses smiied framnbeughrnele
degieteadionualidtsletectBlomingisa ruppred P udier 1o vsi diefeahlMaids: 26,

undesirably influenced due to different sensitivities or reflectiveness or
th%‘?éi‘fi?ﬁ%]&?/%[‘rﬂ%ﬂ%é%?&?&a’&% e WS ARG HARor 30 can be
conavRtRNgiascdreéesaily citiensdis s, aliri&dighpigiddllumination and the

darkfield illumination 25 supplied by the brightfield illuminator 26 and the

darkfield illuminators 28, 30 respectively can be selected and varied as
ThHequiverttlepspaingan dneaartcongheterd Walerddicharciaristies, idiminations

example material of the semicondugctor w. fed%%.zl addition, the intensitie
PIGREH STIRES: BFRHEIG R BHCI AR AR e i g conductor
wsRlgcted Bra dsiieidi Asniagiticedpierenbigneiapl e aldyt tdntiagest captideehabe of

the 30, semiconductor. wafer 12, and for enhancjng inspection of the . .
seRURORAAR A ITAATEY. BRCAHbWATYIREICUIALS FrCCG! HHIE S Sefdigion. the
sifuthesroadvpriges & isidthags ¢apiutke deidheidR] (lbuaifinssiopamerahanddficld

..,.second image aptiﬂire. device 34 g.e. a se ongq ca er?. Each fth firs£L

AR oy CPAN SRR L AR Tikage dApltrd et LRt O
refléceiceivingabrigistiildfilthenioaticon sugpliechfy e Dhightfiald ithamibai@tection 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.

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

semiconductor wafer 12, and for enhancing inspection of the semiconductor wafer 12.
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5 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

A9kROWESROPRING iTdagRs. Brightfieldeand datidirld ciluprisadians iecrived Qpture

or entering the second image capture device 34 is preferably 10 focused on
deyigg chhdiifmay St e BB Gt CapROFk B1AESTEABITRTY itfadeditha fifsend
caliage EARIUE e Viee 3R Hpeuseaeiddmaga EARIWR SRy iee 3¢ Gapliéaevice

either monochromatic or color images. Preferably, the ability to capture,

34usicgrahigletdensrsechiigRiisldsehsgnation s Rot thie Rsghdfiglsd illuminator
2enhipicasaliieRsl RRG IR REEWaM 80 Gyl SashegdiefdafaskRetaatind F®iminator

example, the ability to cagture color images of the semiconductor wafer 12

28, asirabH) HARE 1ddisid tiswatecith Struidiallond elakRkbAtimiations
revéafen b2.qane earesRoneinghafelsgpiaiecliancthsraobrEheBpficahinaPestion first

. head 14 further comprises a first tube lens 36 for use with the first 20 ima

IMAZSH AP HETiRLES I SHtER, YheS OB GRS R A Hedd B HirtHepnd dar Field

il1GRIMAKISAS fecePaRNByiUke:IRRSN3OHHRr 4656 imHIR Saprite dvdge SaptUpeeferably
e 34. Each of the first tube lens 36 and the second t;ibe lens 38

devi
foﬁ‘r‘é?gr%‘bﬁ/%ﬁg?é EBASHERP B G QAT L EABREE Y SRt T ORISR Srdingly,
the tube lenses 36 and 38 have been labeled the first tube lens 36 and the
second tube lens 38 solely for pyrposes of clarity. The optical inspection 25
leeﬁaf&wasfo%amﬁn SU5F A b BRMVEIERSEBYUD 15V ERatn SRPIBLR cither
moRjeBivBalRNsesA0: Theseh)Petiedesescdibils ¢ollegiivaly unagniagdlernathree
rotatable mount 42 (as shown in FIG. 3), which is rotatable for positioning
B OF RS0 PR 18 1 LD e dEber R ey and

spsbdVen) defseimieediuatorvatanip lepsiwndditor tinsppaiiencdlbe ahjgetivef the
lenses 40 may he callectively referred to as an objective lens 30.assembly.
SeEHCRAUTEY L DA SBIE CTSA A R ir o Sifa08 ORI On the
semagnification st | heydeorpagondin achlsf tkjedtiomtiriaifobjective lens 40
is preferably of a different predetermined magnification factor, for example

five times, ten times, twenty times, and fifty times. Preferably, each of the
Thwopbesldhehjectne dadsestdiras engoisectedirst 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
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
lenses 40. The objective lenses 40 are collectively mounted on a rotatable mount 42 (as
shown in FIG. 3), which is rotatable for positioning each of the number of objective lens
40 above an inspection position (not shown) or semiconductor wafer 12 positioned for
inspection. The objective lenses 40 may be collectively referred to as an objective lens

assembly.
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5 aberration in infinity. It will however be understood by a person skilled in the
art that each of the number of objectiye lenses can be changed or
redesigned to achieve different magn fcation and performance thereof. Each
of the low angle darkfield illuminator 28 and the high angle darkfield

EdlHBINOn3MbLe Shpiaiabliauriisas Qe aing: MeaN it rRRChRABISMS N and
directing or focusing the darkfield illumination therefrom towards the

they e hatacedr FagBrof 2soaishecd thischispdationisrisH ey ghgielifferent
pro@dwaah taeniavh analeodatidisld ibusrinaine &8 anthébetcharirental ehaneabingnd

wafer 12 and the angle between the high angle darkfield illuminator 30 and

fiffe tHBRY oREST RN dtagle Wathf 1 EReprefePRifg S dFMifd Ay corrected

abaelisiabie fefiepNancing asewasybef defactslrtastiandiisieiritlyd eachcohthehat
low angle darkfield illuminator 28 and the high angle darkfield illuminator 30

caph ofth dyrapstial PustHibi lrpestardcehtigng Mdsaetissddeifshicve different

médigmativalinthsHositinrofiraskrof the low angle darkfield illuminator 28
and the high angle darkfield illuminator 30 is variable with reference to the

inspection position during normal operation of the system 20 10. As

EAassrinedoabovelckniit tlaed brighifiatd d herinpdie amch HgedrikifRId illuminator 30

inations are focused at the inspection position. The brightfield

illum;j _
PrﬁﬁﬁfﬁPﬂ&ti&W&ﬁ&?ﬁ ol QSRS M RIN A BISS RS S f i FAER b Ruisitsn the
datifivinatasihesemicertwaioovalias 1 sehaoiripertigaftiereqfogasiianedthe

. at the inspection pgosition. As shown in FIG. 6, the system 10 comprises a
inSpSFEPBROR D8Por ARRATAE CRLSH th%ﬂ&&f.&?ﬁlf ﬁ%%f%ﬁ&%f&f@f&ﬁmyd the

hoioREBgsSlotsfothelavatettiple semigendugtorbuafess. hachigh thggle darkfield
...semiconductor multiple.wafers are sequentially lIoaded or transferred 30.onto
AT A TS RS MR Tl 5 WAKCh Lk BUF IR ob et e and
adnastsiier 168 daisasbiowadourds; b).derefedndy iars Uatits il yacidhno fistaplohedngle
t wafer table 22 _for securing the semi uctor wafer 12 thereonto. .
o RCT & s E Seosk PFSANBHRE! i b Sl
p?ﬁi@ﬁ orifipeITees ‘ éhFU@iMbMiﬁgwlﬁdﬁ. aptéltﬁb h dﬂ@%mabée@a) ifblliﬁbfaea;ﬂﬂof
t positign ex frame. tape a frame (both not onto the wafer .
gl TR S T e DS tae dHis N DR 6 8 i
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
illuminations focused at the inspection position illuminates the semiconductor wafer 12,

or the portion thereof, positioned at the inspection position.

As shown in FIG. 6, the system 10 comprises a wafer stack 20 or filmframe cassette
holder. The wafer stack 20 preferably comprises slots to hold multiple semiconductor
wafers. Each of the semiconductor multiple wafers are sequentially loaded or transferred
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 applied to the wafer table 16
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5 wafer sizes of a range between and including six and twelve inches in
diameter. The wafer table 16 is couple%to the XY-displacement table 22 (as
shown in FIG. 1 and FIG. 2), which efidbles the displacement of the wafer
table 16 in an X- and a Y- direction. Displacement of the wafer table 16

fofJEesRRDANI Y shisRiaagstsheveaericondustasimafernto d2ralagettheygaRferably
Preferably, the displacement of the wafer table 16, and hence diSﬁ_Iacement

COBMRHEcS SRRt arente plate khetebAt APEBHEFSIBEPHShCEAtFSINRgUUm is

apihle@9sitipaing af thasrmiconduptaiwarer 4318k thenRsRestRa RSN (JIE not
XY- displacement table 22 is alternatively known as an air-gap linear

ShEBEtiGAKY reherater- edp bR ehent e dasls i di s Misarpigsifsisapd to handle
wigsiliiate v highmresisinbedisnlprRma s ol thewknieniaiée iiadhex- 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

TIROSIRA NG 1ef thesseinjtanes eierwalekJidcahanperbrthereghoatithe FIG. 1 and
inspection  position. Assembly of the XY-dis%Iacement table 22 and wafer

Flpntd ishsaahiedind isplegampi ol iborarsrdabls ioiamrs*oande shoirsston-
Displacéntnebsaib shoskaple2(bvibratiposdapthtaiepruee fainess@fiidi&tor wafer

assembly and other mo cessories mqunted thereon. It will be

| pReReatBa Y a B@?@%ﬁjbli{zeaﬁ&% iarffﬁ%a&ﬂ‘ﬂﬁﬁ’t Atethativatohddhleniknapf hence

disjtvicasemay i centoddocasrusegmithphesdaierdah)es 1o sosikallifioy toatrolling
displacement thereof, and foy facilitating high precisjon fine positioning of the
thé, 2RY U8R St ﬁ%a&éﬁarﬁgoﬁtﬁiﬁ. SSPRAHARSPREHER of Bhe” Y-

dissiaveapauebl\wafdas hdandetecting passibie dafesls themqivistipefomaedXy -

.While the semicqnductor wafer 12 is in motion. This is 1o say, the capture of
RRECR Y BGHRHRHE TTRE SREF dA KT D griAe Displacement

ofsewicaitetciblevadein LAPrEfesablyyocalis asmthe sanicomehictofesater Lidistion
being displaced across t?}? 30 inspection, positi n.AI}t?ern tively, every new
TSRS GRS 55 iy BE O 23 BIRALF e i 5 TR et and
accapirpdiigbniagaltionsinagashit ihiewiser 52, ohagsed dytheregf aanthingdpection
wafer table 1 &g.e tg% gw re control of the wyafer tabl 1%A reviousl|
PoHUoASE HRD < 0 HAF SBARBALEE dro i ithe KLe o dpianted on
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

semiconductor 12 at the inspection position.

The inspection of the semiconductor wafer 12 for detecting possible defects thereon is
performed while the semiconductor wafer 12 is in motion. This is to say, the capture 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

inspection position. Alternatively, every new semiconductor wafer 12 may be stopped
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5 second tube lens 38. Preferably, the tube lens 36 is positioned between the
objective lenses 40 and the first image_capture device 32. Illumination
passes through the first tube lens 36 dfore entering the first image capture
device 32. Further preferably, the second tube lens 38 is positioned between

urlf\@ eRiertiveiiensRafA0and shesacantinagscantisd, dgevieendd: so chooses by
lllumination passes through the second tube lens 38 and deflected by a

Pragregrmiedhe s et dientarsrf ke conhal inh Al ealstipblgdvite 34.

Each of the number of objective lenses 40 has a corrected aberration in

infinity. Accordingly, after passing through the objective lens 40, illumination
A%PTF@H?%%BWH%%B‘WH&%{%EQ [HERHRSABIP TR i e eE 4R 36 and the

seobjactie lens 48 apebraghL5es thedinshiube leno3eand ReRventuke iisctive
38 is collimated. The collimation of jllumination between the objective lens 40

lengcy 2% EAbMR ST dMAge TEESslaHacHS: SBEBHETARPASTRS a eintheelrst tube

le@A36 BodHexiilityofhiasitioning ot gach dethecf5st Mager patiieldevieaddnd
and the second.image capture device 34 respectively. The implementation of

tuhrdsinaddnesiganab batucenhin astHicleRtric fetBd b IRnTRRG IBIE 2 6pture

desitenngraashotihie fiskimage ga My cndeebddand thengetand doagea mirror
capture_device 34 when different objective lenses 40 are used (for example

OrRHER differEHCHAGHR Lot RRACRAEFRRBIR €BY 5 ditidition, the collimation
of illumination increases ease of introduction and positioning of additional

optical components or accessories into the system 10, particularly betweep .
Eqffe Sbj O TBRE 481 aRD SR o DIETIAY (1B oSS cHRFRAIRR Bl ity

Adubriipgly 38ftcurpaesipei@iobbh the cobjsatien lehdluminationi enakiesr inmgitu is

introduction. and positioning.of additional optical components .or accessories
coflBatR o RO saH TR NS B B e A SR 65 P AthaBh cach
oftheefifsistubd denrs $36 canalithesadondiuhadens 38 colingittd NEed doNimation of

...reconfiguring the rest of the system 10Q. In addijtion, this arrangement helps to

R Ao g e PR LAY b A5 1UE 0 tha ond the

seeeindi catnoleatos Suafkink2s eass pateildabilay effyssdivhiy sting dnoiphecis. idthge
er.working, dist c?és betwe%n the objective Ien(f‘i 40 angd the wafer i

Lon
CORRSEN e AR ST ANBRE R IAARN, 4TI ek elGrBdsavely. The
infdEreaiatech by thparbeeakidedb)n shesart linahtnes shstesadli0 afftias illuminations

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
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 system 10, particularly between the objective lens 40 and each of the first tube lens 36
and the second tube lens 38, without a need for reconfiguring the rest of the system 10. In
addition, this arrangement helps to achieve longer working distance between objective

lens 40 and the semiconductor wafer 12, compared to that of used in existing equipments.
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5 present invention allows for flexible and in-situ design and reconfiguration
of components of the system 10. The system 10 of the present invention
enhances ease of introduction and removal of optical components or
accessories into and out of the system 10. 10 The first tube lens 36

Léasdialekins using Qisaqitimaieshdlvmipationeoim hiri ifet WhRISs RERIRY to use
plane. Similarly, the second tube lens 38 facilitates focusing of collimate

dagkftalddtiBmisatiome LecévdYimage capture plane. Although, tube lenses are
described for use with the system 10 in the present description, it will be
appreciated br¥§ person skilled in the art that alternative optical devices or

It it pherriore Prapmecsidadkdy enaning thiledimahser hithilsatisictdreof the
preRetifigalntion brgkieldidiuminasien angd darkfieldidliwminaionscantutiigtion of

subsequent focusing thereof onto either of the first image capture plane and

cofpsEshafiMEgY LB phneyePetdivdiherpe 1 iRvspHCaprira e viaee of

in#8duatl dhaREEanehViN 308 RRILIERIAER Sdrake fRiesaiyo 20Pesit@MB system
along adjacent parallel axes. Preferably, the spatial positions of the first

mage capture device 32 and the second image capture device 34 are
determined for reducing space occupied by the first image capture device 32
cond image. capture device 34 such that the system 10 %%cupie,s a

T‘%?E&I%g?‘{%?faﬂle&%?(ﬁaé’.“i‘éaéi‘)%@%c-‘é%ﬁ@é?ﬁf. EfeldpRindion aibetsHiapee

capamphisesea smber oftheantsplitteiscanamdgorscalitdieetsiRisuriecesiiihgted
.,,beam splitters and mirrQrs or reflective surfaces are preferably positjoned for
lllam%m@ltﬂ%t%%ﬁﬁ%% rmﬁﬁ?aﬁmﬁ%afﬂ?s-ﬁ%ﬂ&@nfﬁhﬁ%&?&ﬁ@%éﬁ%ﬂ;&ﬂ for
usef §heh o anglendankfialdhid yrinatode&apaonioh anglecapgieldalddmipatioserson
30. 30 Preferaply, the system 10 further comprises a central processing unit .
5535 i A CH OBy 5 LGS & CEG HOWN H oLt engaehne
coftigizsivanst) i Minaikdtionis MbrepspiRiabi ¢laairinadyRom munitatadieand i ok field
.Hcou I?’d to the, other om%one ts of the sllysiemtlo,.for e?m%)lﬁ t?e first )
TR Jac RPN (REUSIOHFFRA SR QBHFE ChdlrcE sl Mg eapture
pleaphueth byt diistdprage wappliadeyiae d2Bnd the second image capture

device 34 are preferably converted into image signals and transmitted to the
CPU. 5

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
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
reflective surfaces. The beam splitters and mirrors or reflective surfaces are preferably
positioned for directing the brightfield illumination and the darkfield illuminations from

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

Preferably, the system 10 further comprises a central processing unit (CPU) with a

storage memory or database (also known as a post processor) (not shown). The CPU is
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The CPU is programmable for processing information, more specifically the
images, transmitted thereto to therebryﬁdetect defects present on the
semiconductor wafer 12. Preferably, thie detection of defects on the
semiconductor wafer 12 is performed automatically by the system 10, and

profee EPeRfcRINI P thenteRidatabitheRrsfeaiiedhs 4R ipgRecipshents of the

semiconductor wafers 12 by the system 10 is automatic, and controlled by

sy Bl fouremnle peisiieprasierpbire dlfichdd s Warsssond ignage Capture
desdtedinnphdefagaic fasilitatedhyinlleashperaandal IDpiHd The CfddSmage
programmable for storing information transmitted thereto in a database. In
capBIEdtiisT, e PR PHyframiRsiaddMer Mags HERY tdtd drapsautsciéo he CPU.
addition, the CPU is preferably programmed for storing processed
information, more specifically the processed images and defects detected, in

ThedaalsaBESEMRARD e flisPragETIMY BAPHIRLIS iMateSPRTilelyingofmages,

traRpiited imagestamtaaiedinscoideiestprrdhe semeaRticlduvRiErSate 12.
are provided below, 20 It will be appreciated by a person skilled in the art,

Pref5rdne BesSnlsaR hrolidelF sB008, hrastengusield Wilitinkfiolf dfftiged
aufisa@aslyapliac Rystes hinghiidelsbibupbasiosI BOb ek toRdarktiglst preferably, the

. illumjnations emitted from each of the low angle darkfield illuminator 28 and

in$Rechiyh AR gaPeHEIaTiNATRFaler B0 Nsereilnitd O risraHel i G Ra e Hsd, by
the TR0y ReAA dlyminatinpeiddardielicbighasgle geloHA umisatidsttion of
respectively) each follows a different ray path or optical path. A flowchart of
deﬁ??@%é }ﬁzﬁtﬁﬁls??%é;tx athoms UWPBY the brightfield illumination is
shown in FIG. 10. 30 26 In a step 102 of the first ray path 100, brightfield
illumination or light is supplied by the_ brightfield illumingtor 26. As previousl
T o S TR DR I AT GRB o E  dAFR he fPgDase. In
addpiiegl thbal ”1 thephyighitfielhitUiatinaias Bt Paeferailvic Hees firstadatieal fiherCPU

. directs the brightfield illumination emitted from the brightfield 5 illumingtor 26.
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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.

