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

semiconductor wafers argk@eENS KNS AT O Fe) IS FROTING UCW AFdurtry. Semiconductor
wafer fabrication techniques have been consistently improved to incorporate an increasing number of

features into a smaller surface area of the semiconductor wafer. Accordingly, the photolithographic
processes used dyrIaviaggductor wafer fabrication has become more sophisticated to allow the 15
incorporation of increasing features to the smaller surface area of the semiconductor Waferéi.e. higher

performancel Of tRE SRS RHAAIE Wisfe B e BhYegL MR S EASBESH BB BIMSSF LS My LEml¥nductor
wafers gre typicalfydenthentuaiion 1ecpibiiEromrangemidsl evidesth thaumasiactueersiebsamiconductor
wafers have an increasingly pressing 20 need to improve semiconductor wafer quality control and
inspection prSEYERRELTSTEHNIPAE USnsistently high quality of manufactured semiconductor wafers.
Semiconductor wafers are typically inspected for detecting defects thereon, such as presence of surface
particulates, imperfections, undulations and other irregularities. Such defects could affect eventual
performanc St edconductor wafers. Therefore, it is critical to eliminate or 25extract defective

semiconductpigvatgnrsydusnenfigenantdasisteadperagh Hhergyhayre hepiradvaacesiieamicarductor
inspection systems and [%rocessesl. For exargple, highfer reS(()jILétion imaging sysltems, f,after %omputers,
and enh%ncga%pggg}&,. or example semiconductor waters and dies, 1S 1ncreasingly crucial in the
semiconductor industry. Semiconductor wafer fabrication techniques have been
consistently improved to incorporate an increasing number of features into a smaller
surface area of the semiconductor wafer. Accordingly, the photolithographic processes
used for semiconductor wafer fabrication has become more sophisticated to allow the
15  incorporation of increasing features to the smaller surface area of the semiconductor

wafer (i.e. higher performance of the semiconductor wafer). Consequently, sizes of

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

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

25  extract defective semiconductor wafers during the manufacture thereof.

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

brightfield illumination, darkfield illumination and spatial filtering techniques.



mechanical handling systems have been commissioned. In addition, semiconductor wafer 30inspection
systems, methods and techniques have historically utilized at least one of brightfield illumination, darkfield
illumination and spatial filtering techniques. 2 With bfightfield imaging, small particles on the
semiconductor wafer scatter light away from a collecting aperture of an image capture device, thereby

resulting in ayagdustionfeIHNsHLRBIAY fatReinA0theariHQHSYIES: Whanthadaitsledsgmall in
comparison with the optical point spread function of a lens or di?étalizing pixel, brightfield energy 5 from

the immediatESt 8L U HESRARE Heobahi R g ARRYIY Cotitibibsshd e AimsURt bidHErSY Rllative to the
particle, thergy-feakdnertherpaniclmsifficupindatonte magditing i ens small iadustiparisbgnergy due

to the small particle size is often masked by reflectivit])/ variations from the immediate areas around the

particle ther@B{Pr 8% AR RRIPS 20RO IBIRENTERS Britas e adidialifdnschbs Ty ishHIElh @ e above
phenomena 36 sRMisAnIMAtoRBsPasHamaIStaRmSARAYE RS GAY PRGN Nigh-enshsameras with

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

brightfield infRgEs JeherailPHas @Y iidtethpishy (Brtaghnaaris s dfiettdg dstrc ioedthiahg size of

defects and wbeveipspasting drtiodefe@rerb§Rarkfisldn wiinatjprrnd discadvantiagamacedgeperally
well-known in the art. Darkfield imaging has been employed with several existing semiconductor wafer

inspection sySHSHY IBaYRFARP IR AHY Bpicamy dalseHaes sHnRdabhg et alniCrerdnt Fes e iAcident on

the object toiherdaspeciedirhaclpwrangle @ rhodzebtdplde Gltenbias Whbeeinsrasiaendor example
3 to 30 degrees), darkfield imaging typically produces a dark 20 imag& except at locations where defects,

such ab%urfSeB pArEEIatdeSRATHOREAHISHY JRdcoRRER RALRRSH At Ui AG SR LR 18F e rkfield
imaging is tadighti tigheetaaih whighrsizas ke nealiglethaiifiite eea\bngheower @filenssisadfte. produce a