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
angle or DLA illumination and darkfield high angle or DHA illumination respectively)
each follows a different ray path or optical path.

A flowchart of an exemplary first ray path 100 followed by the brightfield illumination is
shown in FIG. 10.
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The condenser 44 concentrates the brightfield illumination. In a step 104, the
brightfield illumination is reflected by :zgrst reflecting surface or a first mirror.
Brightfield illumination reflected by thetirst reflecting surface is directed

towards 10 a first beam splitter 48. The first beam splitter 48 reflects at least

Ina RFpIaDPbIhaLightig iy minatierstikina 1 theraabtodN ;RGP sl@)?lied by the
Preferabl)ig the first beam splitter 48 has a reflection/transmission iR T) ratio
1

brightficld HUMNRGet8r B UPIGEIRISEU By H BB dorikilsi@itiiFld ditumipaten is
praRRblyratiael thedirslipamsnbillen i sambsadiurirri RsmaabetiQfreferably,

controlling the _intensity or amount of brightfield illumination reflected or

they fishopEgah SRy dHersoiignbiigh titeldhiHapinsEna sy tisd ihomr dhp yighttield

ilngHliteA2 6 dingcheidhensadtsitheniiRRe pHaRrABSitinRsMareReciicalieiler 44.
brightfield illumination reflected by the first 20 beam splitter 48 is directed
Theserdenite Bhigogoatales s Boshicid HrangtioBove the 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

IngodpmhY tie sl tbmypioons s8fisrigahRia i ssons Syinea gy first
mifierbBefiiile dnminatalodteasedawised atdhe NesRecinmpesit@scted towards

illuminates ihe semiconductor wafer 12, more specifically the portion of the
a U REBMAREF 7aFer 12, positioned at the inspection position. In a step 110,
the brightfield illumination is reflected by the semiconductor wafer 12

positioned at the inspection position. 30 27 Brightfield illumjnation reflected .
T}B‘yfstﬁé M SBHEGEE, x&fﬁ?&ﬁaﬁ %&é&%@?ﬁtﬂsagoﬁ %%bss]a@%ﬂ@ﬁ@abﬁﬂnaﬁ&mg
thsteghiolid Ay @ViOUSIyfeRastioneditheabjesiivediens K hastRctoreeifanission

erration_in infinity. Therefore, brightfield illymination passing through th
R ERRL A 1 ol P ou P PSS on g A M B gart Tt the
R/Magnificatior of& thexbrightifield sbuminatonihy the magqifying fiensdstrolling the

. dependent on the magnification factar of the objective lens 40. Brightfield
AL BH S DL B A TP G the first

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
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
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
brightfield illumination is reflected by the semiconductor wafer 12 positioned at the

inspection position.
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beam splitter 48. In a step 114, the brightfield illumination strikes the first
beam splitter 10 48 and a portion of thereof is transmitted through the first
beam splitter 48. Extent of the brightfi@l7d illumination transmitted through the
first beam splitter 48 in the step 114 depends on the R/T ratio of the first

BiRgAeRPlillan At Riightfisidediwpination Hrpamites Wirrvain thalst heamh the
splitter 48 travels towards a second beam splitter 50. 15 The second beam

obdeftineg BhbAthinsystism 1P is bravsrdpiPly Copti edntBp IRRIFEE chistindQ has a
coprededesingdoR /i ratihifrefexably e REhtrale 8GRI hEati@omay the

be varied as required. The cubic beam splitter 50 is preferred because_the

objemivplan SPiitecboreintdyithaiRBIFSH YelewetP il B5SHS thgrepridigation of

thoanshitivill therstereoher pRREesAiathiNAlee sRndskilerkin Hietast thatdiiRation
confi%uration and shape of the cubic 20 beam splitter 50 will provide better

fagfarrgihsrRides YR HENt for this purpose. Extent of illumination reflected

or transmitted by the second beam splitter 50 is dependent on the R/T ratio
of the second beam splitter 50. In a step 116, the bri%lt'field illumination
[

Bughtheldpiisupaiionpesingotiar SohendIsrgrtden Huminkpordsterpg e first
bapAsp IRRitEs.i$h @ithiep transmitiegstherethouah sisefiecked theralybedm splitter

tfield illumination transmitted through the second beam splitter 50

Brigh [ )
ASANLASRRARR! Eh"éf?%tsiﬁ%@%néﬁi)m‘&‘&%éEesféﬁs*rh%aB‘ri%tﬂ@fa“ﬁrﬁﬂ‘ﬁa‘tiBRthe
br@sseR thnaughativh fitish duibecte tisrdGeln thetapsil bBaefgsptentasng the fitsh 114
image capture device 32 in a step 120. The first tube lens 36 helps to focus,
dejpre ﬁfh%?ﬁ%ﬂ@ﬁ&@%&hﬁfﬁhﬁ%ﬂ IR %tfm‘ggﬁ%t&ma?@b%mﬂé%fﬂed
thibeglirgidMage capupedeveas21Saghiiisld ddusnination fptivsed®8 onto the
first image capture plane enables capture of a brightfield image by the first

image capture device 32. The brightfield image captured by the first image
Tleaptdoadlbaerissprefer adolyotafvesiednd tddrpagersignalscubie beagesplitter 50

SRS A o fouloated e CELL TS b
vafiahsfesgdrbdightieldbinagas apdittee 8(pislpagtone Biqaineaksedtiy bewh splitter
SOStsc,)pr 1tds i?lltl?rgin%tlzi)é%f 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
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
the first image capture device 32. The brightfield illumination passes through the first
tube lens 36 in a step 118 before entering the first image capture device 32 in a step 120.
The first tube lens 36 helps to focus the collimated brightfield illumination onto the first

image capture plane of the first image capture device 32. Brightfield illumination focused
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10 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 lens38 in a step 122 before entering the
second image capture device 34 in a step 124. The second tube lens 38
oi¢BRt9ifackaine coitimatadderigniirid dymivadion optenthasesand BPage first
_ capture plane. Brightfield illumination focused onto the second image 15
imagiepBtMed&Vatfattes capture of a brightfield image by the second image
capture device 34. The brightfield image captured by the second image
T%?‘B%Jre lane is preferably converted into image signals. The image signals

il dmasrsarinsRteYotha diRidareE 3RS 2lresply Pigfsrably converted
infbARSBiSSiOmAT MRamSigNAln i he PIesraRMADIMAARIFRUEsIAASAIRY . the

as data transfer. Transferred brightfield images are then at least one of

Chrochlederpyrantiontsietiiethe 88l 'R AovEldt b aicekantpiary S gmsfer.
Treay Aty 2ibfatiewerhydhadandield gk angle3RdEdkkAd ilniBliends in the
shown in FIG. 11. In a step 202 of the second ray path 200, DHA illumination

Cll:gjsupplied by the high angle darkfield illuminator 30. As previously
mentioned, the second optical fiber preferably helps to direct the DHA

illumination supplied from the high angle darkfield illuminator 30 30.
Brrbéﬁff@?ﬁbw}%nﬁm RS i<hir e fo BORRa SR iﬁgpté%‘ffgﬁ HORRidh the

seéShvithatd eapeed depassSAnmugbriphifal COMpENANIS piRESEsUIBSHOEecond
example the objecgivi ,%ee?s 40.In a st(-ﬁp 204, DHA illumination directed at
el TS pdctbA PERition REIRHLREB thE SECafhiTHRiuBMrafsy £s, Bt hé step

12@0rtied dhwieb tupesHieresihal fhedrspectionjpusitiand Raflactad Maination onto

illumination from the wafer passes through the gbjective lens 40 jn a step, .
b S COP e BB e e e L LPHREAEE ABERSSTIA MHfsord image
capalliensitet thebldks! Aaiunei DAKOK igh BN lihesetbyolghdodhe istepe2fipti@ device
DHA illumination passing through the objective lens 40 is directed towards

34the 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

THQ’GP l!)lpi‘g{lélselc-lr Prgag)e(tceg]pttgrfed 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.

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
darkfield illuminator 30. As previously mentioned, the second optical fiber preferably
helps to direct the DHA illumination supplied from the high angle darkfield illuminator

30. Preferably, the DHA illumination is directly focused at the inspection position
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transmission of the DHA illumination through the first beam splitter 48 is
dependent on the R/T ratio of the first heam splitter 48. 15 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

witRbtieh Shkclirapspaissitiroatkelipation Qfpedehts dlumipationdstrikindtaenple the
second beam splitter 50 is dependent on the R/T ratio of the second beam

obigsfing 1505 48 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
Infécﬂgpﬂ%%‘éom tdUPIRiMnsReRi6H BhtBerRsRRStiGMARGE dab s BraiRddry the

sethR digh ioRr0eaEaP e sHeieeh3aidaHAeilbMipation fag Ut et O Mepestihie Hosition.
Rima egipaﬁtgr,e plane enables capture of a darkfield image, more specifically a
pH

HILHBIRA oM AP Ee By theafitet ageh Rt tidyidensA0 in & step

208ltamnatvplysi RHenlumiratien imsefleciestky tir-saaendibaamisplitirirfics the
Reflected DHA illumination, from the second beam splitter 50, passes
a8 RepRgEHrosg sk ih%54§8999:6 before entering the second
image capture device 34 in a step 218. The second tube lens 38 helps to

focus the callimated DHA illumination onto the second 30 jmage capture
Dﬁréﬁﬁlﬂ?‘ﬁ?él%(?&ﬁ%il}ﬁq%%“égﬁh?r8bd"e‘i}f88 IghS AR SIERFIFMIPATS R e

spiheesagond inagexomptiie plasei Bnanies aapitkeofhr dskiiRichinggiggsrdsrend a
specifically g darkfield high angle (DHA) image by the second image capture
PORROeACS! AU B pi¥ s r]é?flﬁ]atfpggﬁrfoﬁ%w gyFiignt of
traierkfis]on @n @eghH ADILANiHanbAatiesuishsiheirsinbe i, shlitieadstep @prdfent on

t ird. ray.path. 200, DLA illumination is supplied by the low angle darkfield
thﬁm%tﬂ&%@"ﬁ!ﬁéﬁ | %ﬁﬂ\égﬁié r preferably helps to direct the DLA 10

illumination supplied by the low angle darkfield illuminator 28. Preferably, the
A illumination is directly focused at %e inspectiqn po iéi(on ithout a nee
DR A € P o S LGB R B e o the
scobjechygnledisiéibr 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

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
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
DHA illumination, from the second beam splitter 50, passes through the second tube lens
38 in a step 216 before entering the second image capture device 34 in a step 218. The

second tube lens 38 helps to focus the collimated DHA illumination onto the second
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In a step 254, DLA illumination directed at the inspection position is reflected

by the 15 semiconductor wafer 12, or ':Qe portion thereof, positioned at the

inspection position. Reflected DLA illdination from the wafer passes

through the objective lens 40 in a step 256. The objective lens 40, which has
inREOURRIAd pharaliaRdrdBiRDntRlmaesdhR vIRb A4 UnHBaliahRASEIYfocused

therethrough in the step 256. 20 DLA illumination passing through the
onipjdkeivirrOme AireairetBidoNaTEs R st BRET lifefakiivld snggosgore
sptherfoafy i uaoatiam siHkas thelirah beant $litierd& andaRariin theserkis4.

transmitted through the first beam splitter 48. The extent of transmission of

the DLA illumination through the first beam splitter 48 is dependent on the

A Ridwatigrobthe frgt bpany splitterA8p2h Db tucinatiey irRNgmMHRAhENARgle
the first beam splitter 48 is directed towards the second beam splitter 50. In

(DL &r:Plomenatiandt aRAiR&E6h Hrikes the second beam splitter 50.

Transmission or reflection of the DLA illumination striking the second beam
splitter 50 is dependent on the R/T ratio of the second beam splitter 50, 30 31

Ingsy Semcmmaidhe (aRd it thrdliy e JBeBrRrEeRAT SPRREFEO A& angle
dalitiieti@ hi heniikatofube Iens 36iHa dsiepl 266:beiarR@Blpringphedighifiagr DLA
...capture device 32 in a step 264. The firsfj tube lens 36 helps to focu th%
11 AEB A L it I S e S IMdgH BLPRIE prarld BFHAYirdbe DLA
illinagaicantudadenidocdkde DA BLURPalDM ipsuised et the Ddistipagethrough
ca%iure plane enables capture of a darkfie|d image, more specifically a

ORGP FEIIBAPSHYI (TR 1Fialfs B IRITiFEE PREGE Ealittd Yevice 32.
Alternatively, DLA illumination is reflected by the second beam splitter 50.

N the secaond beam splitter. 50, passes thro

Reflected DLA jllumination fro S gh
In oot A T B FHSISe SabafTe dinty S SIS he
seadptuticlovioe @4 ina stapa?p8rtidhethecondjuiitdans 36 thelpssiedacusptietion.

collim illumination onto the.second image capture plane of the.

R A A BT 5 T R e G 1 ALgiter
23mage: eipture plieae s0ablsisicaptuiecofractiar teltltivage, fmbhéty, collimates the
DLA illumination passing therethrough in the step 256.

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

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

splitter 50 is dependent on the R/T ratio of the second beam splitter 50.
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specifically a darkfield high angle (DLA) image by the second image capture
device 34. 15 It will be appreciated by a person skilled in the art from the
description provided above that the DHA illumination and DLA illumination
preferably follows a similar ray path after being reflected by the

DEAMIRARAHEI waiehilidd Hevemehdhesreandaypnath 208L6ctharidh the first
illumination and the third ray path 250 of the DLA illumination can be 20

tubsdRAd SQIP AirE P82 PelRifrcagEmng oA IRk BRI H IR s B A B aiEB R 04
THBEiAPAIes 1atsyshiePidéullupivatianradha Bluhildmynaies siikesetmage

semiconductor wafer 12 positioned at the inspectionﬁ)osition may be d onto th
L Bfe onto (&)

caphjifsilanss e t\nirBE fdMERn&ABIHE deXisiady-JPhérdbraEmaLR

filtkamaie, taprarglgamt whishiheafitid ipmitationeandmiie Dindriiupisationy a
strike at semiconductor wafer 12 positioned at the inspection 25 position may

daplefigieh Jiedtraglsditing SRASHBYINSIEIRAREIPWEREICT S Ddsitioned 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 o

Algenatsieivabd captiranabords 38tlasirthBsdioferin &é%ﬁ@k&%&%é‘éﬂé&ed

Dprefgiahivtnvesedipteetvad e SigNa1iderBhiGhae shdsetUBa®¥cond tube lens
transmitted or downloaded to the CPU. The transmissjon of 32 . image signals

S8 ANCPUER 0PRSS Hig Al S5SPad ¥RARE SRS DEFAIRR Agell AndcpIeRS: The

seiBRgeseanibersbe:psleastoense olepronassrd ylandisiaiedtiodhentoPbeasecond
. required. As previously mentigned, the first image capture deyjce 32 and the
ImagE AL gL FES é%@@@éf%ﬁ&@@%@&fé?ﬁf &&;&tﬂmgﬁﬁ%f(’w%d

ontelafiiée achdthrigd hepisecoblhe: abigsivedansard0dpgethakwild thadiist more
tube lens 35 rbd the s cong t@ lens 38 facilitates the spatial positigning of
SPeA AL A SR ES I AR (DU A BRI P SRR bt AR BN e 55
will further be appreciated by a person skilled in the art that other optical
camponents or aggessories, fo le mirrors, may Qe used for directin
1t 3T BRSSO BRI Ao S B AT Vs sipove
thiachsabpg\ theuspatiddpasdi®1iag tlthiiishi mege daptisiodayiceiddlanchihgath
fsegﬁ)or.ld image ¢ tutée device 34. Pref%{ab%é%e S atialt%osition of the fléglb ¢
A DB B ARt e B S P I R LG OE’a‘%’ﬁIré g jax A aHY ©
thyvilbHafeilbnamioisheansd paetidnrpositiopathh250 of the DLA illumination can be
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
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,

which are subsequently transmitted or downloaded to the CPU. The transmission of
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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 inspectiondy the system 10. For example, the
fixed spatial positions of the first image capture device 32 and the second

inlRRASAARIW e PeYica RS WithvieapastdertReinsPealign LPSHON RrefetwhiM DLA
reduces calibration losses and adjustment feedback losses %ﬁ)ically ,

images crtdbeii théetlent AidBReSisrbRyalpstarredindds GPELHA&pa4ID 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

ASiREENIQHRH ST AR didBeE e FoR et P HE QdRYirfine MRfHRmatRsehimage FARture

detftie [ HENBINAtAeREMBIBISPhSMP PR tNG lalatilleninatiomelhaHinliBeof the
illuminator 52 Is preferably a laser 25 source for supplyin(};t?:hin line laser

ohjretivRatios. AlidhgatiieiyV it Tinfhst MbRmileator G218 ditsosaniphdube lens 38

fadlumisaiae sippabling atyeadbanehthindingilpeningtian. dhecthiplingd the second
. illumination is preferably directed at the inspection position, more specifically

IMaeheARIBIREEHGE ctor Warkh Bsthgshforrnicsalsd s paisrnpddiifshingthy art'that
otRéedptREN eahanales Jvhicleaande farisdapleaued; MAdivonsaiupadietting
mirror is preferably coupled to, or 30 positioned at a predetermined position .
thehrgheig i R R e o LDy tHamiatien ARG Gine
th%?@ﬁ%?@ﬂ%ﬂﬂgi'ﬂ'ﬂfﬁh@hﬁrsf_hﬁlégﬁieabthﬂw ¢ o) mﬁﬁiﬂtﬂ@é&&ﬁl&f}{ﬁi@g@ &bture
rerera comprises a third Image capture vice (hereinafter referred.to as
ANy - Rl m%m&%ﬁm&% =8, f%%f&}%&ﬁfﬂﬂ?f&fﬁé%ﬁ@ and the
seCandeiiae tapaiveddhrdnn linefileminatiorfieleciad tethepsaivicpositicior The

wafer 12, Preferabl tEeEin line illumination enter#ng H1%3D %of'le 5
fi B?Easlé’?é‘fb%‘tf‘sgﬁt fitdret Wﬁﬁ&ﬁ@“&%@ﬁ?’é‘:ﬁla SNASLLRBYORS B SRRt e
deSaqi B4 plafdmisigesbiitbes seniaonoieier inafarchizacihendbhopiftiai eyl wafer
. comprisi he thin line illuminator 52 and the 3D praqfile camera 56 is shown
inSRRTROn 1 15 ST ol o i % H PSSO A B ee
cafantbdSxprtimdldecaroend Dadfecamafteddaiarivatasespstt psafileinspection
'ectiveéenESB . The thi .(Ene. illugnination reflected b%/fthedl?erl?i onductor
s cedabac

P({%}b PEAR ﬁ%ﬁfahc 1 réBoBr qises and adjustmen osses typically

associated with the use of mobile image capture devices or cameras.

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
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
positioned at a predetermined position relative to, the thin line illuminator 52 for

directing the thin line illumination at the inspection position.
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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 illumination passing thrOL}cﬁﬂ the 3D profile objective lens 58 is
collimated thereby. The 15 optical inspection head 14 further comprises a

THeRGIRAS BRfeEse nith the SPtReoligrcabiegtive fensH8:anhiRes3k Mitfilanage
camera 56. The tube lens 60 enables focusing of the collimated thin line

capisinislins Shescinalsn safergedciontsrd Piessed e tierabi§hd) mnsdilfepanpya 56)-
préfithatie, IR pofilespiicstiviertens R anekthe IRPRlle Ramerdoat-éaeiialas, the

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

SCHUERIHC ipfe WRE2 b0 RFEIBY 1eths dbitviingHE R kit OfEes hieAD gy ofile
cagitdal3e Drpuefile samaradenapakignrasatitiedusing)additiops) eppeat 3D

. components or accessories between the 3D profile objective lens 58 and the

ingss IehdhgorerHEMHARE WRfitinatol B2 R Ficeemrigngge thin line

ilprsterblyongrr aie 32PreaResativelyswisfacditatings8® paofile 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
TiOoflipatengp&nEh iRz e the.aperalipn ek tieathsbjioevilustinaterthe andghfile

3D prafile camera 56. Further preferably, an automated 3D profile scanning .
cam S LRAES e BRI S i aB!5s PRI F By 1 sthgytishyline
ildhidhisrauwematad3Dipsofiten kepantgrandfiispechondsaf the semieensiociebfile

wafer 12 is preferably controlled by the CPU. 34 In addjtion, the optical
°W§B¥8ti%ﬂsh%%&?%Q‘?o‘?ﬂf?ﬁ’é’@staergﬁew?ﬁﬁg‘éa@gﬁﬁ - dGicaBY> e RRERle
objva@ge ceptuss depice Gdrigdasdexasmiiton CialohEameras ddoediayiewieagen line
...capture device 62 preferably captures color images. Alternatively, the reyie
iyt AT s b g iR TS
optitapénspition dexicesl hilpieleraptiscapttres keweo fnageswitihge 3D profile

semiconpductor wafer 12 for at least one of _confirming, classifying and .

U TPt T R BT I & SR LIS UFLl £ SFRA e of the
cospaetahihdad: Ithfunitheiososnpsises s aweve aghifiels dlunihatosoarand tabe
review darkfield illuminator 64 for supplying Qrightfield illymination a -
el AL S AR SR b gttt g itates
fleciddiviess ienbiiphiiiielebonfiguration 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.

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

wafer 12 is preferably controlled by the CPU.
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illumination and the darkfield illumination supplied by the review brightfield
illuminator 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

InCRRISS therainationmsypaiies kad 3 Alemstive NumiRalamsade ayamPiR ABE 62.
of that described above, for capturing review images of the semiconductor

TheARATY. THE TSR TSt e APt HetAEBYS reRlPaIY sl review image
captaRerasoledian imaeasy theysaryicendrGiasafes kembtidiagrant alshawingage

the review brizhtfield illuminator 62, the review darkfield 20 illuminator 64,

capiurfediaifshiageRidiRt FRoaes e B SRR Fhil A JiT Pattd et aRibsBERC 62

prigREBWdeshtinEiGeldvAiflRweN At Blcagaxesmplay fovsterray @ethad@bast one of
followed bY the_ brightfield illumination supplied by the review brightfield

comfifmior aP KRR Y e ng seEst delestad b o FeRUCRIHIG ALy BERR 12
300, brightfield illumination is supplied by the review brightfield illuminator

62. The brightfield illumination supplied by the review brightfield illuminator
Theoptigab eRFEAPHISId e BIRRE GATPEIES. 3y S PHstiFd Hlyntnaier 62 and

a dneinadigRfisIEiiRetes Dyrtive fiest sepprtivg svidaaRRO iAnchHireciedtaWRkdSicld
a beam splitter 68. In a subsequent step 306, thg brightfield illuminati

) n.
iIgfRIARGO SBREFHVENitdPSEBEN POIRESSARIEFe %ﬂﬁd%’.r@e&@a%mr%%h&ﬁdd
illinspeeivnpasitiodakrteat Ribiighidelchipusinstion refleetadibitthedgi@minator

splitter 68 depends on R/T ratio thereof. 35 In a step 308, the brightfield
6%|ﬁ?ﬂ§ﬁ%8nﬁ%geswec%ﬁ%el@wmﬁu@%orfmréitl%ﬁl,yor tib‘i%ﬁ‘f&%oﬁy the
seﬁﬁﬁdﬂﬁlﬂ@tﬂ)ﬁwﬂﬁﬂﬂmeﬁﬁ%gﬂ@ﬁfiglﬁeWmfﬁﬂ@g&ecbbrﬂﬂ&lﬁ&idfccﬂﬂdﬁu' " 'ftﬁr:iﬁ'ﬁfer 12.

asses thro a review objective lens 70 in g step 310. Preferably, the .
AR 615 oAt TSI (TS £ B e BB aRER SR R cABRyicd bY
althehibeighthelehtdumifoationpprs kg tbfatighdbe b wbobie diye 4pRging ikview
. the step 310 is .collimated by the reyiew ohjectjve lens 70. In a step 312, the
1“1?1%8%1.‘??&5"“%%8{1 WCLRRiREEShd he ki Spiifid ‘é%agﬁ&aé’%‘é?t%%v“fﬁe?ééﬁégmbly
cafransMiffgdriheretibrougipcs it ot thie didabtteldatitniation passing

through 10 the beam splitter 68 is depending on the R/T ratio of the beam

splitter 68. The brightfield

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
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
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
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.
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illumination then passes through a review tube lens 72 in a step 314 before

entering the review image capture deyice 60 in a step 316. The review tube
lens 72 focuses the collimated bright teld illumination onto an image capture
plane of the review image capture device 60. Brightfield illumination focused

InANstBE BDRaBCBRBHE Ml@MBualithe dP ket ifaageRaRte B8ticPYafer 12, or
facilitates ggg)ture of review brightfield images in a step _318. The collimation

Postitie Hidetfiel@MiliARTicH bdveBAPERiifayieas S ctilBeefftretethabiightficld
i11tRYIEWiS4bpalars drdIelesaflyifacilititeswasaofintipduction pfpptiedrably, the

components 20 and accessories therebetween, In addition, the collimation of

reYARbrRIMERENF il RSRTin ABoha e et gt dedRsiiabiofe ctiv e IEWeN0 ARePdEnely, the
brigvigwdubedensiod pisfesaabhrenablas dexblepRetieniRgsan in the step 310 is

reconfiguration as required of the review image capture device 60. 25 A

Coﬂﬂé%%‘ﬁé?&?éf%ﬁ{%‘ses}%ﬁiamm\l% Pth 350 followed by the darkfield
illumination supplied by the review darkfield illuminator 64 is shown in FIG.
16. In a step 352 of the fifth ray path 350, darkfield illumination is supplied by

InygesteRiel Atk Tt Atin S PeRRtaRe SRR RF iR SREHCUpDIRY! By Regtion
thERMLEY &aﬂsﬂﬁl@kcﬁﬁl@ﬂaﬂﬂéﬂg@gﬁr Eﬁté%ﬁﬁfﬁ%ﬁlﬁgﬂﬁf@mmmmld)%ﬁ%ﬁ%@ing through
inspection position. In addition, the darkfield illumination supplie the .
thecRnam PAHAERS iffshedrs 2 s rdietdBRP S8 B oy i iﬁ%pﬁe%bﬂghtﬁeld
illpesitivnatixpredete misechangleiteyarizantzt planete) et BefvicvntiGigrthe

wafer.12. This predetermined angle is preferably a high angle, and can be
reyi§itistBRSss %&%rf‘e&mﬁ?gqe%dﬂn?qa@g Swrl 85 AN ﬁi|181asiﬁ%r?§a?ﬁe% the

colii@:ftep b3t iheddandigid dbimination ismigfledgehby hemeofic@pducion image

wafer 12, or portion thereof, positioned at the inspection position. Th
R e e A T RS

revidwhishste anarel fe, tarkhetetilivndn atipnrdassivgethrotght fioRi rieniges in a step
a1 bjective lens 70 in the step 356 is collimated by the review objective lens

0. 10 In a step 358, the collimated darkfield illumination strikes the beam
splitter and a portion

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
between 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
supplied by the review darkfield illuminator 64 is shown in FIG. 16.

In a step 352 of the fifth ray path 350, darkfield illumination is supplied by the review
darkfield illuminator 64. The darkfield illumination supplied by the review darkfield
illuminator 64 is preferably directly focused at the inspection position. In addition, the

darkfield illumination supplied by the review darkfield illuminator 64 is preferably
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thereof is transmitted therethrough. Extent of the darkfield illumination
passing through the beam splitter 68n'§, depending on the R/T ratio of the
beam splitter 68. The darkfield illumi {ion then passes through the review
tube lens 72 in a step 360 before entering the 15 review image capture

diflRvige.behin iasplepi S podifiefalirihpidhentensnéd fRguses heocimaifgne of the

darkfield illumination onto an image, caEture plane of the review image

sepipenreiativaien | barkitcmeesimi e areleRAdiehasisr e plsRe be
adPidRE FENGU I AGR CARIMNR, HEVIGR R {86 ljaiem cRAtbAaPTHENew darkfield

Images in a step 364. The collimation of each of the brightfield illumination
and darkfield illumination 20 between the review objective lens 70 and the

In'@\4RYY Bue tendarRfenbaneesRase of derierdasndaeniatatianceiReafer 12, or
s%%em 10. More specifically, the caollimation of each of the brigfhtfield
[

POTfiRRiHAHEN s GaraTEd brRIREEERRIEER thRerEHErIChaEkiel ety menation

thangdfiesr gy iiube levisw d5ehanchn €a6n0f PRITeBINthedeATiigaraian Rftion
the review jmage capture device 60 with the other components of the system

Pagynh o 4B Eetiii 8Pl rd cHni Ihhsaiianaus e immted Sydlis review

objeetion&isthe. review brightfield images and review darkfield images.
Captured review brightfield images and captured review darkfield images are
preferably converted into image signals and transmitted from the review

Ininagp ssRtte deniae&d dark3R halpregrmmakle Contkdien whrie thrlyGastion
be processed, and stored or saved in the data . 37 The review image
thenedf 1 ISR SE %ﬁm@ﬁ%&%aﬁa%a@ﬁ%fﬁ?ﬁe}gﬂwm%oméa&) rough
thposiiarplitierfosed septiadpesiion ORITerktd o iipagarbapliverdsyitadarkfield
..,preferably reduces calibratjon losses and adjustment feed losses = .
i SR LI DB RN FHadR AR SBUE0 b cntering the
recRMelaggiNaisuthepresesinghstatespestd isho Moahtiohimdvantage okfixed the
osition of reyiew image capture device, made possible by use. of tube lens
comt5Y St o LRGSR, B A CARREB LG rS0id4 BB ioge
cappnagedecaptwedDildisib il dtisih ebapapise shyibinatien dsplatorpl2de of the
which are collective]y kno s.a 10 stabilizer mechanism. The system. 10 is
e oS BN G I SE GG 4 TeView GaTkrield Fece 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
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

and review darkfield images.

Captured review brightfield images and captured review darkfield images are preferably
converted into image signals and transmitted from the review image capture device 60 to
the programmable controller where they can be processed, and stored or saved in the

database.
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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 the system 10. The vibration isolators 24 help to support
and stabilize the system 10. Each vibration isolator 24 is preferably a

Tl@weﬁiﬁﬁééﬂéﬁ%l{@eo%ﬁ%ﬁ% whChaabsrbg G apad 2l Spafiasionsiiave the
thereby serve as a buffer for preventing transmission of ground vibrations to

ingRecodraipsitipe,l BreliErting il 2Raeenth i S3iSINy B1REF iR eff¥iss 00
prife-systesaud aveiatiossisolatarsd?dhinintieemhraraeguatipichinagttiated

captured by each of the first ima(%e capture device 32, the second image

with thsresaalieble imesss Hbrrdexifet 8T samasHA A idReoRisrsdinsostalsgent
is {0 erekydimprrae.duAltx&f prspastion @l 1be i3 seminanrdusiaranvatlclpbssible

An exemplary method 400 for inspecting the semiconductor wafer 12 is

DYoHS A i My T X P BRAB G B R BY thE TSreSshEitidmagre fcreview

dafiRRe Riagkaws ehpiecaxemplary method 400 is shown in FIG. 17. The method
400 for inspecting the 25 semiconductor wafer 12 enables at least one of
detection, classification and review of defects on the semiconductor wafer

THesyEheneperglany onapradAd0reion spesiing sewitendusctl @afeesy Idown as a
t;it_ili,zes reference images (also known as golden r%f;rences) to which
S

HeGHASFRABEE of theS¥Eii Ol R Yo BD W ARSI 8" e (BE DERE A Rl tors 24

orleasiioRe ptdeipstingehassyireand e viemsf drieeisnoptterseinicengsieiar 0
wafers 12. For purposes of clarity, description of an exemplary 38 reference

Coﬁ‘ﬂ?ﬂfﬁ%éHIEiS}PWb%é%OW?sZérS\%‘géHOBEfBP@‘Mé Y é‘%ﬁfﬁﬁ&ﬁ%’ﬂﬁﬁé’ff the system

10ex@iv plarytionekiust 10 04 THhepasanpiary deletebiednags xaation prreéessration

. 900 is_ shown in.FIG. 18. Exemplarv Reference Image Creation Process 900
L3 Lo OB EFIRY biPUE TG CHE b ROSLEb OB M Pegiperos Sround

viBeIt@iisio ghardbe datas mindsh flentoe pafviaieignemsagions of gheund vibrations to
semicon&ﬁc%bwafer 12 is loaded. The recipe is referlaﬁg created or
a t

the, SSE R R AT S BTt R BV S VASBRRES LS the system
10neuuEbyaciraieslaione 1 diph cartkiestergahintihss dataleasambiibe ©Pddch of the

Alternatively, the recipe js stored in an external database or memory space.
ﬁribtlmage cal%ure dev1cg gi tﬁe secondallmage capture &ewce%é?, ti;ne g?) }%osfﬂe camera
56 and the review camera 60, and to thereby improve quality of inspection of the

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

defects on the semiconductor wafer 12.

The exemplary method 400 for inspecting semiconductor wafers 12 utilizes reference
images (also known as golden references) to which 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
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Each of the predetermined reference regions represents locations on the
semiconductor wafer 12, which is of ?%unknown quality. The use of multiple
reference regions helps to compensate for possibility of surface variations at
different locations on the semiconductor wafer 12, or between multiple

reUAfRES i1MHEH SURIRGE PRUAIOTSINCHEGideH ibbiors el diaieshbipo fliffeanii@lary
planarity and illumination reflectivity. It will be understood by a person skilled

midbitb A chie (R PRIYETFRIRREE ST e teRaRERfeas &lonshAny feplesdft
an entire surface area of the semiconductor wafer 12. Alternatively, the

ExerRpRIS ReReenaE Mhaie0f FeaditR P otRedaTD may represent multiple
predetermined_locations on multiple wafers. 20 In a step 904, a first

Iny dreisRoa b dtbriis SEfEaBes IH &SR PLpspe0R0% precdsnshuising 2

prodénbenited hahiveges e IRA Kb thafifshtanignetpositien of thevaded. The
selected reference r%%on. More specifically, the n images are captured at

regiREHS BretfEtBhTFRAITO CAAEHE K thieé SETBBHLE RMEPERE &Tg R, RASHERGHa the
rel@s@tioneiifa 15 peadatemineecipeatianvef ihgselpcied referereeJegikn CpU.
can be varied as required and facilitated by at least one of software program
AlSTaatsAYalR SeR PPHE sr‘i%%&b%“c%iﬁ%%%éfé%‘?@%f Q5GP T¥SBRGhe of the
first image capture device 32, the second image capture device 34 and the
review image capture devijce 62 as required. 30 Alternatively, the n image
Eagh it RIaqssihg s ffsf@ﬁflﬁﬁaa@%%ﬁpw CRRLHARMATIORS Seate Ryuctor
waRptrevafitheindMagasaanbgualiedias iBgwretu@iplt atdeienaOraiammeps to
one or con&bination,of the I%ghtfi Id illumination, the E‘ﬁA illumination and 0
CORBIBYAC 1 HRinBETL EBior! ast RSN SR MM he dhufieishs 1958 on the

sefifpbutRabtheaferinmgeHearntbemealapledvass \autecsiafatequiiatobs Gapides but

of myltiple jmages at each position preferably enables reference images to
arp OGNSR LA I OO I e i Gtagod
byan ¢ &cor rslaiglied) im elan arysBat dhisipgedapiuithed thenibéerenesdroagesegibis may
methaod of reference ima%e cre ti(ﬁn minimize unwantgd iﬁgue es otr. h
TeRYRSERL AR S GEES oA En g clA8sTHENABRT IR 10 Pi atlGns DETRRRKE Ke the
pritionimaiied aandlitonss Incdeldiii@n régions may represent multiple predetermined

locations on multiple wafers.

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

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

The n images can be captured using at least one of the first image capture device 32, the
second image capture device 34 and the review image capture device 62 as required.
Alternatively, the n images are captured using a different image capture device.