brightfield image. At a hi q%%grggle to the horizo tab%ane (for exam'é)le 30 to 85 deﬁc%r es), darkfield
imaging typicaly Prddues r U3GBSt FHSGEY cdRpardd RS ightiteld SRERSS. Bea tuldt 25 use of
such high angleadaigdirid fisnaginenenpaneas derdcasinf stdacespEegratitivsiefea@smirror 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 30 of image obtained
with eaigh of baigfidial dll ainel aiddialetinnagidvanBoth anécpemng INAI0-Blidictiule sherage Nipkiikld
semiconductor wafer affect the I'I%hi reflc?ctiv't of the . . . .
imaging has been employed with™ several existing semiconductor wafer inspection
systems. Darkfield imaging typically depends on the angle at which light rays are
incident on the object to be inspected. At a low angle to a horizontal plane of the object to
be inspected (for example 3 to 30 degrees), darkfield imaging typically produces a dark
20  image except at locations where defects, such as surface particulates, imperfections and
other irregularities exist. A particular use of darkfield imaging is to light up defects which
sizes are smaller than the resolving power of lens used to produce a brightfield image. At
a higher angle to the horizontal plane (for example 30 to 85 degrees), darkfield imaging
typically produces better contrast images compared to brightfield images. A particular
25  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
30 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



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 reflectivity of the surface of the
semiconductor wafer. The light reflectivity is in turn dependent on wavelength of the incident light and
material composition of the 5semiconductor wafer. It is generally difficult to control the light reflectivity of

semiconducteimaiedadebesetteddendpaiPe clinpudinis iInRecause-theysamicandystacivatesmiay consist of
several layers of material. Each layer of material may transmit different wavelengths of light differently,

10 for examBIEREAfFePtihe SiEadomas daisrofiApeifem dighaiheairring fiiscperardshfitighbr even

reflectivity. AcEiREgivIgNY oit WKl hiefapd Al aRessdictliwerén. thaartdhatdhedusa phidight@rdllumination
of a single wavelength or a narrow band of wavelengths typically adversely affects quality of captured

images. Nedf PSPFRuAL RibHitfestonYr the SRGREHalidhingi o KATFE BARB VLR tentithis requires

use of 35 mydtiplespatiad fliges. or wavelength tuners, which can generally inconvenient. To alleviate such
problems, it is important to use a broadband illumination (i.e. illumination of a wide range of wavelengths),
for example broadband illumination of a range of wavelengths between 300nm and 1000nm.

20Broadbangt ilursieation dsfitiae tass e Paty eMAgrbfi @ alivf issrgesasciehasderpiansling wafers
with a wide range of surface reflectivities. In addition, defect detection capabilities of wafer instpections

systems will GEHERITIBE: chiHS At BECBYSE LR oT AP Ao NGNS YoP leSEifiBle e dtiboth

brightfield angaéaikfiaidduainabip st Existingywaleinsy ierascit thevaadketsder mphutdizeiiminations at
multiple angles and 25with a full broadband wavelength, Currently available Wafergitgspection systems or

equipm&nts HPicEIRMRE dtie & fﬁ@%lIéﬁﬁﬁqu@?hc?d%%?‘hcﬁ?éi‘?ésmmﬁiﬁlehlaé@pdﬁ LBbribg vafer

inspection: (pydMuliipiritdage CapumeDavcesvstbiMlinaliLbainpiara(MICHY S ThielddIGD uses a
D e o o S, LT M S 85585 ng gpnciple of

wavelengths typically adversely affects quality of captured images. Need for frequent
modification of the single wavelength or narrow band of wavelengths requires use of
15 multiple spatial filters or wavelength tuners, which can generally inconvenient. To
alleviate such problems, it is important to use a broadband illumination (i.e. illumination
of a wide range of wavelengths), for example broadband illumination of a range of

wavelengths between 300nm and 1000nm.