[lluminations used for capture of the n images can be varied as required, and are for
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10 number of images of the selected reference region may be captured for
each specified illumination condition. Preferably, capture of multiple images
at each specified illumination conditiot’ facilitates a normalizing or
compensation of illumination variation from flash to flash or from strobe to

exBifiie ohe ShedmbadRn AJe Reeterakiystomeshihte datrbase OfitheniRibn and

Alternatively, the n images are stored in an external database or memory
thehled Hratiatien. Gl saplantsniichahig diaipriions s edduispraes afdhe n

inRlighednndsprensacassedribeier@lirqubpixels of the nimages 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, 20

CAFRGRSoPWIRHRY PAGS0IMEYIPRINE ANGRFHVIG WASIEYSUTEONS ARaRket8fbe

binary, grey scale or geometrical pattern matching. In a step 910, reference
CITHERHRS S B ASOHHE fhindgeetians daicdhiad ivtdoRpaBfkalyetup and the

infefaieneeniiiensiydafiaachpnage Capiutgd aleasptihenreaetesmipeeféRnce
. locations of the selected reference region is calculated. Preferably, the

IMAgR FEERSIP D FUFLPAKES PRRKGIRYs BIUSRRCST PhehifitagRy Helsstidirisriinzand

claysFRpsIsate fes calantvakabian aliffRranuiacalins esd@gions on thRlition, a
semiconductor Wafi%clz (or the multiple wafers). F rtherg‘ref rably, the

RS QtioMITe Rl e ST RIS O R R B IR B SRR pert5asa RSt fied
ilgmeeampensaigiifion otipesfstibace vastationsrahdiffgrentilagadions 3 specified

.. .regions on the semjconductor wafer 12 (or the multiple wafers). 40 The step.
1 SO0 AL BRSPS TR AL BRRAY G tion

froniemsities tamespeaclisgdpeansaiibe n images. In a step 912, a number of
statistical information of intensities each pixel of each of the n images are
calculated. The number of statistical information includes, but is not limited

THe, mindMerage: pravadly siasdaiid heeMiatosn afmaxiORmM adetnminéiynhe n
) intensitg for each pixel of egﬁg f the n images. More s eCiﬁﬁ:lﬁg the

IMAGEP RS YOG B AHEFIEEFRBLARIRE PErBIEHRE iFRARSRY FoTHEh Pixafar L}opfhe

n thilesrcipagebirGhoRiel eomeanasgdipm®bropat asal aragerablyickubpixels of
indicates the central tendency or typical value of a set of numbers, or

O HGERE TR 5N EiT e Lol Si AC et AALRHLEh e sy o the

intheesesupiappiddusirformed 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

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
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
wafers). Further preferably, the calculation of reference intensities of each of the n
images helps to account, or compensate, for other surface variations at different locations

or regions on the semiconductor wafer 12 (or the multiple wafers).
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obtained. A formula for obtaining geometric mean is shown below: ( 2a Ijn. {
(.z=S (Itf: ...(Ira Ji=1 Calculation of the geometric mean instead of
arithmetic mean or median prevents t Q15 average intensity calculated for
each pixel of each of the n images from being unduly affected by extreme

Thakies i 8 dalaigetn |Baddiien JaRdR REakeolHisnirRRSIBd dReseinRftR reference
referred to as Ri) for each pixel of the n imagIes is calculated. Preferably, the

IN{RPFHIS KNSRI RSN TFagE G thinpsise 1D 56HNELR. £ st R Stfigtical
inforineN absrbiteHpieRsitpiREIeaCEax6] BdfeimdBIaaes AR BERMIOUHY number

mentigned, the standard deviation of the intensity of each pixel for each of

ol TiEgaEPHIRrEise R gRin EXHt kY 7 hewep 908n8’standard
desleeiatedhMpransheciiaaliyming siendaydsledationis ergaomsittie standass

deviation, which describes 25 how spread out are a set of numbers whose
preferred average is the geometric mean. A formula for obtaining the

MstengredfauRtion isSRpwndeleusi{éats  mdatz M T %P IntenWReBrdach
.is the_ geomtric mean of a set of numbers {Al, A2, ..., A,€\}/. 41 In a step 914,
©

Pih AiffeGed! At 1Bty BRPad!St3gife it iRefr average, which

ingRERSRABdingUIfaEnmRteN sHepamloaationPn te semisMreldPnWaRiRbded. OThe
firEt reference region. The ?ta istical inforﬂgatiog calculated in the step 912 is .
n

FEvably Bfs ettt SPAHI S, &0 9n 18 dfisp Y1 4astefdr Aty tHE HISo PECEHES 1S

obmisrded ifvtheldatataseiohp teerkdiit Alainativelys Bigoabove data is saved
in an alternative database, or memory space as required. In a step 916, itis

determined if more im of T e seI:ect\%dq—re_f%‘eﬁ@(_e—Eegion are required.
The step 916 is preferab 1so“‘f are controlled and preformed automatically.
=

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

affected by extreme values in a data set.

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.

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

formula for obtaining the standard deviation is shown below:

[ n
Tg = exXp Vflzizlﬂll A —lInpg)?

T

where g, is the geomtric mean of a set of numbers {A;, A,, ..., An}.
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10 Preferably, the step 916 is performed with a reliance on information
obtained by the steps 910 and 912. Alﬁernatively, the step 916 is manually
facilitated or controlled using techniqués known in the art. If it is determined
in the step 916 that more images of the selected reference region are 15

Infedutgd. e stepshIPhip-916perEaPertemifiRsIEPS AU taceheanvigh their
repeated any number of times as required. When it is determined in the ste

P
COFEENPRAIAG MEPETAT e (A IRSaRethdBe cliBiF RO NG ATl 2 ktbp 91 grst
reffréieie RpnAg Thihesieps DAt Rt nnegd IakeireRRARY PaiHeMferably also

reference region (for purposes of the present description, a secon

d
temperHSAYGbH) Behiehd e RITHRFEIM IR R0SE ik dhedy Fdgiotie ffabase of

thSteP 913 Rerimpveferahly sofvw arecontplidiang pedaimed auisrpatioalivetory
addition, the step 918 is preferably performed using information obtained in

SPAPFSJEBIESSf steps 910, 912 and 916. Alternatively, the step 918 is
manually facilitated or controlled using techniques known in the art. 25 If it is
determined in the step 918 that images of the second reference region need

In@ steradfordt 1§ dleirmunad b G308 e s s rsirehisdetspeRgregion are

re§eEONITRICSRNCO 1R Fioprefeaigifd dsrgenreiethidrape oe e stepsSaddaly.
916. The steps 904 to 918 can be . repeated any number of times as required.

Prefsibtitioh O R L2 PSR IO S Wi Brisrddaeh P s BHAFA OB RRENBG Gy the steps

9jauternaden. AtdhaWiiiaen iths deigrminad mdheasieFR1Bihat tieciepsiRA4udng
918 do not need to be repeated, i.e. that images of the next reference region

e hH S SRR AR umber of reference regions are not required, golden
reference images (hereinafter referred to as reference images) are then

calculated in a steg 920. 5 The calculation of the referepce images is .
1 Pt e oH oL HGHE pORSFRGl 1 SCLERIES G pralaeion are

reffistedctinastephedtull ewing siepspeatexemelatypstops fpevid eadborrepeated any

calculafing the reference | es. It will howeyer be understood by a person
R I e AP A OER i S TG0 AR Pah Ry B aFe mages

of the first reference region is required, a step 918 of determining if the steps 904 to 916
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

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
signal is generated for repeating the steps 904 to 916. The steps 904 to 918 can be
repeated any number of times as required. Repetition of the steps 904 to 918 is preferably

software controlled and automated.
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10 following steps may be performed in the calculation of the reference
image. In a step 922, pixels having reference intensities greater than a
predefined limit is determined. In addi ?on, pixels having range of pixel
intensities greater than a predefined range is determined in the step 922.

whbe ipredefingthibmihane sidpee oitharierS2800a0 besld seitware erleGiglated,

and determined or manua%ly determined. In a step 924, pixels of intensities
F

Loyttt 181agRRaAd ey Rars i rashes 158irn prdbemiedeteiminedaniyuheriad refgeence
reigideliredoralbg pbth e slem R can bensftvare saleated g deteraine Rhce

_ manually determined. In a step 926, the previously saved images, as in the
images g thes calgrlated e st Gf any one of more of the steps 904 to 924

if a pixel with reference intensities 20 outside predetermined value or range
is identified during the steps 922 to 924, The steps 922 to 926 facilitate )
Thaefttfelatinn ofinflg e ESRSAsiNy Birels dIefaahty piRBlittesanfEelifdorand is

peshegitigally, shersieps Priimnd 2t enahiaddentiffeRiomef BR0ss caMPRGsteps
pixels having reference intensities outside predefined limits or ranges, for 25

Pegiesmiple RfefifeatiotE oM UREIEETASI dMPs Sk, 1 e RIERRTeRS MBfgrstood by a
pesfaciticalby the tséeps 9BataQBARIMINSES "vndesialiRs Pisalplbeenhthls to the
reference image calculation and help to prevent "undesirable" pixels

foll aRimecBN Y AT TERSFRTL I Sheetalsiogrth e EfSAES ffSe. 30 The

"undesirable" images are discarded. This facilitates elimination of defective
data or images, thereby preventing influence or presence of such defective, .
Ind%tatwt%in@ﬁﬁéd%lq%fé?&ﬁsacr?n@éwﬁ% %&%%z@?ﬂnag}agge%mﬁﬁémat is
depdxeis odithinaadedings dimitsyandrJianoespixe] imagatdiqirdiscatiiad) predefined
consoljdated. Preferably, the reference, image, creation process 900 results in
ol UG AT St R0 i NPT ST TL U S i be
soffverehspixatafl aarhiatthtnednselidatedlinaesnibedtandardicedatompiskls of

. intensity of each pixel of each of the consolidated jmages (c) Maximum_and

R e SRS S 0o Pr St o GO T gy The
prédiage veliererfomdniensiigot aaclk obttveaprsdriaumingd dutereicdl or manually
de[cg}cglri%gggln 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.

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
steps 922 to 926 eliminate “undesirable” pixels from the reference image calculation and
help to prevent “undesirable” pixels influence on the final reference pixel values of the

reference image.

The “undesirable” images are discarded. This facilitates elimination of defective data or

images, thereby preventing influence or presence of such defective data with generated
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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 s ved in the step 928. The 15 reference
images and their corresponding image data are preferably saved in the

refliatabasmaidheaCl deplbomativelys hipmsisreneetnaganianstdbeiined limits and

corresponding image data are saved in an alternative database or memory
raggerd. o ipese i siseasted yerprisifetedilied 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 20 the .
Prifetpily. 460t Bense A%t IO MIIREF SpEE BHE By vaFion af g dpllowing
inifgenfity: of each pixel is preferably normalized to 255 in order to display and
visualize the reference images. It will however be understood by aﬁ%ersqn

skited srmgizsdaeirene Lke AL inteashypbree aE Rastker tamasaseliHais oepess

a3 menatine e R o2Insaart tisplayi A drisual zembe salerrRIacal images
images. The steps 904 to 928 can be repeated a predetermined number q

f
tifTeSMBTCAHRIARG A ESHERh SHERTY FRutbERDY e itiaP lett GpsRdated
the firgtaigaage capture device 32, the second image capture device 34 and
the review camera. In addition, the steps 904 to 30 928 can be repeated for

cAPNHT ARTabRS SR rRFERR INLPhiSASDRY SRSIBFRSITARBHN EORGIE, Gorelerence

examplgdadgletiaiddtaminadiopDbA illumination, DLA illumination 44 and
thin line illumination, as required. The repetition of the steps 904 to 928
enables creation of reference images for multiple illuminations or illumination

TieorditiMNslaaad imagesmultiple isrgoeTaptpiedayieeRrafdequiiges. STS reference
. previously described, the derjvation of reference images for multiple

TR g D G R B R, D L9 oA ey s 25 The
refotdtigda i gei nadon o belitispsnbrlip s st acpasfatablyiyavaddn the database

com ation where required, for variations in quality of subsequentl
of T A LGRE MRt VA RS BER AU SRS OPUP g BAGS deth dre
sacaptirenfieiaranae dnages airdifenent rgisrennewidyinasirteiadd by a person
iconductor wafer 12 (j.e. dif t Jocations on the semicondugctor wafer

ST G S g SRS i BRI SATARIT A Einey TR
reqhigkfdefk@nitoring the reference images and their corresponding data, which may enable

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

order to display and visualize the reference images.

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

conditions, for example brightfield illumination, DHA illumination, DLA illumination
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locations on the semiconductor wafer 12. The steps 904 to 928 are preferably
executed and controlled by the CPU. Preferably, the 15 steps 904 to 928 are
at least one of executed and controlleé%y a software program. Alternatively,

at least one of the steps 904 to 928 may be manually assisted if required.

anin@ieigienaadmages cisatefbydtherRxpniadhrefeience pnage eedtiPRnables
process 900 are used for comparison with subsequently captured images of

credfiff MdGEREGRIEIREES Bir drkbBlen Yuainpisthore i Briapiem e rusitiope and

with dairgienmalassifieation ardsreyiewuat 0 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

AdpiedueRedel daiestlarsibaass orevieriefasts &y esemutiptbecference regions
semiconductor wafers 12. 25 In a step 402 of the method 400, the

ofdBriEBHERNAB Hater ! to BE M Rl iy ired apatalirie ilugippsien Aesdiions

helyafey éablec 1R chlisfasahly, dhe cemcaadustenwaiRighdds, tkastadiom Hality
wafer stack 20 by the robotic wafer handler 18 and transferred onto the

ofyyHfRIHAR Y6 CRItith BPIRRUGHEiLApEiTEt! t8 e wihfer 1abEe 6t0 SEife For

extifpR0 seanicanductof waiRrehedhaireeto o Sdifhecsemigendidstorewidiar b2 the
preferably comprises a wafer _i%entification_ number %D number) or barco?e.

Se“ﬂ‘.‘é)wzﬂ%{ﬁfD‘?ﬁ%fﬁ{béFoptfaré’d 8RO br1grAUeR o P Pag B dERHS PSR ca'BlGhe 2)

préfimisgndusiesswafesubZatinile sREdispbnatidpedphansofigsunace different
the semicgnductor Wﬁlfer 12. The wafer ID number or barcode helps to

losERnR h s SEHSBAIRIY H8fd 12 and ensures that the semiconductor

wafer 12 is correctly or appropriately loaded onto the wafer table 16. In a

step 40 wafer map of the semiconductor wafer oadﬁeqd 0 the wafer
THRSIEPES 1S Hhua At THEATTRIE, A BB T i WA DA e
stgrogEMIN3Ie a1 gondnellehAlenaiively, dhe wateomdpbynay doftieiriepyaskram.

from an external database or processor. ther alternatively, the wafer ma
AT BB AT oy I ISR, 0 16 P aY e TN ASop QU e ped
Tlanteféthen cadualies sugpedtiplatio oxeugingymefhiedse 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

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.

In a step 402 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 16. Suction or vacuum is applied to the wafer table 16 to secure the

semiconductor wafer 12 thereonto.
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or techniques known to a person skilled in the art. 15 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 translationa"and O rotational offset is calculated
using techniques known to a person skilled in the art. In a subsequent step

THOGe R iWAHRISEARATBHAN RAMTRIS A IR ORIMALS GaRIHIR 228:PASHIBES (1D

are calculated or determined. The wafer map obtained in the step 404

nyspBRE} P A At d S W ST EE Y WharePddh FRETRIThAth taRgethento a

subPtweldy ot iage aaRtue wResition s Rteiptatiivathescalpelatianob theewateice of
scan motion %ath is de&endent on at least one of several known parameters.

the sERIERBHE 1A AME e L inEhfu e Akt e oD bR PRECPEatisPBfeetd oLy the

sefiz@ndatesdieatizel Wakdr fitehedNGREGHON @B NBIR6 2 & Sean Yel9GibtaBdy or
encoder position. Each of the plurality of image capture positions reflects or

appEeRsedeaded pugidln e ehEkEnifronductor wafer 12 of which images are

to be captured. Preferably, each of the plurality of image capture positions
can be altered as required using techniques known to a person skilled in the

In 4 stemaHumbai SR s ReptH PulIRSYRLST ArstPpecdirad s atiiifabfe 16

is UsHagrieE hMigues Fromipt R P aysaa &l skied i taet ashsé S fPrafepatyartlifable
stepg 404 to 408 are performed automatically by th S%ystem 10, more

cogliodificaty By HEBroliaMEbIBBLRPSIBY &S <Ham 16, AfeRARApase or

profeseuie Pirihe slesA04TR 408 WMdvbepeHoyes Pyperdditt theraieioipan the
alternafive processqr. 5 In a step 410, the programmable contyoller of the

loRGE 4 1 QETBRANESAUAIEIBIIY S h S BRSB S BBRISR AARBing methods

or(kRergiabieknefenretitpasoa sefteansationage). If the reference image is not
available, the reference image is created by the exemplary reference image
creation process 900 as described above in a step 412. 10 Preferably, the

Inrefexgneecnvagaismbiaires ot cieaiadnbeforenpaifat roing:afrntixethplatie wafer
two-dimensional af anning.process 400 in a step 414. A prqcess .
RO b g e S e e
te8Higscshonvimind-1peikdn Eitsdplatidwa-dimensional (2D) wafer scanning
process 500 15 The 2D wafer scanning process 500 enables capture of

brightfield images and darkfield
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
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
reflects or corresponds to a position on the semiconductor wafer 12 of which images are
to be captured. Preferably, each of the plurality of image capture positions can be altered
as required using techniques known to a person skilled in the art. The number of image
capture positions can also be altered as required using techniques known to a person

skilled in the art.
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images by the first image capture device 32 and the second image capture

device 34. In a step 502 of 2D wafer sé? nning process 500, the first image

capture device 32 is exposed. In a st 5504, a first illumination is supplied.

The first illumination is for 20 example brightfield illumination supplied by the
prefightiieldHlluminaiis2g, BidAdlluptinshaBsHRRIeBY il aggiem 10, more

darkfield illuminator 30 or DLA illumination supplied by the low angle

SPAcHiFY Mytn oSN BRRC fOR B i SrqIishiatidh (oltgaaitshietin e of
th8@Bp3dispreierabvdeiaiorined by apwiuminatian confidiaiai®ptocessor.
shown). Preferably, the illumination configurator is a component of the
system 10 and 25 electronically coupled to the illuminators (28, 30, 52, 64
InandHR) 1, e prstemmiabléternativelyr the dfvminatereanfigdraialidity of an
component of the CPU. The image capture devices 32 and 34 can use an

ApREPRBRSHSAISTHIGRAHSRRSHShsTSAEE B BrghHERIdTIdrTinatsRss, BREK)- tr the
refdrniRataa30 anhBLAvilwpipaiae 2@ fhencofitigsSQessikle eymbinatieiplary
for the first illumination used by the image capture device 32 and the second
refﬁﬁﬂﬁ?&ﬁ&%ﬁ%@&tﬂiﬁtﬁ@mﬁg%ﬁﬁ&ﬁ%fg‘é?ﬁ WedPASHRRVH T the table of 47
FIG.19. If the first image capture device 32 and the second image capture
device 34 use substantially similar iIIuminationHﬁ n the throughput of such
Pl s T AT hanhes Fﬁg}]i’é%‘PSﬁaﬂrtﬁE@%‘S fi%ﬁf%ﬁ?oﬂ?ﬁ?&?é’i‘&énsefé%‘iﬂplary
twHiRAseSs sifathe IDyeseet destiipt o &Rpi0ratioetdpas Showhddhelal|gigfram
FIG. 20 is selected. by the illumination configurator. Accardingly, the first
ofiffif BRI %W8‘%Hﬁﬂfﬁ8’i@&:ﬁ%mr¥ﬁ ShSaRpREPEF R S&Qgﬁﬁ)?éq&fm%ﬁhﬁtd?-
26. Preferably, the steps 502 and 504 are performed simultaneously.
Performance of the steps 10 502 and 504 enables capture of a first image,
CORlArY wo-cumensional (20) waler scanning BEaces§ Q0le 32 1n a step 506,
ThHbe brsidrengesapiy addaystio(itstaiage paptuse slevicte[d2isagonvadelrkfield
._into image signals and transmitted tp the CPU via the data transfer process
R RALF SEBHED SHPHESCIRAEESE B SIBFASE LIRS GH N 8 e S0
the second image capture device 34 is exposed. In a step 510, a second

illumination | lied. As with the first illymination, selection of th _
IRt 1 TR A5y i i Ao ROy Jie 22

expukpdseés af 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
shown). Preferably, the illumination configurator is a component of the system 10 and
electronically coupled to the illuminators (28, 30, 52, 64 and 66) of the system 10.