20  Broadband illumination is important for achieving high quality images as well as for
handling wafers with a wide range of surface reflectivities. In addition, defect detection
capabilities of wafer inspections systems will generally be enhanced by use of multiple
illumination angles, for example use of both brightfield and darkfield illuminations.
Existing wafer systems in the market do not utilize illuminations at multiple angles and

25  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)

30  The MICD uses a plurality of image capture devices and a plurality of illuminations. The

MCID is based on the principle of segmenting the wavelength spectrum into narrow



bands, and allocating each segmented wavelength spectrum to individual illuminations. During design of
systems employing the MICD method, each image capture device is paired with a corresponding
illumination (i.e. illumination source), together with corresponding optical accessories such as a spatial
filter or a specially coated beam 5 splitter. For example, wavelength of the brightfield is limited between

400 to 600npLASNAeNTENRE daBrpsand sradial diltaeand thedarkiig/ddaiimiiediheieanaso to 700nm
using lasers. The MICD method experiences disadvantages, for example inferior image quality and

design inflexiBifit)e IAFSHSr haygcqinrinlodines the MInE mrhed ettt itites aRepeladdsvsrers,

combined withithe usrnofdllupregsianswith naiiewiohO wavealendths: SHesign-deflextiiitipcadis because
the modification of the wavelength of a single illumination typically requires reconfiguration of the entire

optical setuBFBIBWRERS iRRPEEBFFEySHEm. HCAdaBPHE MIKES Rbtholeiiba KPaEs Rdthllow
capture of illymmidatians WithhysieyiRgvavigngihmo b a el nagm e bievdeyiaeovitheobsrimprising
quality of captured images. 15 (2) Single Image_Capture Device with Multiple llluminations (SICD) The
SICD methol 5o SSHigI & 45 APl RAHE RHo B S5 T FHSIEIS ITHAAERSREBithe ot
segmented Weygliehgths Ri&RoauRaDOTR ielargthspElneyetithis nahposshie tanplainferdiple

illumination responses simultaneously while the wafer 20 is in motion. In other words, the SICD method
only allows JRESHUMMHUH AP eSPERRAGEIP Y WASHTY iHTRstOHH' SErk/EOmidRme ifthitfation

responses, thegl&GRisetiadReies inag eceapiues wiileHb e waderiifalativioasywithiehadfects
throughput of the wafer inspection_system. 25Semiconductor wafer inspectjon systems employing
simult eouéﬁ%ﬂe&eﬁ&eﬂﬁwmgﬁﬁ?}m@&% H%‘Mb%‘i‘l% GHEPBA ﬁ?ﬁe‘f@‘éﬂanéghﬁge‘}d or in

general multiplgldluninatians agivsigeuuliiplerinage capivicodauices ake dnidaresemntiyoavadable due to
a relative lack of understanding as to actual implem tion and operating advantages thereof. Existing
semiconductt? ’I’ésrﬂ?%ﬁg]cﬁ%%e%s grﬂihlé%“er‘llﬁﬁlgﬁﬁﬁ erﬁlﬁﬁpglf CBr BOBICIS S @R TARTEEF earlier.
Equipments efmiplayingtMiC b petyise broadbantsabg a single image capture device without
comprising quality of captured images.
15
(2) Single Image Capture Device with Multiple Illuminations (SICD)
The SICD method uses a single image capture device for capturing multiple
illuminations, either with segmented wavelengths or broadband wavelengths. However, it
is not possible to obtain multiple illumination responses simultaneously while the wafer
20  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.

25  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

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



suffer from inferior image quality and inflexible system setup. On the other hand 5 equipments using
SICD experiences diminished system throughput anr% incapable of obtaining on-the-fly simultaneous
multiple illumination responses. An exemplary existing semiconductor wafer optical inspection system that
utilizes both 5 brightfield illumination and darkfield illuminator is disclosed in US Patent No. 5,822,055
(KLAL). An eqihprisientofibesaoticakinsneactionisysiamedissiaser inklahpuithres MG RS @xplained
earlier. It uses multiple cameras to capture separate brightfield and darkfield images of semiconductor
wafers. CapRiFeinBiigPridr: Ansieianserinmayes s dlwmngbio ssee8Séparately or together for detecting
defects on the semiconductor wafer. In 10 addition, the optical inspection system of KLA1 captures
brightfield and darkfield images simultanequsly using separate sources of brightfield and darkfield

illumination. R ATCHIHREY S SHRAGIEHRIGARIHTY Bt AR aIng RegHEn TS ShluHivT PP Wavelength

spectrum, naiightfaaadiilivmninrabe aspaiaeseand spatiablilie wdaoaniphling capiwaef stezbogbtfield and
darkfield images. In the KLA1-gptical system, one of the cameras is 15 configured to receive darkfield

imaging usidgrartow Bh AR PedinsHqdphaPRite?! eSS soitradidontd irelt it lENE T est of the
wavelength spROUR dgingneaghatirld Hurunatiom fedambeamsplifeirwvikpsResivd cRatidg.and
Disadvantages of the optical inspection system disclgsed by KLA1 include unsuitability thereof for