Alternatively, the illumination configurator is a component of the CPU.

The image capture devices 32 and 34 can use any combination of illuminations provided
by brightfield illuminator 26, DHA illuminator 30 and DLA illuminator 28. 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
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the present description, configuration 1 as shown in the table of FIG. 20 is
selected by the illumination configuratqr. Accordingly, the second illumination
is the DHA illumination 20 supplied by4t?1e high angle darkfield illuminator 30.
It will however be appreciated by a person skilled in the art that the first

Fitiuminatior and the seepndilldavnatmngianaeRecaleinplbee- Iminadians a6 use
required, for example those of the different configurations shown in the table
sustentialhy sysiler dhimigtipnetaca ghesiacaghns olatechsqpfigpigtion would be the

highedtangous!ye fiiefesably foesgep 506 occurs in tandem with the
performance of the steps 508 and 510. Performance of the steps 508 and

510 enables capture of a second image, as shown in FIG. 22D, by the

Fi95apdsthag eneaniisa d@sespsbnltensiem -fioh 1ha saeandiimroasRSEE. 20
by the second image capture device 34 is converted into image signals and

is (FaleSHRftBY (henLeDipRtgrRE Bt diaghe thaditiitumpiriisds the

brvMifRIaiaraRiy sioredpiia HatabeserensioRgRIMesnoy. 48 A diagram
showing the exposure of the first image capture device 32, supply of the first

illumination, exposure of the second image capture device 34, supply of the
Preesably, dhenpisiismand 512 dadpérdnsied RIRCRSEesUS RIRYIRehRYCcE 63 tRd steps
Th?ergstegs 502 to 512 can Ee repeated any number of times for ca turingt a
>OcofRekp ﬁ&ﬁé’ﬁﬁrﬁ%}“&?f Qb ptr B iy OB R dSh vl 45t fisel 1mage
capeIricRiacior mafetehs W oie specifitaldycdheisteps tROBHP Sdadatpture device
referably repeated for capturing images with the first igumination and the

35S SRB AR NRER AR SR ARAUCRIF AT 12 Heebch ol theiurality aps er

pribageandaiifeeapisiionsd alahg daabuséairstangoatiandeath as calculated in
the step 408. 10 As previously described, each of the first image and the

second image are converted into image signals and transmitted to the
Inprageprnosabie ceadialanand sipnad dethe: datdbasgoasdstiagetdpesnoy . second

...Each of the steps 502 to 512 js performed while. the semiconductor. wafer 12
A Hons THRHLES oAy, (AT aptird ot L HPLETH e SIRT HHE sEbaf sccond

illimag&ica pepafnadiwiide:-thersanigand utteninwaten L3ns guranotioRoalpugpthes of
wafer scan motion 15 path. Acco ding%, a person lgille 'gth art wjll

g BERSL S AR HRB: SO AT RN PRI LG 19 ¥lected by the

illpreidet@iminet gisianca alortinfle wadersoad ihatidmpaihs 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

shown in the table of FIG. 20.

Preferably, the steps 508 and 510 are performed simultaneously. Preferably, the step 506
occurs in tandem with the performance of the steps 508 and 510. Performance of the
steps 508 and 510 enables capture of a second image, as shown in FIG. 22b, by the
second image capture device 34. In a step 512, the second image captured by the second
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.
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between the steps 502, 504 (which preferably occur simultaneously) and the
steps 508, 510 (which preferably also gccur simultaneously). The

predetermined distance depends on several factors including, but not limited
to, speed of displacement of the 20 semiconductor wafer 12 along the wafer

A RAPHRRAMRNEK IR CaE HRIFRE anyRnapalth &e@ﬁ%@%@,%db%@](ﬁ- thE@irst

__predetermined distance may be controlled and varied as required, for
illugipspirnpyTResEe PITHhE coFRAS AMHASFarRRIBFF of tHispritietipplingd the second

ildistanesnmay Be akieashone pbeeiware pomantpifecilitatgde 2R ps 502 to 512

Accordingly, the first image will have a predetermined image offset when

h
cag N5ehTRAISEEM ORI BPLOhSRFS dORAHP ISR GAESTRBEINE BB Shatis of first

infRbinadinageipfihe tisthinegcanduhierseetid IMass-cepremsisaiinthe steps
resulting image_offset due to the capture of the first image and the second

SOy dvifePiivEc s hiconeriedionerRIIn I RrASS LD firdistdlwpunaiioagnd the

selibR@ el Rifseh depastihonsaueialdasiorsdngluding, ithnet iRIteEIRit§00f image
speed of displacement of the semiconductor wafer 12 along the wafer scan

Cap{BHOPOS A& Ak it EE SAASMBH AP B asoTae atep s Bo 5193
Control and variation of the predetermined image offset may be at least one

of software or manually facilitated. In a step 514, XY encoder values are )
A%M@%ﬁl&ﬁ@%ﬁ)%ﬁamﬁfﬁ%%? @eéﬁi‘;ﬂfaﬂldmﬁ ey et gpto

inthe: stieps] SQAdrnransdii & edetiabhrohenthYaBRCasIgroIRIesd IBPre&baNthe database
t) of the semiconductor wafer 12 along the wafe

positions (XY-displaceme
Ors%8ﬁgﬁdﬂ8ﬂl?ﬁ’th.galeﬁ‘eg?<$‘éﬁ5‘?de5r%messl%Bfaﬁ’ﬁé@‘g?gdu‘é’ {rRaRBISERg ctor
wile imagen altsaiCORISE aifsey) Beiwaaartherfirst finagaarchideisecerhd image

. image (i.e. relative offset of the secqnd.image from the first jmage) in a step .
is BERORRETNE s S SP L EMENAISH 20 by SRR S BV isgamotion
patignoeerdibigingapaitesn sRatehingiearicles pfaadia taoffsalcis obidingdrbyafer
a i Jpredetermined mathematical.formula on the coarse and fine.
1 R T ettt PR Ao e S b AR g ath
bet@@itatic 4sipg SO 5O e Kob wicforabbe ksskitledtindbesBri.ahd Thes?dps 508,
fer scanni ocess 500 performed in the step 414 of the method 40
3 TR e I ST AT i KRR g, depends
orpr@ef_eéaeblyfattﬂﬁe tadtwdatgd oageocapthiieosifionpsalong thisplaiensearof the
ser@%%%ﬁlﬁ%p 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

required, for example by the CPU. The control and variation of the predetermined

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

Accordingly, the first image will have a predetermined image offset when superimposed
onto or compared with the second image. FIG. 22¢ shows a combined image of the first
image and the second image demonstrating resulting image offset due to the capture of
the first image and the second image while the semiconductor wafer 12 is in motion. The
predetermined image offset depends on several factors including, but not limited to,

speed of displacement of the semiconductor wafer 12 along the wafer scan motion path
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In a step 416 of the method 400, an exemplary two-dimensional (2D) image
processing 20 process 600 is performed for at least one of identifying or
detecting, classifying, consolidating ahd storing defects on the
semiconductor wafer 12. A process flow diagram of the exemplary 2D image
anRr RS SLEL REACESS HRO IBSROWRIRIES 583 foxeMmPlennhab) il ariation of the
processing process 600 25 The 2D image processing process 600 facilitates
PrifBleERERG dPass RHALEBBADTIYAAM BT Jluicanamg!brduabidsh. in
addition, the 2D image processing process 600 facilitates at least one of
identifying or detecting, classifying, cqnsolidatin%ﬁgd storing defects on the

Ing difRonbtictor WaFSAID VAl GH U SIS 6620028 agBPrsEalty prbdssterably

otfehlded fir tuMakin@imao@dssegiecied andl Joadpefer MO K WaHkSRREEvalues
The first working imag?ig%i?s selected from the number of 50 first images an

TCRESEERURASHERYS daoti laﬁsf%%vw%ﬂwn@em@%%zﬂwgé%ﬁ-?r@lor%éa%g{vafer

schomRUHIPR$ROTThe RreserbdasciRiienihembisshwarkiadfinagie URBFRSEdSmage
the first ima%e caﬁtured b% the first image capture device 32 _durin%ft_he 2D

off§gkér @sn AT hPSEEEESH6 T hmage FbUCSINs I dmags i RE B iR orfgt of
thwewkingd image fiopemermedintigd)nixeal selignnee This fes fermedoising paiteinited

matching techniques using one or more templates. It is perfo%ggz,d usin

YSPERRAR R Gy IS e RHARE BREMAH R HRAHGEEN Bfse he fnal

ofalignedbteiere nseaipyiensity fprairahiinrgenis talauriaddianlona aiddiestGind
predefined region of interests in the image as shown in a step 606. The steps
finoinags tﬁnibeber% ﬁrsa?\l}éfié P@?&}?&&?&%J%Pim%%b&iﬁg%%tﬁﬁleaﬁfgﬂulred

uswierkisighinag &nldwandoepearaibkaperactategthat the preprocessing is not
limited to above steps. Additional steps can be incorporated for the
preprocessing if necessary. 15 In a subsequent step 608, a first golden

ThefEDenatpEaiaies geireagsois saikeincd Thehéigtprefierencke mage saleriedults
. in the ste 602 corresponds or matches with the first Wo%gn image.
in St SABCR APRY IS, BB Sy s SEPICOIHECR, & AanAsd ) Hiahbeinthe
cabfugaldemagiargnaasposiearencedhagesareaiethbydhepakemplary

reference creation
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.

Exemplary 2D image processing process 600

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

defects on the semiconductor wafer 12.

In a step 602 of 2D image processing process 600, a first working image is selected and

loaded in a memory workspace. The first working image is selected from the number of
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process 900 in the step 412 of the method 400. The exemplary reference

creation process 20 900 is described in detail above, and shown in FIG. 18.

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
fikQr RRER PRI Ofdhsh Hrshyyetking inag e mlesriarenaeb Witk  predetamiagsing

threshold value together with 25 multiplicative or additive factors. In a step

PrEqepstHTIRIRRIMY HhagEersthdrsAitiARdtly SVsheeingHIKgeRePrrsgnts the
fikefRrapeR 4RagR) sslentetdrin tha &08ipthe MalRRiINg auAvaluation afdhe Heghning
working image with the first reference image facilitates detection or
PrRf&RtifIEStion of defects on 30 the semiconductor wafer 12. Preferably, the
CPU is programmed for effecting automated matching between the first
working image and the first reference image. The 51 programmable

Incd stronaP prarbrably caligB et of BRdL gt WoRIigaRS thiArsiasppd. Sub-pixel
aldigQdthm tefomatehing dhrticst wearking ipageqvidifiadicskrefersReRMpages. It

_to therebg enable the detection or identification of defects on the

is PR RLBITA TSR WA feP 1DNB AT SRS Vr gHuBs R R IR omAiehin g drstheds.

OREC WSdied, SteRRHBOfibiénh b IMAgead OSSN g Prakess&DGrdhinere thanmore
one_defects are detected or identified in the step 616, the algorithm would

Predefified SOt OIS M ISR SHELThASER GGt StsRe iaindro00

mayei ngtividiufeanlrastcaprpetiessniilbiagiotisdgaatiengihaasangan be
others. Further the algorithm selects only those defects which meets, user
re maapé?ﬁ@ﬁ%dl%%t%%mmcma&w%zweﬂ IRtBPEE @RE M idiaR sfeps

catobdnncerframan dgfeptspiscesiagtatherdgdantified in the step 616, DROI on
the semiconductor wafer 12 is then calculated in a step 618. Preferably, the
DROI is calculated dynamically by the CPU in the step 618. The CPU is

Inprefeefleproginsusedi(is coddoplisRacacevthetinm ecSarins of seRopdItinge first
re'ggéstructions or software) for enabéi@? the calcﬂ%tion of t%e DREI. 15 Jn a st

BISE BB SEITEIRG IRES PR QLRSS BRI, IR S InEBR s TRorerking
insecifiedtiyile secind workingcimage is tutcsrdofidrimagdstdaptuseddlyctiion of

nd im r ' 4 during the 2D wafer nin 400,
seffEgnaimage. capuje device 34 during ihe 2D wafer scapning process 490;
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.

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
working image are referenced with a predetermined threshold value together with

multiplicative or additive factors.

In a step 614, the first working image is then matched or evaluated against the first
reference image selected in the 608. The matching or evaluation of the first working
image with the first reference image facilitates detection or identification of defects on
the semiconductor wafer 12. Preferably, the CPU is programmed for effecting automated

matching between the first working image and the first reference image. The
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the second image (which is a corresponding image of the first image), is
inspected in the 20 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 detected in the step 616. Further

prﬁg%ﬁ{ﬁaMet%rﬁ%He@ZQr&?&iW&@?&ﬁwﬁﬁﬁo%ﬁﬁsdgfe&r%ﬁiﬁﬁgcmé‘tﬁﬁ@i&%por
606. 25 The system 10 processes the DROIs of the second working image

algogithues dprHaasting thediet weddagignags wikhsthe BEbrsfarmacs inRguordgreby
enti10ehd et Bratins WRAlgRKIRthS 8teRgHBIROVGRIdS TSV fether reduce

the amount resources or processing band width needed for processing the
second working image. It can be readily appreciated that such intelligent

DRERREHSHIG FFPLensR JYnanalnsleciesRasedRndhesiesWis ¢ff3fe 2D image
preceding steps. This will facilitate improved system 10 thrOLiJgglput or wafers

PrRESSHOr PECCs § W 6D9r bt 08E 8 RS MRS SAifidSIN e IBctifopfeP

6191, pasitisorphsieirstiasowelfgcthetsiassificatiartiete ahel sirauad bRiafesakiyher
the detected defect, and.the location and classification thereof, is saved in

o, QT S B IRS B PY) IRy SATERSE I OTRARES T LY JRsiat, Sied fienstafgpne

otBéld. Gtanhificalion dbareef siscsayvelynias @ deraat wehiolneIaaeep dBTRIAP BYiteria
space, The steps 602 to 622 can be repeated or lgoped any number of times_
orgfls t A i

e thE rraioged calstsrEERRINRg the S85arkier Ssn AR prodsdests) is
debfdfeEaeh d¥htiecinag ase cappuad, dOR0Y tie P veaieioncasingvarecassidGfen

Is sequentiall Ioaéi d in the memory 10 workspace a g processed for ,
Ca%galms%aa R B STAR e ?3%81 ﬁﬁéﬁ%@fﬁféﬁ YRRl by the CPU in
theersjcongiuTker avafek bie fEhd Siepstaie &2k, anthiiecepe it theraafries of

facilitates at least one of detection, corﬁirm tion, a d,claszifi a[ﬁﬁ of defects,
CORG S S USRS BRI s Fo3RHDE upno n’&% nultiple

image capture positions along the wafer scan motion path. 15 In a step 624,

I each of It%ﬁle defects .andé?ggioc tions and classifications thereof, i M

R4y fhE SRR B ARLAD brES0S At HRE CEHs i tBiPirgd: More
speaifRdlIprefierssdyndwibekigtahage ot cbid. iMigtnaipretydive defeetsndnithage
cai)qgrleogg%%g %2 I&‘ljlr?rllagst?llg%%l%% er 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
detected in the step 616. Further preferably, the step 620 facilitates classification of

defect detected in the step 606.

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 defect found, the method would skip the
steps 618 onwards. This will further reduce the amount resources or processing band
width needed for processing the second working image. It can be readily appreciated that
such intelligent processing sequence dynamically decides based on the results of

preceding steps. This will facilitate improved system 10 throughput or wafers per hour.
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thereof, are consolidated and saved in an alternative database or memory
space. 20 The 2D image processing process is preferably an automated
process. Preferably, the CPU is programmed for, or comprises a series of
computing instructions or software program, for automatically performing the

InZPs 18I PIRE A RIBE P IRFESS YIS IRIVEMN 1B 21 dARRE S PIREASSINGS defect as
process may be facilitated by an at least one manual input as 25 required.

wetb bR stHs e nMbyeYrdseting protissabbooths tHetsaisy 4téshiqad the
lobaat0shd Q0 keabisIR GeRsalidatian andikiaiaas Rt deigcts andaheaeRtgNshe

and classifications _thereof, detected using the brightfield illumination, the

deseirdsfiratiil dhe eaicso mdnsiastifnesan heQiodegased dbepu tlicshative

daaBaReeshatt ey splicst exemplary three-dimensional (3D) wafer scanning
process 700 is performed. Preferably, the first 3D wafer scanning process

700 enables capture of 3D profile images of the semiconductor wafer 12, for

THaGHi 802 corsseauenbéaspaiien of BofPiiiaehths semisanthigiescaiar the
. 12. The semjconductor 5 wafer 12 is displaced alonz the calculated wafer

IMAgSR FABHGFISIHHTR G RN SeanTARR B0F it Y MIcHTIRICHRT WireFs1cpired

duityg ofe armneveref thamidtipledoegesioapiuseqprasitingsiakaeg the wafehemory
gﬁéasn motion path as calculated in the step 408. A process flow diagram of
Wi

RFSE SRORESFTSH (Rafar Laiping HSstion o0 Lol HoR a3 Aergyesent

orEX@MRal HawaferveeRANINg PIRCeEHI AN @ step, 78dofHbergltimiaterthereof,
scanning process, thin line illumination js supplied by.or .emitted from the thin

Fog BRI A 5 qﬂ%@wlm&ﬁ@mwwma HABHIR STt i may

b PSRN PSRN don detorikvarsetyptthylof iheisuhsagusngstepRe phetions
thin line illumination is reflected by the semiconductor wafer 12, or portion

alongy f,WBgl in6HL S RP - pection position. Reflected thin line illumination
from the semiconductor wafer 12 is transmitted through the 3D profile

objective Jens 563 WEich ha aﬁe ration corrected in infinity, in a step.708.
I R ot e TS SRR TaBN fHFo RS RES 215 B DR e TP
deb&iedtbe giepB3Qthage 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
CPU is programmed for, or comprises a series of computing instructions or software
program, for automatically performing the 2D image processing process. Alternatively,
the 2D image processing process may be facilitated by an at least one manual input as

required.