imaging difféfEk{ S BREL o MU YIS & rRyEed st HSt anrfsackiisld dmages dte to 20
segmentatiome preceavelenatasnesitonbiididsampenm gk ighilncokpladivatiiespecdice. ilimination
and there is no flexibility of combining, of more than one available illumination to enhance certain wafer
types. She savﬁ%ht’t%eﬂ?g RBURAY BIRETP RSyl b S APEHE SRR HAP LLRTB PO IMASAS ction
characteristichraill e@s@isl jllusipatigmang e freexanpighusing Ry atiribrlonentiiaguiresicambination of
25 brightfield and high,angle darkfield illumination to view certain defects. Accordingly, the optical
inspection syStERY Of ﬁ@%@%ﬁlﬂ?eﬁr@%ﬁiu%ﬁwr& HyRE oPSRtFRAESh %@ng%ﬂ’%lﬂg@ ‘%i”ﬁgqforming
multiple inspgeiianpasseswnddiiplaseamidichurctyrandifpatiaiirathsaegbpatiafdhamusiemniHe thereby
capture multjple brightfield gn rkfield images, 6 Additional exemplary exitin tical inspection
cyetems oD i B e S ARl 5 sl BT SARLTT S bR 6B 9% Bos

(AUGIEECH Ly @fftt&dRatesdeNe. aA3eidconAife EedR)rdar kel imsaging epinaloflical Thepection
systems of AUG I'ECH1 and AUGTECH? utilizes a plurality of lasers for low-angle d rkf'eEI;d imaging,
el a fiver OGS HGRETOT RIGHIETIE CETRHEIE T AIG, A SAcHOh BRE Bl s pENL T Sy storm o
AUGTECH linoahiAbifod' BadH2 usasna siligee caithe paaaisedantg bags iat5i€ Domeibodpeixplained
earlier. Accordingly, inspection. of semiconductor wafers in AUG 'ECH1 AUGTECH?Z2 is performed
cither by by RTEH S ) BTk heloRE S GHH ot BT BRI aging anc
darkfield imaging diwhereinaéashohipe donighifielebsnagiing ancfankifietd imedigng idgedoemed when the
other ig completed. The ins eﬁtion Sy, teml?f AUGIECH hand AUGIECH2 is n?t capable of s'ﬁnultaneous,
on-the 1) or TS WAHEP 15 Wbttt BeSSHNRE brdReriaAy dSriheld i sghRic At ingly
multiple passepaftaachilsenmadndusidr waferis requleibititycarh pletiminingpettimoihataaf, sgasulting in

lowered manuf rin o . . .
available 191um1nat10n 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

25  brightfield and high angle darkfield illumination to view certain defects. Accordingly, the
optical inspection system of KLLA1 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.

30



15throughput and increased utilization of resources. In addition, several existing optical inspection
systems utilize a golden image or a reference image for comparison with newly acquired images of
semiconductor wafers. Derivation of the reference image typically requires capturing several images of
known 20 or manually selected "good" semiconductor wafers and then applying a statistical formula or
technique to AagigbiafiesivaiayelRianee nageindpdisasivaniase will sigahaxesierivaianssdhat
inaccuracies or inconsistencies in manual selection of the "good" semiconductor wafers. Optical

inspection syet&hid dmasiperirerdissietsthifig b ity e Srbrm tuse YEdaS 3t samicdhtuctor

wafers due tpiRacsy 3 9r MEPN&SE LIS feensRIiAgRsn Y\ithie Gpasinalypeemiplexseiayit geometry
of semiconductor wafers, reliance on manual selection of "good” semiconductor wafers for_deriving

reference im%@@?ﬁ@s%%@%ﬁ@lé’%ﬂﬁn@r% Hidhsgisaify aantpalisdaskiividhe

semicorluciidpisipeciana Tehéstoptid AROfitne 1 IapH:AVRIaRIRIRUVIRRGHS. Usesdaithat, average or
mean together with standard deviation to calculate a golden reference pixel. This method works well with

known good PAYEH.: BtREFIRLE G B AP hbIsE bt wh{ft Fridire Rsssrt SIEE S ¥R a8595e or mean

value of the saterenspisedi@Datheisneiinsisdemsermeianiaidhitingse fisadifcrechivtadecasice due to
noise pixel but is not passible ta eliminate the effect of noise substantially. All of the available equipments

try to reduce YA 'SR AR EPNilgatrerd Gt Witddaor ferermsretheily e ightie ik masng Medan among

others, but taeykdelneihaie 3Ry sRechahBinkise: feilysagivence inglivinaleliierierdamstah special
sequence cevr(l}aéinly helps tg eliminate i)ﬁls whijch qui” affect the final reference pixel value. 10 US
0