Completion of the 2D image processing process 600 of the step 416 of the method 400
results in consolidation and storage of defects, and the locations and classifications
thereof, detected using the brightfield illumination, the DHA illumination and DLA

illumination.
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20 collimates the thin line illumination. In a step 710, the collimated thin line
illumination then passes through the tuSe lens 60 before entering the 3D
profile camera 56 in a step 712. The tdBe lens 60 preferably focuses the
collimated thin line illumination onto the image capture plane of the 3D 25
InPiQfifsseqiest atef - 4RI fingqiliHeadatiprfocysed.Qe BPtHRAAA GERIEal (3D)
plane enables capture of a first 3D profile image of the semiconductor wafer
wafgrisearatiag piocess dinistRshiarase-tRI D INu SRS f Betiks A ing process

700refit® Rbiessitve-1ens bS Al dhpattiRe lems 6ehirclitRiaserat Pl MtredBiRAting

of optical components or accessories therebetween, and enable flexible

COBSIHSRIHEEMIPR Irfrig by Rt O PTHE SIS BicANdv STy AfErd S6! B smaiconductor

wieViQusly dReRiden e ofize tincing ikemiRatiansisapuppliod yd lasetffturing 3D
. broadband fiber optic illumination source. In addition, the thin line

impgrRiRGHSSRITHFORUAIRF HRiSE e AR GRS BRI SoLhfor iR e imagetcapture

pRn@aswithhiefreansRieah bz philane M thecgamiseneyctmywalgrckdss flow
positioned thereat. The ané;lIBe at which the thin line 5 illumination is_directed

diagritB HIPe R FHOBRIGH S PrafdrasiA VN M s Tqdir 0dRg efmdues
known to a person skilled in the art. It will also be appreciated by a person
skilled in the art that the Waveleng% of the thin line illumination may be

Exempls ..' A vanet, asregtired: ferably, the broadband wavelength of

Intdbaft@ﬁném&)mtl{éﬂﬂbﬂ?ﬁf& ﬁﬁ%@ﬂwf@m?ﬂﬁiﬂﬁlé@%tifl?i@lﬁtﬂf@lé%@@bﬁé@1§§f or

lefect detection, verification, and 10 classification. The first 3D image is . .

enbide et 'Rk Ef@n [ Bandmitied f&%é%p@?nﬂ&%tﬁae gmigagion is

difdepddBhthedpsia podgendpiacensest byripes£PU for at least one of 3D
height measuring, Coplanarity measuring, detecting and classifying a defect.

15 Preferably the steps 702 to 718 can be repeated any number of times for
Incaplibivguancetepspasding mimbes ol dbinnages amttardranshvtiegid@ductor
captured 3D images to the CPU. The steps 702 to 718 can b rformed. .
WP BT THEG8 e ASRIPETSSbIoNE. HIOPS 4HE W eaReHRSGD e

illomthetivhofeosiafie. 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.

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
focuses the collimated thin line illumination onto the image capture plane of the 3D
profile camera 56. Thin line illumination focused on the 3D image capture plane enables
capture of a first 3D profile image of the semiconductor wafer 12 in a step 714.
Collimation of the thin line illumination between the 3D profile objective lens 58 and the
tube lens 60 facilitates ease of introduction of optical components or accessories
therebetween, and enable flexible positioning and reconfiguration of the 3D profile

camera 56.
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20 Preferably, the first 3D wafer scanning process 700 enhances accuracy
with which the exemplary method 300 inspects a semiconductor wafer. More
specifically, the first 3D wafer scannir?gﬁ1 process 700 enhances accuracy of
defect detection by the method 300. Such inspection provides details 3D

AMRERIoYIRAhESiRIRAU thecORARA LR IR HkeprR diBIensionabr broadband
structures such as solder balls, gold bumps, wa_rpalge of individual die as

filge oRL Sy HEI AR SrfEa0N), Addifitaof e St Fas HneiRgbiofshareferably
dithaeodi BlenirpessiigpetBidimaggsai.caved nithectataease LhetrltWplane

Alternatively, results of the step 718, and repetitions 30 thereof, of

of o SSEHRPBIUEPTImAREE Are RAVEANFaMSlitahndie Mg ds & Bickhdhsolin line

i116RARE &S iKedivdcred abtRnmyesmBlapsseeand pheea-HiReasianalasdyvriesing
scanning process 750 can also be used instead of the first exemplary 3D

toGhRfEMSTARRY 19r8RLSOPOBK I BptiCatitay piih B9aRe coeriplalH ot grivprson

skAR VR eh S GAMNNC R OGS of pfhi S VIR ke iIZManstidn GARE SRORWBE, and
process flow dia%ram of the exemplary second 3D wafer scanning process. 5 .

varish i8S BHETHIn TRoETEED b T Beneans 2 riensd S dhsThwake SUaRHrgion 1s
seRiQegshr e8hiReiHinbioadtyninaioleas shpRiegdhin lngddisninatencitich, and

step 754, the thin line illumination is directed at the inspection position by a
classiBeatiodssembly 80. The reflector assembly 80 is alternatively 10 known

as a prism assembly or a two mirror or prism setup. In a step 756, the thin

line illumination is reflected py the semiconductqr wafer 12. Thin line

Tl}ﬁﬁﬁﬁ%aﬁ%ﬁ%ﬂaaﬁeaoweeﬁaﬁ rBBRI G Ay U R feriBgdbd thin @ step
71dffarenttairecons dependinghagethe sutdasedorgfiteeol the semiciadueter of 3D

wafer 12. For example, .15 structural and geometrical variations on the
e e RN S
by the semiconductor wafer 12 in different directions (otherwise known as
dispersion of illumination). Depending upon. the surface prafile of the .
PGB et 13 T Aot R G DT AL S o e apturing o
coseRpondishgoiambafeir BDdamgisperdefdn aiffeneintciraatiofsured 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
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.
Such inspection provides details 3D metrological details such coplanarity, height of three
dimensional structures such as solder balls, gold bumps, warpage of individual die as

well as whole wafer.

Preferably, results of the step 718, and repetitions thereof, of processing of 3D images are
saved in the database of the CPU. Alternatively, results of the step 718, and repetitions
thereof, of processing of 3D images are saved in an alternative database or memory space

as required.



10

15

20

25

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 profile ofthe semiconductor wafer 12. In other
words, the dispersion of thin line illumination reflected from the

ASSRUGRAHCIRE YRR W ¥BIR OIS onTGast Mati hese sitigsl tan also be

capture accurate 3D images of the semiconductor wafer 12. This is because

usidei I S o ik SRR WAtS S reRiBge BT AesTS thX0sdRfconiifiak gy path
ofWREEEAAIplafyUlipl dlimstione CarafRshlt frdoaRrprapriatehiedusedar 25 and a
increased amount of thin line illumination entering the 3D profile camera 56,
coRsanPRABIS P TR (upti eI BE SKeBIRIMRE TGS ML vy igiBrocess
79GIIE R WRIVERGCate measurements from images 30 that are too dim or
too bright. Accordingly, it is difficult to obtain an accurate surface profile of
the semiconductor wafer 12 using images that are too dim or too bright. 56

InThigefings il eminatiervirfleptech Ry thensemi¢paciistosyvaherth ISieeRiNamhRYr 52
the, reflector assembly 80. More specifically, the reflector assempbly 80 is

supBHAy BT ARG Tt fhdlsRumihdb6 A s umintiandsdiiseionat the

infpesesallysiienrailecten & RsseRRIYISBEOMRIISER @i 8l RAb IS B0 E@hatively
prisms 82 and a second pair of mjrrors or prisms 84. In a step 758, reflected
kN A RTINS SIS SPRESTHE: namely a first optical
path via, or as directed by, the first pair of mirrors or prisms 82 and a second

optical path via, or as djrected hy, the second pair of mirrors_ or prisms 84, It
IngiHiER Tatsdhs i B HrgA NS GE B b %ﬁ@mwgg@fm& Thin
likanbgibatanigised dayditrctingicanducest retlestad thin beerdlssinRiionifferent
.along a different number optical s as required. The thin line illumination
USRS STETAER BT TS B S ARG QLESR N UiiLAl BAGERample
stieagas dhtoggihibei abjeetidtidansdihe G siepniotoFNeasio thivainéaukd the thin
. illuminations passing through the 3D profile pbjective lens 58 aje_collimated..
i T HTRP BB o GFE o A R COreRATr 01 T BIS BR pGeons
(oBhmBvePkaiarably diparietricalljupasitimd. In a step 762, the two collimated
thin line illuminations passes through the tube lens 60. 20 The two thin line
illuminations then enters the 3D profile camera 56 in a step 764. The
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.
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
profile of the semiconductor wafer 12. In other words, the dispersion 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 semiconductor wafer 12 in
multiple directions can result in inappropriately reduced or increased amount of thin line
illumination entering the 3D profile camera 56, and thereby in the capture of dimmer or
brighter images respectively. It is difficult to derive accurate measurements from images
that are too dim or too bright. Accordingly, it is difficult to obtain an accurate surface

profile of the semiconductor wafer 12 using images that are too dim or too bright.
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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 image capta e 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. 25 Without the use of the reflector assembly 80, the
dispersion of the thin line illumination reflected from the semiconductor wafer

Thip iHneireietiaticREccist rddultin SHRRPISRE ALBIudSd 81 TReFRsdely the
reBBQNE QLI iIMFe alies etalNthth eBlec tBF ofie-GRE W S8, @Migured for

thereby in capture of images that are too dim_or too bright 30 respectively.

capiiEnenthigelng diypicapurstiaded i ma gl o firRcis thastsratiyo Bmfeiector
asSom0p UishhpaBesdiisihban tTaaausae Shiprafiinanaasasdr smest S ies or

surface profile, of the semiconductor wafer 12. The ability of the system 10

Prgedbrif e gedofar e aieddh it HnmiHE prgaHes wByels dlonsiIbuaptisa ppths.

naivvelyies i gheaBpa i olile f dbh giremicondet o Waler d2nhisiog ar PGS 3D and
image capture device 56. The two views improve accuracy of the 3D profilin

2 HINhEBHGA the afdr A HGaIRO e U SECEPthB B SyHAFRESEAtfysms 8% Tt

wRDSEI QRGPS OF Esos 8RilRkd enahlesituminaiondmpitestessfeamiihean be
semiconductor wafer 12 iﬁrgéij,;ff rent directions to be re-directed for capture

COB BHES A PTG E gt 8§e§ée.‘1tﬂi‘6 \{IWF Hi%a%maﬁwa F&ghf number

optdliephtndhe @thed.the reflector assembly 80 can be configured for
directing illumination reflected from the semiconductor wafer 12 in multiple
directions (for example, two, three, four and five directions) to be captured by

Tle gifglenexpesuifebiheastlinpagengapivheodanicise ophcho peeeirl the second

views of the same profile of wafers,. existing equipments expensive, . .
oty PR BB TR ARG TS A e ARAoRR (b lne
illtheinncansisien pbfladf hafers prefieciss] says donn AL anrsisiBinbteetumhinfirst

a pre- determined ra %),ﬁgth ﬁ:ghhe muIti(PIe image .ca(Pture devices. This is %o b
P O R S & BT S tuAth SN oo B BN I O RS S gt e preterably
syvafiatinas ppdéie@isdace of the 20 semiconductor wafer 12 typically results in

inaccuracies in single view images captured
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
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
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 use of the reflector assembly 80, the dispersion of the thin line illumination
reflected from the semiconductor wafer 12 in multiple directions can result in
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
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of the semiconductor wafer 12. To overcome the variation of the strength and
weakness (i.e. the dispersion) of the reflected rays from the semiconductor
wafers 12, the present system 10 enables 25 illumination reflected from the
semiconductor wafer 12 in different directions to be captured by the 3D

tolMRGRCARUESUENER RiclhigOIiDHIoAMOVemaaRAAf SRhPHiIRG pRile,

inspection of the semiconductor wafer 12. The use of a single camera, more
ofdhe snpiaRpdstepWATSgEcapture device 56, also enhances cost and space

efficiency of the system 10. Furthermore, the ability to use a single objective

lens and a single tube 30 lens (in _this case, the octgﬁctive lens 58 and tube

Therrbdgy fof dBpteriig L iffe RAERETLIDthacseRticORANatsF weapiag process 750
en@PRANCHHEASE AN6l Arel VRS sBlipiatinn oB8hAliahrempletipnwaiitha firgling a

exemplary 3D wafer scanning process 700 or the second exemplary 3D

SiRElget L AR PIYELY SO Dl e QX IGEE HIRRLRYS 365H1AGY Richfot? Brafiling
orclasséications thewefeonithedspmiconduater vafks 1w ORiaineeManerimioged

the steps 416 and 418 are preferably consolidated. The consolidation of the

MFERELRS RN E%5 F5 b Altrainioncslssteth B ihe sadeoaquatan Rirder 12

inqﬁﬁ“ermmyas@%hlsn%ti@@ae?heagea ﬁiﬁl@alﬂﬁﬁe%efﬁéai(ljbfiﬂﬁ%d’f‘dlﬁﬁwd@@ﬂiCE 56. Tt
motion path is calculated based on the locations of defects detected on the
will B R RSB HHe Wil SEhM oG PRt oMmasiamibbn 30 can be

codgiaatimage dingiting ANEHOANS aloRGThecE iow Sgrn snativndaifviSwafer 12 in
calculated or determined jn the step 420. The defect image capture positions
m &Eﬁ&bﬁ%&%ﬂ%@%&ﬁé@%nﬁ%& B%%B%aﬂ?ﬂ s SREORR LB wHRIES b o

sivgnicix pleferts ress Deiaatecfheurthéc iR @b 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

Terakies eereat dgfanisdatesietllndhe staps &lfinkbeguipAtBtsRiefesalysive,
b ‘-ﬂ?f& review process 800 occurs via at least one of a first mode 800a, secondh

80 6B AN AT HirtF IR R sBYRE ATBHO IS s AKRF CHARRBF 198 d5@in ARy ©© the
incoMitserroeafite800 ivsboyndidoled 2y x@mplarysaviceniiyoeessrBadn 20 pre-
ael RIS A T TRl g tare devicess This 19 S %Ay, the itpersion
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.

To overcome the variation of the strength and weakness (i.e. the dispersion) of the
reflected rays from the semiconductor wafers 12, the present system 10 enables
illumination reflected from the semiconductor wafer 12 in different directions to be
captured by the 3D image capture device 56. This helps to improve accuracy of 3D
profiling and inspection of the semiconductor wafer 12. The use of a single camera, more
specifically the 3D image capture device 56, also enhances cost and space efficiency of
the system 10. Furthermore, the ability to use a single objective lens and a single tube
lens (in this case, the objective lens 58 and tube lens 60) for capturing multiple views of

the semiconductor wafer 12 enhances ease and accuracy of calibration.
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modes, namely the first mode 800a, the second mode 800b and the third

mode 800c. In a step 802, a review mode (i.e. one the first mode 800a, the

second mode 800b and the third mod5988000) is selected. 25 First Mode

800a of the Review Process 800 In a step 804 of the first mode 800a of the
AFRYiIB¥hYIRESASHARe thesfitstdmaass andiher sesrmnddmasesofed tethe second

defects detected during the 2D image processing process 600 performed in

CXGBAEEY 3 6Vafthe ARBIRE P URsEsare Borld dhedrter thduisirrdty and the dosatjons and
c18Qfi dheoronrelidates and saviedinsitn aggs-andssrsand BP}PeHRARE the steps

defects detected on the semiconductor wafer 12 are uploaded or transferred

410 apdegiet ratesRIEiERbEr sansatifsiedh dfneonsolidptionne] dhspdsbectinend the

losamigonsuciaisyriiohd (hercte fauinentsenneeRbHClIrivalesw @R WBtion path
wafer table 16% is unloaded and a second wafer is loaded from the wafer

in & 590 28 bt HaPHathF FSBIE™ E°BY MRIRSRAIE SrtliHIa eddpsstieeterdqsations
oftiefstepgetfetd 0B isstepieatad cfor hagsecoarbrirs. XL SienstBdpiah. In

810 are sequentially repeated any number of times, depending on the
i AR TP RIS D TR G RRY RlICSY SR BR &RYIGH o a8 BB g B culated
orf@stelisife Cangelidapomantzanimecofthe ditabinagrsiavdssaedadimagesspond
obtained for each wafer of the wafer stack 20, and the uploading of the first
Wit Loa%omeogébsﬁarﬂwga%eg?tf& WRleE et Mt AGE oS eslretetice (e. the
DRUIIng tryigmitondlherappkedajethfiieanesspl skdleadld 8) the art that the
first mode 800a enables automated performance of the steps 804 to 810
without need for user intervention and without affecting production. This

Inmethesl allowst erntixeinglprpdustian wWiile useecanparforsviefllingoase\sonf is
saved i es. This method increases system 10 utilization as well as

T M TN e 1 Y e e e R T

ankine 1= ot detBORN eitheoryicso Preass 80ar Rawatesfof evienode 800a, a
images i ured at each of the defect image ¢apture positjons as )

SRR T UG Gt DO & A FTe oGRS e

preevigwMeikiiedd image@re7 captured at each of the defect image capture
positions as calculated in the step 420 using

Exemplary review process 800

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
step 802, a review mode (i.e. one the first mode 800a, the second mode 800b and the

third mode 800c) is selected.

First Mode 800a of the Review Process 800

In a step 804 of the first mode 800a of the review process 800, the first images and the
second images of all the defects detected during the 2D image processing process 600

performed in the step 416 of the method 400 are consolidated and saved.
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25 review image capture device 60 shown in FIG.14. This is to say s review

brightfield image using brightfield iIIurEJ%nator 62 and a review darkfield image
using darkfield illuminator 64 are captuted of each defect detected by the 2D
image processing process 600 of the step 416. Each of the number of review

InI NGB BECCAR WAL AYIHISIr aNIEVA N AU GARILEES ARVICR M) inigissattiyneaskhbcts
of the number of review images is a colored 30 image. 60 It will be

defficdrest o o 55 RIpRASBH ARG A AHEcap PR ARITARIHE LIS AR St Fereliiarage

orRegesentslascsiptipn thatwtensities of the brightfield illumination and darkfield
illumination used for capturing the brightfield review images and darkfield
review images respectively may be determined and varied as required. For

InexaeprtesthpeSs dntensitiesaf Wariinaties, ysedietcaRMitugdneeiwIer Of on the
review imﬁ;ﬁs may be selected based on type of wafer defect the user of the

walceiable ohis Haloadsd gt A oieasaderpss thoartstbHam thsewntd kO wate the

wafér thifalsPRossibid d6 Captlng MHEPIC] Feview IMAQRSHSIBBIMAIBDSSIs repeated
combinations and various intensity levels of brightfield and darkfield

forjlyniissrth Watdby the user. 10 In a step 822, the number of review images
captured at each of the defect image capture positions as calculated in the
step 420 are consolidated and saved. The consolidated and saved review

Thinslges B4prisnéd heEaaeiBPaHa HefeREARA GOt ABPE U HIBRS slPErEmE on the

nusibeRdEderthe EXtRENahsierageor GeRkinoalfinehe ey 04 siep 8245l in
In a step 826, the semi%ondkictor, wafer 12 (i.e. the current semic r%ducto R
CORUIF B A SR P bl 18) |2 EeRo A0S Qs Quagp water

ofwiaferakeristiorded frarththep vafripstdcke 20 aritpaidhe wafendableddimaths to the
robotic wafer handler 18. In a step 828, each ﬁL{)he steps, 405 to 422 is led
R i g e i L T P A D

infirst Aroagesiantrsesodd S0apesblcdeligotaAdedgaigdramilbe segendeps 804 to 810
semiconductor wafer 12 are uploaded to the external storage gr servey. | e
e e S e A e T M
coiefirat@dproduction while user can perform offline review of saved images. This

method increases system 10 utilization as well as productivity.

Second Mode 800b of the Review Process 800

In a step 820 the second mode 800b of the review process 800, a number of review
images is captured at each of the defect image capture positions as calculated in the step
420. More specifically, a review brightfield image and a review darkfield image are
captured at each of the defect image capture positions as calculated in the step 420 using
review image capture device 60 shown in FIG.14. This is to say s review brightfield
image using brightfield illuminator 62 and a review darkfield image using darkfield
illuminator 64 are captured of each defect detected by the 2D image processing process
600 of the step 416. Each of the number of review images is captured by the review
image capture device 60. Preferably, each of the number of review images is a colored

image.



10

15

20

25

30

any number of times, depending on the number of semiconductor wafer 12 of
the wafer 25 stack 20. Repetition of the steps 820 to 828 results in
consolidation and saving of the captur@ brightfield review images and
darkfield review images obtained for each wafer of the wafer stack 20, and

1t Wauplaadingebdhsfisshimsgeriaed themresangrivrrasyitthe extasiale of the
storage or server for an offline review. 30 This method allows continuing

PrEseRiucti R NARE Lk cspsitishm frithe rBUighft dalibyminidigas. apkis darkficld

ilmethadhallows crpteHpamdtiple bradasrf eackwelptlat valioWwa®lield review
. combinations illuminations for offline review without affecting machine

MRS atioR e Chh JRaYe S prociSERASH Tl YAted 8poBiiive Refefxample, the
inRrRaess S0A B MatbiidiseadeBRAsfile fyigunpyacessSdeovs preieralliy be

initialized by a manual, input, more specifically an input or command by the

selgsted |Rasecey dipe e Walsr deftatdle rslethewsHgh il ibaddary e o

balibst savienaiaekfigldfintagiesrdadicstwigfact ’nRJde atappotiBRstiptiR §ieRiple
842, the user manually inspects or reviews the first review brightfield image

re R HRABFS N NAHAH AT PRGNS r I BrL RSNy dresr Qi) and

dapkighitfialdimnageand temigsiskgview darkfield image are displayed on a
screen or monitor for facilitating visual inspection thereof by the user. The

user is able to view the defect at different illumination combination using the
Inbrigbgfieid amne thendarldiale iduminater cdfulrea stepcBadst, theddsar eithet capture

accepts or rejects or reclassifies the defect corresponding to_the first defec
PARHAYE &aﬁﬁkfgls@g%ﬁaﬁh@rﬁtsps?&saéﬁﬁ%sghﬂ%% th ﬁasvee&uéfhﬁaqupﬁoédﬁ@&é&nd
safdeasieantheiwesy Aptacidnaagadctaptulite pegiiansmagcaljpuategdnitibasstep then
iéo After the steps 840 to 844 are sequentially repeated for%ch and every
unleades it el ah PR B St H BB BB FEXIE R HY AR Sfbsifications

are _then consolidated ar\d sav_e_d in_ a step 846. The consolidated and saved
e S RS RS eies e henmeed el
Wi&ﬂ&_ﬁ‘bl@m@ﬁs 8@[3)2&11‘@1Sﬁfdilia(m:dtjﬁtbﬁéhﬁf@haﬁc(be.vtfh&ﬁllllei@tloaded from the
wTisenduGior wafer 12en (e YaTe) 9hIe A0de MM RIoARE 87 i s,
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.

In the second mode 800b of the review process 800, the steps 820 to 828 can be repeated
any number of times, depending on the number of semiconductor wafer 12 of the wafer
stack 20. Repetition of the steps 820 to 828 results in consolidation and saving of the
captured brightfield review images and darkfield review images obtained for each wafer
of the wafer stack 20, and the uploading of the first images and the second images, to the

external storage or server for an offline review.

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

images. This method allows capturing multiple images of each defect at various
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25 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 visual inspection or review of each wafer. In a step
848 of the review process 800, the semiconductor wafer 12 (i.e. the current
coatbafmMiERNUURIRIWEIefd2 smthe watsl il il ikunigasachand iheAakatiend
wafer handler 18 then loads a second semiconductor wafer 12 onto the
IMPEREFS RIS the wafer 62 stack 20. The steps 840 to 848 are
repeated any number of times depending on the number of semiconductor
wafers 12 to be mspected (or number of semiconductor wafers 12 in the
IrgkMade, 80007 e Bewiew Brecess:88A by a person skilled in the art with the

ESHRE R B0 RSE IR ABOVE bR TS TS B0% athanual

the second made 800b of the review process effects a relatively

NP SRORR RS RO SR rerayraaA Py phs 4ty 18r SRt ‘i]f‘ﬁétf@& Ggptures
a HheexiesnabalOeR]ande/eRd BherfrstmadadRislanshibe secons dvrdeimage

800b represent automated review processes. The user is able to access the

CapiEs RASYEPRIOh GeS P e L6 USHTi TRARAALY, 'BFREE'C QptTREd h B 5 Epvdew
brigheirequingd. difte dikstiirpods BAalardidhe Bragnddpreal30obraaBhie the first

continuous r iew of ea g10f the wafers of the wafer stack 20 or the
reyisRtiRtshy ‘é’é"‘éﬁﬁﬂf’r Oy datidisldmAge At Siw! Hgslippé screen or
mammemt@rélhyaﬁlrgemmsiﬁap@tmm@@%m wibilg@nlyHhigerraview raodes, the

5 namel he first maode 800a, the second mode 800h e third. m
c%rd! g%rrbélﬁrnm%téoaré? IBRLRR YIRS é%%&%&fﬁ'gd%ﬂdth@%ﬁrﬂgﬂd

111amml;§1malternatrve 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
Ineaaboé ety aceravier arodss 8009a:t800beandBROCtRajheooddipdating to
20 alter éjasr uired using methods#%\own in g% art hout d partrn from
the, & @eofe Gt ISR IRVRIBRAD-AftRT tHERSe ??n‘ign oF‘Eﬁe ghigfluentially
repéards B hvarified dedetis: antthepoortinnstand acladsifieaibnsliibetee?20.
are consolidated and saved in a step 426. The verified defects, and 25 the
locations and classifications thereof, are consolidated and saved either in the
Aflatabasgeps 840 to 844 are sequentially repeated for each and every defect image

capture positions, positive defects and their classifications are then consolidated and
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
third mode 800c of the review process 800, the semiconductor wafer 12 (i.e. the current
semiconductor 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

visual inspection or review of each wafer.

In a step 848 of the review process 800, the semiconductor wafer 12 (i.e. the current
semiconductor wafer 12 on the wafer table 16) is unloaded and the robotic wafer handler

18 then loads a second semiconductor wafer 12 onto the wafer table 16 from the wafer
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or in an external database or memory space. The wafer map is also updated
in the step 426. As previously described, each of the captured brightfield
images, DHA images and DLA 30 im aes is compared with a corresponding
golden reference or reference image for identifying or detecting defects on

stdbe seMigrNskeptoruaier & The Ryerwlaniyeiarhaef3tmRadeseratiznon the

process 900 provided by the present invention (as shown in FIG. 18
R A EHSAOHCHTRHFRI O b B EPOPERFACE HRResOfsRgpnductor wafers
1understeetibyakperson skilled in the art that the reference image creation
process 900 can also be referred to as a training process. 5 As previously
described, each of the 2D brightfield images, 2D DHA images, 2D DLA

It IWIROES GaRiresdibyingphisodR WadariSCABNIROWATR GRS IRRD AIR: RIGIRAbyY the

matched with their corresponding reference images created by the reference
derpgonraRish groictys oo madaAEkerididhy BRI GOEEsisthe review

prab@adyfeescribadiwiteieirdstfiagfaps 0cessiNdaibacess oty daweyendias of
increased clarity, a summary of matching between working images an

d
captrerd JoRrgeh e dhe PRI S 19E18% CERSINF sUBSHEF L RIR S 8rand the second

m&eeRtes workingtimagade PeslasmendésiRaskmawnseferapres incdushings bkiernal
not limited 15 fo, templates, trace, bumps, pads and other unique patterns.

Stesags RERFTYRE R ST v Gy SRS iR Rttt aAThrm dviisd- it st

m6aPBIGa RS ihe Rtwichdle SuoYy kintimageinas.cantise d fesealcoatedyAers of
appropriate reference image for matching with the grking image is th

the yalgEH27he hoprBp AN eI HRRe TR R S 5 §10%e f %’?@ge'

multiple reference images created by the reference image creation 20

process 900. The %PU is prefe aéﬁl programmed for enabling selection and
G AP ST i B RIS Tt T RE e gt
napeNalietadt Meeke gaoly, thesccalauitation 300 sionhgehed ihedraotalimediescribed
._ayerage or geometric mean, stan aFI . : .
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

the present invention.

After the performance of the review process 800, verified defects, and the locations and
classifications thereof, are consolidated and saved in a step 426. The verified defects, and
the locations and classifications thereof, are consolidated and saved either in the database
or in an external database or memory space. The wafer map is also updated in the step

426.

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

identifying or detecting defects on the semiconductor wafer 12. The exemplary reference
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25 deviation, maximum and minimum intensity of each pixel of the reference
images by the reference image creation process 900 enhances speed and
accuracy of extracting the appropriate’reference image to which the working
image will be compared. Corresponding quantitative data for each pixel of
inthe:veaeking intasesisdberprardated. @0 Fhadwantitativa daasistok examaler8)
normalized average or geometric mean, standard deviation, maximum and

fagifitases A At R ST BN Mikersh iSiaMsnRss et THdl e Hodsritaadey 2
pedida aluesifoneashpixel Ofdfeecn@r king: ieageibn thendefoencatRb sraekaded

against corresponding data values of each pixel of the selected reference

ORI EHABATRSSN of quantitative data values between pixels of the working
image and pixels 5 of the reference image enables identification or detection
of defects. Preferably, predetermined threshaold values are set hy the user

Aphiariisly iatsebrdneath ahibsieR trighlislddeaerixeld SHike WasehgD DLA

inlAgag e ek Qix@lsing ihe PeleransestnadadHroatshadoagaipeiitiely matched with
predetermined threshold values with one of multiplicative, additive and a

theis tEERRIE & HE ERSr SREeB FaEH e GaITiEAtNRs datassafieddign process

ogoixels of the 10 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

Apredetpininesiipieralpiiels is iaradyareadbsting ighritgerpyiafate processing
methgéd 400. In 15 aéddition, the predetermined thresholdté\%luerhs {)referably ,
ProSFRS LS rEQUTRETa A HFHEH §/BB™Sf BBt b HBteichune matengt grotking
inBgaicantluetorenafemlag gy eisepiedided HspactiBiswy,ilkimmpiadion g@Meitions. the
urthermare, the predetermined threshpld value. may be altered depending .
sl e e BrE G BRI AT SO ABEAB L. DO Aol Hitd
toJaguiptmsntsads) AoreyEnpatinyasy steierl Onadqek apnexai phugonteinabled B dasce
. i%zg)ectir%g&ﬁemicondu tor wafers zlrze descrihed above. A person skilledhinh h
infeReit: BhoViEST WAL IR seton ~ aol Wil ASTaETRIAT T RASE ik &t Which the
wonoidificaagesve thepsisten dlcahdetheAme et mayrbecdpnewihonktching
Wi TR L A P O R B o D e e Oy
selected from the multiple reference images created by the reference image creation

process 900.

The CPU is preferably programmed for enabling selection and extraction of the
appropriate reference image to which the working image will be matched. Preferably, the
calculation, and storage, of the normalized average or geometric mean, standard
deviation, maximum and minimum intensity of each pixel of the reference images by the
reference image creation process 900 enhances speed and accuracy of extracting the

appropriate reference image to which the working image will be compared.

Corresponding quantitative data for each pixel of the working image is then calculated.
The quantitative data is for example normalized average or geometric mean, standard

deviation, maximum and minimum intensities of each pixel of the working image. The



10

15

20

25

30

25 steps of the method 400, and the sequence of steps of processes 500,
600, 700,750, 800 and 900, may be rggdified 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

q@ﬁﬁ@dﬁmh‘%ﬁéﬁfﬁ‘r&éﬁnﬁ@mﬂﬁgﬂx@%%{% aiomataginspacHesdr checked

semiconductor wafers by the system 10 and the method 400 while the

223 COHGRIBA NG B s ViR Ab AR mRF &S BrficRpeiy brafracispEash of 65
semiconductor wafers. This is because time is not wasted for decelerating
and stopping of individual semiconductor wafers at an inspection position for

Comagseapth R FRERRGTCLRE f6H Wt RUINRERPIXEEI QS ARk B HERBT A RExCls
ofSeRaiCRITEIGRr Wit framnbiRe inapeigtiafoRositiaRREgsthe fMRgesNapre:ferably,
been captured, as with several existing semiconductor 5 wafer insq%ection

Pregetemingdidimimagalbrsats sebidhcnafipfiEg captires fatrgpitative
daRaeeSSINg pibie 6RRtUMdrIMAgRRR haighytielrehdelrsisntiaiaay Rematched

present therein. The offset relative to the particular set of images for the

agaiffe the RicdRstRBr drss eld pral es S ihnRiar et B R AEa Vae flHiNS figl 2

coseraitinates of the defetdnic thetveamieandusiorniate dandy aubseguaRrtly, tiahe
position of the semiconductar wafer in the 10 entire frame. The offset is

W K eSS by FeRdifG BENER COER VRI S A h SRR 1S xRrsfig apmined

theisiacenent nadars anddisaseddalgadedlate 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
Theoig aketHiaige Sehiconsldctosv@feainspectaried 5 4t Wil aliede Rir@gE$190d the

by a person skilled.ip the art that the_time-synchronjzation of . image captures
R REP h SEMR S, S SO e B TS e gy, I
adagiadjustestdasenhned g dhieoabilii ofshecpsagiammridlasceqtiede dipending on
comﬁ]ens te for Enaﬁe offset between t?e captured images Th(f system 18 f
¢ t 8t%e§ 2 or

YBR Pindilod 460 T Rl TUEMRANSIOR R iRle 2 Presents
in§iyrelvignizativimbeiiee oosidppinof Flthinaioon ane peoastiiénedl threshold value

mSOISDAING Mo capture devices or captuing of Mgk RIMAMES o

industry’s, requirements.

An exemplary system 10 and an exemplary method 400 for inspecting semiconductor
wafers are described above. A person skilled in the art provided with the description
above will understand that the modifications to the system 10 and the method 400 may be
done without departing from the scope of the present invention. For example, sequence of
steps of the method 400, 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 ability for an
automated inspection of semiconductor wafers by the system 10 and the method 400

while the semiconductor wafer is in motion enhances efficiency of the inspection of
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llluminations used with the system 10 can be in the full visible spectrum of
light for 25 capture of enhanced quality images. Intensities of illumination
and their combinations supplied for cgature of images by the system 10 can
be easily selected and varied as required depending on factors including, but

sehRtdnaleiovdvRe. ahdefestedasbeifRiRciBtw mRteHR Rictie samisandiping of

wafer and stringency of semiconductor wafer inspection. The system 10 an

indhwidiad sRoR SHNHEER IRAERTS B RBdRERSTEARAI I dRnBRae s eaRuEs thesspinand
fopkiwighiek 3R alemptarnthessemisandustaicvmaiesindaanaisis t 3Rpection

praofile images while the semiconductor wafer is moving. 66 The system 10

Positine BrssheinMasad hfgs bardsaRtisduss (MethoptvaiprinsHetng e ngutor

wiBichheeesioet seauine. freduant shatial reRiRHRS HTAKRS thElaNg8stures
in _.semiconductor wafer structure or characteristics. In addition, the use of

fagilfatfoRRasssiing thahsyRivrabiangside diastyr Jeleshilgincithrhmivbsigresent

théifeiie systemdiOromnaie sosprchiaaily el the eptisakitspactinsagrdsdhiddi@uctor
use of tube lenses enhances ease of introduction of optical components and

wajeesaaBifsdtste dyste ArHate s ety hetieur Bpjethlenensiechythe

sefir dHBECIORSRST ABEYSIBIEqLEnelthe D FRSad YemiioR 6o pHsasVibsaiion the
isolators 24 (collectively 10 known as a_stabilizer mecf(}ﬁgism) for blPJF[fering

eniiRoVEATRY JiBFaRiSH 15 Brel Sl d e miee K RSP B S S RS S st both

thenhameeYquakptaotineagen Cap e d ydh efigtinag thCapbiBmesof 3deth@ or
econd jmage capture device 34, the 3D profile camera and the review )
deffickye clabtﬁ%slti%c@%z%?n& NOOHE R8T ey B e tBR TFhtdRGSIP T combines
adedflitien, G XXodignaeamenhighle 22 @inlidadsystem Qidnakles aeetiraiecurate
displagement and. 15 alignment of the semiconductor wafer relative the
Sem’s‘%éléi‘SW’bgﬁ%ﬁ?Wgcﬂ@gcribed in the background, existing reference image
derivation or creation processes requires manual selection of "good"

semiconductor, wafers, resulting in relative inaccuracies and inconsistencies
1 R SR E O b RLTo G oM RS BRI Wt of
iningpeapaltds adveesalyaifestetqliiredsydiam i @fdathgtiios #h0-ofntheonization
resent.invention achieves enhanced lity of inspectjon by creating
RN AR IR SR B SRRt QB G prpensate
forgangesefftiobetuctar the captured images. The system 10 and method 400 of the
present invention facilitates accurate synchronization between supply of illumination and

exposure of corresponding image capture devices for capturing of images to minimize

degradation of inspection quality.