6,324,288 (AVEFECGESY G5sBe s g ding #sita i tor T Bagiidels REEPSAKEE S¥ehelénce image
for use in sepuiRenuctaipiatar iMapeiipactidie SNatiothdisalases HA Ukd EQIRSTEQHPE % " IkBoWN Good
uality' or "Defect Free" wafers. Selection of such wafers is manually or user performed. Statistical
%rmul);s or f@@‘?ﬁ[ﬁu% SPEHARCORYIT 15y (fériwah Gh& r‘énb‘g e D E\lg deferite and
consistent seleghigieial g0 argtiRlidyinviars s @oidialier anauateprctconsistanicapidtbaattor
semiconductor inspection. FL}rther, Al]:eG I'ECH3 uses Eean andé!itand.ar deviation to calculate individual
pixels of the‘?@ﬁgf AEIHIEg e A GBI g BIRS A UL FREHROL BSCAT IR FEakP Y TRA CRAPIAS IR nce pixel.

The defectivehpiughpocuis theetodd rigramatier @sathes defects, which would 20 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 AUG I'ECH3 is open to inaccuracies, inconsistencies and errors in inspection of the
semiconductar whklieisn, Isaddiliokispticalprispe diigrsysiesy sksciosdatlia AUGIIEL Hagsesradlash or
strobe : : : o .
reference image for comparison with newly acquired images of semiconductor wafers.
Derivation of the reference image typically requires capturing several images of known
20  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
25  reference images. With increasingly complex circuit geometry of semiconductor wafers,
reliance on manual selection of “good” semiconductor wafers for deriving reference

images is increasingly incompatible with increasingly high quality standards set by the

semiconductor inspection industry.

30 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



25 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 30diffepgntiglshwaslelaifgclaiheisialisyaparideniseletemee inagedf shenfystevubadatdaken care of
such differentials due to flash lamp. In addition, illumination intensity and 8 uniformity varies across the

surface of the WL SRALALOR oafal e d Rl TSERInG PRI not M idhedoneikney of tvdshvater,
mounting angnligiit sebachivitysabaitieraetpsiiens of iassyifreewWiithautiainarateresotnithe

variations in the flash intensity and the strobing characteristics of the lamp, any reference images

generated irf5628H QUER Sy ¥asRI I SFTETI R R unriBBTdns P thisdatstdnmian B Y RSP comparing

with cagguregbimagemetfiffatenteasitivng ¢itbEre Risengusiv Maleriiaikatiensrit isodurt
specifications, for example semijconductor wafer size, complexity, surface reflectivity and criteria for

quality inspettRsid ¥ omiinths availabisi cOntRGEar 16 HYERAN € ARCETERR BN ReMRS ARG water

inspection syskamsfastisiethesshnrpetauRa aapaiie, ohdosRestiog Suaternabatians iBPreduste
specifications. However, existing[ﬁsemiconductor wafer inspection systems and methods are generally

incapable of 8RtiSRECIBHIPinESE G YIRS FIBSR pCifCatiblis, SREEdatfAYRACH the

increasing qualityn$iandgsds sahiatbpisericardustu dndusih BriaDrdxemplpietypical existing
semiconductor wafer inspection system uses a conventional optical assembly comprising components, for
exampié) cameras, illuminators, filters, polarizers, mirrors and lens, which have fixed spatial positions.

Introduction Osresyvabefeanpupe ) efiibie RpticahRssg by gEraratbareguiresi 2h redsrangement and
redesign of the entire optical assembly. Accordin%P/, suc se,miconductihwafer irgspe%ionfiystems have
inflexible de S SF AN HYRESHORLSEAR SR AT ARt N AIS PP FEH A M B RIHOHifRGIB  thi¥eof. In

addition, distaucTiREWsesqabjectivadars@lsheeanvensiorDeitiaahrssemblys apel atimicondieetor wafer
presented for i %pe.ction is%j picallg too short t?i) llow egfgf of i troducti(hn of fiber OH%tics illukrgn%icﬁation
25with differ?ﬁﬂ? Agfe I8P YRHHICTIBRIRENEH. YABPESr e HitHE ol BtRBIWR Ty REh B ctor wafer
inspection systefssivingd Methdeendowayes, because at autieninactoatiechniedd@xpedisegand operational
know-how, . ) . ) . . . .

quality” wafers is crucial for accurate and consistent quality of semiconductor inspection.