[lluminations used with the system 10 can be in the full visible spectrum of light for
capture of enhanced quality images. Intensities of illumination and their combinations
supplied for capture of images by the system 10 can be easily selected and varied as
required depending on factors including, but not limited to, type of defects to be detected,
material of the semiconductor wafer and stringency of semiconductor wafer inspection.
The system 10 and method 400 provided by the present invention also enables
measurement of height of 3D elements on the semiconductor wafer, and analysis of 3D

profile images while the semiconductor wafer is moving.
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wafers. The reference image creation process 900 allows for application of
different thresholds of intensities across different locations of the
semiconductor wafer, thus 25 accomnqsgsdating non-linear illumination
variations across the semiconductor wafer. The method 400 therefore

THRGYaRS IedueHen e talsh ndonanteshdsigeioR Ripdgie s inpaihead

an enhanced quality of semiconductor wafer inspection. The present

14hvahigh dersonet dawiraEatisriciRdtRlcfier P BE RGN My SR B diapegs in

seRCCAMRAME W HEER IRNLUFD P B MG ARY a6l WnagRm OfhenideayrBdabikes with
semiconductor wafers. The present invention also enables automated defect

they7etEBh, [ Oreierhlssy BS8 PhssronfiryighatithyEgo s luiRafyeiginigegore

S Q&ﬁ&ﬁﬂg‘@gtﬁgaﬁﬁ%aﬂ' !ﬂ@&ﬁ@ﬂ%aﬁnﬁgeﬁhe e prasestiinentionsuadlase of
p
automated review mode (or on offline review) without 5 affecting production

InRANTHBRL0E ORSEhiFRMRARSHD A RSFESIOTHS dXiStiNg aytipthdRPTeHRRSIdISRIY
beMaRUIURYIEW IHRde andniab resikashe operator to decide every defect by
using and looking at multiple different illumination intensities. In the foregoing
manner, an exemplary system and an exemplary method for inspecting 10
TieeRysenRduota wWelepsail compaseisniFavided iiembedinasts Hf tadectively
present inventjon are described. The exemplary system and method
kolgoi S SAPILAS: BIE ﬁ@)&ﬁé&lﬁfﬁ%mwmaabw@mmé%e system 10.
TiseMiseneh eieratasp e iRnpsistenta e gityostsias saeoiinnad by the first image
background.?:%/will however be understood by a erﬁ?n skilled jn the art that
CApRr AL Trive i SRS MOt MRS RE L SEIE Gt tnd Gt RhBEHHEh & gFra and the
resieuciuiggefdhart devkodinanisieesaiibas aboy e flideitcbdapparenidiaddition,

erson skilled in the art in view qf this disclosure that numerous changes
SN BHCET G B b Rla AR GG ST sEspiasent and
alipifieaf dfehinveninddOeBwaliaimsalivAtnreipddosinspacsing a wafer, the
method comprising: performing a training process for creating reference
images, the training
As described in the background, existing reference image derivation or creation processes

requires manual selection of “good” semiconductor wafers, resulting in relative
inaccuracies and inconsistencies of derived reference images. Accordingly, quality of
semiconductor wafer inspection is adversely affected. The system 10 and method 400 of
the present invention achieves enhanced quality of inspection by creating reference
images without manual selection (i.e. subjective selection) of “good” semiconductor
wafers. The reference image creation process 900 allows for application of different
thresholds of intensities across different locations of the semiconductor wafer, thus
accommodating non-linear illumination variations across the semiconductor wafer. The
method 400 therefore facilitates reduction in false or unwanted detection of defects and

ultimately an enhanced quality of semiconductor wafer inspection.

The present invention enables automated defect detection using an analytical model that
compares reference images with captured images of unknown quality semiconductor

wafers. The present invention also enables automated defect detection, preferably by



10

15

20

process comprising: 5 capturing a plurality of images of a first wafer, the first
wafer being of an unknown quality, each of the plurality of images of the first
wafer being captured at a predetermi éd contrast illumination, each of the
plurality of images of the first wafer comprising a plurality of pixels;
pedRermningRPIHraINYi Of S farenae bnansites (e eadnehhandQpibnalitsefence
_ pixels of each of the plurality of images of the first wafer; calculating a
! ity of statistical parameters for the plurality of reference intensities of
each of the plurality of pixels of each of the plurality of images of the first
wafer; and selecting a plurality of reference images from the plurality of 15
Then Refesi IR RTG53t B 56 et PIRERY Bidipidaaiaw) withou

afRAUBIP YPRIGu GRRIURNAdI AP iVeg enat dse candavaie wiecas arp ¢ viafas Reingmént
an unknown quality; selecting a first reference image from the_plurality of

offers IH¥ M h SGEE VA SO hgetire ABurBarrifade drtifls ysshdietect by

ustwafen b Ehe fitshueiskenceicndeuiaitheiebintdatensine at least one of
presence and type of defect on the second wafer. 25 2. The method as in

claim 1, the plurality of statistical parameters for the plurality of reference
InifierToiiiesiat easimef, the plenaiitrplpixets afEach-afbppluidlibo@ffdMagesting
of,thgﬁ{gst wafer comprising: at least o_neé)f an average, a range, a standard .

SCHUCRRAYRIFONR IR s%@fgggeoaemamwﬂ? B SRRSO A ALFSaR Byention

aréedesenpedinrsitiempiip 9y stethheineidiaddasdi &dadna? 1subesatdhehe issues or
average is a [geometric mean of the plurality of reference inten&ligigs of each

prBIP]ﬁ{a %ﬁ%‘i‘l yo?)ﬂ&]éllg éﬁnélg(cgﬁd&qﬂ&mspectlon systems and me s as mentioned

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.
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plurality of images of the first wafer. 5 4. The method as in claim 1, the

plurality of predetermined contrast illuminations comprising: at least one of a
brightfield broadband illumination and & darkfield broadband illumination. 10
5. The method as in claim 1, the training process further comprising: aligning

CR#@¢%R of the plurality of captured images of the first wafer. 6. The method as

1

in claim 5, the training process further comprising: registering sub pixels of

-each’oMRLATUIIVSBE it Frad ithdge £ 5thAd COBRTSINGafer, the registering

being perforspadwitiorafarente toratdeashobR RRIRIRINHDE tigadur e i8ing
wafer. 7. The methaod as in claim 1, the training process further comprising:
storify ¥SEhGFtREMrality of reference images and their corresponding 20

plurality of statisticaghparapatprerfon g pha@lityof riereree, iIntensitieaRt being
each of the plurality of pixels thereof. 8. The method as in claim 1, wherein

the plurality U SHERAYpbteradr tldhpouitsreBrareLhtbndifrtgvater

for each of thadpucafiturefi pixels pfcaepinhte cdatpisralifiaieierentRh of the
images selected are within at least gne of a predetermined_ limit and a

predetermindt A8 gnagrs RIS SIVRAITIAANRIISEIR ARG The Lapitsied

image of the secongtaabaiinith {hadrat refeiengeriteagreaomeyisiigead of the
extracting features the captured im?&? glan extracting features from the first
oPth

reference inRAya1R0o RLTERING Fach R B S L AR of

the first reference igarRg@thide pifiydiejests @rsheabpepitevwaidora@e Rty of
features of the captured image and featuges of the first reference imag
comprising: €SB S ﬁ@ﬂ?egfoﬁfﬁep YBted inhigdsaft cach of the
computing plieatitye propgeies okthesfisikefeignce image; and

selecting a plurality of reference images from the plurality of
images of the first wafer based on the calculated plurality of statistical
parameters,

capturing an image of a second wafer, the second wafer being of
an unknown quality;

selecting a first reference image from the plurality of reference
images; and

comparing the captured image of the second wafer with the first
reference image to thereby determine at least one of presence and type of

defect on the second wafer.

The method as in claim 1, the plurality of statistical parameters for the plurality of
reference intensities of each of the plurality of pixels of each of the plurality of
images of the first wafer comprising:

at least one of an average, a range, a standard deviation from the average,

a maximum and a minimum of the plurality of reference intensities.
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matching the computed feature properties of the captured image and
computed feature properties of the firségreference image, wherein the
computed feature properties comprises’at least one of average intensity,
standard deviation of intensity, range of intensity, minimum intensity 10 and

3. maximmiiRigngitys 1. diliemethagaminidaiveth Juirther cepmmsisiadnalioninghe
the captured image of the second wafer with the first reference image prior

to mALKEMHE EdRipRte dsatitiespRbsarhe dhenrlwalitirafinialieehiep oAl the

the cpmpuigd faatkeesroperties Rhibe first reference image. 11. The method
as in claim 10, wherein the captured image of the second wafer and the first

reference image are captured using a similar predetermined contrast

4.llummpéionetBOdl4s fhtedning MesheidionplipinineRrafesanehifAagBluminations
comprising: capturing a plurality of images of a first wafer, the first wafer
beind¥'BHSW&known quality, each of the plurality of images captured using a

predetermingd]¢@nteast Bpminationtisid kb apesdinglihaeieiened imnagekficld
from the plurality of images captured, wherein the reference image is for
compiRAPanthiluaaiiye of a second wafer, the second wafer being of an
unknown quality. 13. The training method as in claim 12, further comprising:

71 regqistering subpixels of each of the plurality of images of the first wafer,
3the régiSit ﬂ%émb%%waha RGPS NS FEFEREIERelements on

the first wafgigfindeathe frigiplgrmeihertastined aiades JLHiB ETrsomapeising:
determining a plurality of reference intensities for each of a plurality of pixels
of each the plurality of images of the first wafer; and calculating a plurality of

6. Statisticahparamelerscaagosiatedaitingrocess further comprising:
registering sub pixels of each of the plurality of captured images of the
first wafer, the registering being performed with reference to at least one

predetermined feature on the wafer.

7. The method as in claim 1, the training process further comprising:
storing each of the plurality of reference images and their corresponding
plurality of statistical parameters for the plurality of reference intensities of each

of the plurality of pixels thereof.

8. The method as in claim 1, wherein the plurality of statistical parameters of the
plurality of reference intensities for each of the plurality of pixels of each of the
plurality of reference images selected are within at least one of a predetermined

limit and a predetermined range.

0. The method as in claim 1, comparing the captured image of the second wafer with
the first reference image comprising:
extracting features the captured image and extracting features from the

first reference image;
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reference intensities for each of the plurality of pixels of each of the plurality
of 10 images of the first wafer. 15. The training method as in claim 14,
wherein the plurality of statistical para?r?eters comprises at least one of an
average, a range, a standard deviation, a maximum and a minimum value of

the plurality @ht@afpreReriniensitieop@achiffdheadd phwmaliy PiHRIE Rference

each of the plurality of images of the first wafer. 16. The training method as in

claim 82t iiedslRaa g b yeoratideampi e ity bihe captured
refergnagdRiRNiliesalorach Mstherpladinabpixsispakrach of the plurality

of images of the first wafer. 20 17. The training method as in claim 15,

wherein the pluralifPBPSERE I HaPIARSEERS I6HREIPLTA HTeAibARmPUting
intensities ofegarh piohe iy ElibeafBixelsehibemiierance image selected

are within at least one of a predetermined |imit and a predetermined range.

25 18. A method fdPHPBE G SRS RFORSPIERIRG D pIGrRRY~ s image

images of adiistymiriicthrditat Wasperbeine elanrsuRkRAMBaRIY, each of
the plurality of images of the wafer captured using a predetermined contrast

illumination, "EXER 1R E YRIAIRS GRS GESRESHIBHOME TS G HRAMIRY Pt average
pixelsntédsisgl ettt eicefeioncer imagsifiomibe pluraihs iy magesual thensity
first wafer, capturing% an image of a second wafer, the second wafer being of
an uHKhBRN BN e cting a first reference image from the plurality of
reference images; and comparing the captured image of the second wafer

with the first reference  image.to thereby determine at least one of presence

IOan d tg;Bg WH}&%&{; thtlﬁgn , further conprising:

aligning the captured image of the second wafer with the first reference
image prior to matching the computed feature properties of the captured image

with the computed feature properties of the first reference image.

11.  The method as in claim 10, wherein the captured image of the second wafer and

the first reference image are captured using a similar predetermined contrast

illumination.

12. A training method for obtaining a reference image comprising:

capturing a plurality of images of a first wafer, the first wafer being of an
unknown quality, each of the plurality of images captured using a predetermined
contrast i1llumination; and

selecting the reference image from the plurality of images captured,

wherein the reference image is for comparing with a test image of a

second wafer, the second wafer being of an unknown quality.

13. The training method as in claim 12, further comprising:



second wafer. 10 20. The method as in claim 19, further comprising:
determining a plurality of reference intenpsities for each of the plurality of
pixels of each the plurality of images; Ahd calculating a plurality of weighted
indices associated with the plurality of 15 reference intensities for each of the

plurality of pixgistefirebudhiRePbiradity of tHOaRalBlofTiRt FRSHOHAE wafer,

claim 20, wherein the plurality of weighted indices comprises at least one of
a gedWidarsHRIIN berangeriaraish daRERssetiIAsHItie aRtS HIf AR e
apphving & smbination of any number of the weighted indices, a maximum
and a minimum value of the plurality of reference intensities of each of the
plurality of pixels of each of the plurality of images of the first wafer. 22. A

5 14ystemdarinspesiiiBc Wwafe bl $YSarmepBRijsREig25 means for
performing a training process for obtaining reference images, the training

process coriPERERaBRIMFY L AUFSIRF oS niesiics 4o acharer Rivafiiyof
wafepilaingrehanHalnawngyalina RIGT alcthiesplualityagfiimages of the first

wafer being captured at one of a plurality of predetermined contrast 30

illuminationS 24 BR hBIBTAFN SFHHGBS PG AR RIS AT EOMPNdRY a
plurajitfeainpixelsonédi dderiarsathing P plRENHOHf BiRERNSL MR RSITIRSpDE@BENOf
of the plurality of pixels of each of the plurality of images of the first wafer;

10 calcd@ﬂﬁ@sé’éﬁ(ﬁ?gﬁg Sfalighted indices for the plurality of reference
intensities of each of the plurality of pixels of each of the 5 plurality of images

of the first wafer; and selecting a plurality of reference jmages from the
15p|uraﬁJ§F&faim’é%é‘§eg’r‘{€fé‘sﬁ%P%ﬂﬁfb hakBer IR the RMfANQ FRIRg gprameters

weigltefiprises at least one of an average, a range, a standard deviation, a maximum
and a minimum value of the plurality of reference intensities of each of the

15 plurality of pixels of each of the plurality of images of the first wafer.

16. The training method as in claim 15, wherein the average is a geometric mean of
the plurality of reference intensities of each of the plurality of pixels of each of
the plurality of images of the first wafer.

20

17. The training method as in claim 15, wherein the plurality of statistical parameters
for the plurality of reference intensities of each of the plurality of pixels of the
reference image selected are within at least one of a predetermined limit and a
predetermined range.

25

18. A method for inspecting a wafer comprising:

capturing a plurality of images of a first wafer, the first wafer being of an
unknown quality, each of the plurality of images of the wafer captured using a
predetermined contrast illumination, each of the plurality of images comprising a

30 plurality of pixels;
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indices, means for capturing an image of a second wafer, the second wafer
being 10 of an unknown quality; mean%for selecting a first reference image
from the plurality of reference images, and means for comparing the

captured image of the second wafer with the first reference image to thereby
determine a{draghen@orerasaace st tyraotidetagtalify asrtheaeeWXthe first
wafer. 23. A program storage device readable by a machine, tangibly

emb g a program of instructions executable by the machine to perform
method stepgfarthanssiphalispeciing @ ekehitheimetiesntapseOMRASIRG an
the steps of: 20 performing a training process for creating reference images,
the AR »comprising: capturing a plurality of images of a first

wafer, the figslamafier abgingrefcatnuaknwe fualitceaahagtyhsr phsalittOfmages;
images of the first wafer being captured at one of a plurality of

pred@f@rmined contrast 25 illuminations, each of the plurality of images of the

first wafer copmppiging tBentapdlitydoRixelst deiesnining aqwalibtheffigiatgntsce
intensities of each of the plurality of pixels of each of the plurality of imaﬁes

of thdRRSEviAMICT R CFATAY S Lfaity eRsvelgprieinficiaRsd fapendf slaleaiyadhe
refergassintersities of each of the plurality of pixels of each of the plurality

of images of the first wafer; and 74 selecting a plurality of reference images
from the plurality of captured images based on the calculated plurality of

20veightedhindicases sapluingamimgeshgsagond wafer, the second wafer

being of an unknaown quality; 5 selectfing a first reference image f{lom the .
plurality of rg?é%ﬂ%q%g ality of reference intensities for each™of the plurality of

pixels of each the plurality of images; and
calculating a plurality of weighted indices associated with the plurality of
reference intensities for each of the plurality of pixels of ach of the plurality of

images.

21. The method as in claim 20, wherein the plurality of weighted indices comprises at

least one of a geometric mean, a range, a standard deviation, a value determined
by applying a combination of any number of the weighted indices, a maximum
and a minimum value of the plurality of reference intensities of each of the

plurality of pixels of each of the plurality of images of the first wafer.

22. A system for inspecting a wafer, the system comprising:

means for performing a training process for obtaining reference images,

the training process comprising:
capturing a plurality of images of a first wafer, the first wafer
being of an unknown quality, each of the plurality of images of the first
wafer being captured at one of a plurality of predetermined contrast
illuminations, each of the plurality of images of the first wafer comprising

a plurality of pixels,
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and comparing the captured image of the second wafer with the first

reference image to thereby determine
defect on the second wafer. 10

23.

7?t least one of presence and type of

determining a plurality of reference intensities of each of the
plurality of pixels of each of the plurality of images of the first wafer;
calculating a plurality of weighted indices for the plurality of
reference intensities of each of the plurality of pixels of each of the
plurality of images of the first wafer; and
selecting a plurality of reference images from the plurality of
images of the first wafer based on the calculated plurality of weighted
indices,
means for capturing an image of a second wafer, the second wafer being
of an unknown quality;
means for selecting a first reference image from the plurality of reference
images; and
means for comparing the captured image of the second wafer with the first
reference image to thereby determine at least one of presence and type of defect

on the second wafer.

A program storage device readable by a machine, tangibly embodying a program
of instructions executable by the machine to perform method steps for transcript
inspecting a wafer, the method steps comprising the steps of:
performing a training process for creating reference images, the training
process comprising:
capturing a plurality of images of a first wafer, the first wafer
being of an unknown quality, each of the plurality of images of the first
wafer being captured at one of a plurality of predetermined contrast
illuminations, each of the plurality of images of the first wafer comprising
a plurality of pixels;
determining a plurality of reference intensities of each of the
plurality of pixels of each of the plurality of images of the first wafer;
calculating a plurality of weighted indices for the plurality
reference intensities of each of the plurality of pixels of each of the

plurality of images of the first wafer; and
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selecting a plurality of reference images from the plurality of

captured images based on the calculated plurality of weighted indices,

capturing an image of a second wafer, the second wafer being of an
unknown quality;

selecting a first reference image from the plurality of reference images;
and

comparing the captured image of the second wafer with the first reference
image to thereby determine at least one of presence and type of defect on the

second wafer.
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