Further, AUGTECH3 uses mean and standard deviation to calculate individual pixels of

the reference image and presence of any defective pixel will lead to inaccurate reference

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

20  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
25  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
30 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



existing semiconductor wafer inspection systems cannot employ simultaneous brightfield 30and 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 wafet 9 inspection systems and methods for enabling
resource-efficient, flexible, accurate and fast inspection of semiconductor wafers. This is especially given

the increasing,gemplexityief alectticné cipUteyopireRistndisiabmatess andithpdnsieasingiguality
standards of the semiconductor industry. S Summary There is currently a lack of semiconductor wafer

inspection sy&feRft dineitetbifonkeaiiint dhempleyingwaitnsrymtribedard aciviz drrbdrgnt
simultaneouglyaiyddriaReRdeaty. foripRITOEARIMY insPactamyNie. it a6 MIce sk etahvigdalsisyin motion,

while providing 10 configurational or. design flexibility. In addition, there is need for. a semiconductor wafer

inspection sySEMSAHEREN® COAPIREFSTRE BB 1P AMPIEr SMIFKISTS SEATHUFS, IBRSARR fens, filters
and mirgors, favadiexibismand adiisablaspabrl intereenfiawationsenGiven the insigasing eamplexity of
electrical circuitry of semiconductor wafers, and the incre,asinﬁl. uality standards set by the semiconductor

industry, aciRIB{FA AT QS Lhteyens RSB G SR QORER is increasingly critical.

Derivation of golden references or reference images for comparison with captured images of
semiconductaor wafers currently require manual selection of "good" semiconductor wafers. Such a manual

selection cary AEGURR IATOGHEE ST IHEBMSISIeHERPI tRRIGARTR Vet i %m &SGR ISHY therefore

consequent ispestiefl@tisamicandyaan Wafgelifcanisioghn, thereodthisinetd {eminpiaxadrtraining
methods or praocesses for deriving reference images to which subsequent aptureij%ima esn%;
of the

semicoructBrNHREr& e HRE ¥nT SIS AN HLOp ekt PSHHOR SELRlis A dredod nesdi's
above-descriapsbisswesidspebagimanis afihaipresent pry@ntiospptaide @i .ingpeeien sysigingand method

for semiconductor wafer inspection systems and methods are generally incapable of
satisfactorily inspecting such variations in product specifications, especially given the
increasing quality standards set by the semiconductor industry.
15
For example, a typical existing semiconductor wafer inspection system uses a
conventional optical assembly comprising components, for example cameras,
illuminators, filters, polarizers, mirrors and lens, which have fixed spatial positions.
Introduction or removal of components of the optical assembly generally requires
20  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

25  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
30 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



25 inspecting semiconductor components, including, but not limited to semiconductor wafers, dies, | ED
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. 10 contrast illuminations for capturing images of corresponding contrast illuminations. The 2D

wafer inspeqtigpeisipgriguead Whienibg yries i pnatiorsatidscearpieted Wil one nags afdie 3D wafer
inspection is facilitated by a 3D optical module, which comprises at least one image capture device and at

least one thiffindMBFAHRROPI TARPI RIS SiRmMARTEh sUPIidY 5YRFANN BREMURRINACISAINEN is either
laser or broaghandxllymninatietrraureecanBoiby issiiesiecathesemisanavctpiwalaioviilaitye
semiconductor wafer is in motion for capturing 3D images of the semiconductor wafer. Defect review
performed by 43S RIhE S YGRS PLANYELY by a defect review optical module. 10 In accordance with
a first agpect of the embodiments of the present invention, there is disclosed a method for inspecting a
wafer comprising performing a training process for creating reference images. The training process
comprises c2BUMRS A plurality of images of a first wafer, the first wafer being of an unknown quality, each

of the pluraliphefe ibcinreas 8f 46k dirstmrigidaeiod wapiliepatdPEgeiasmiaed shedkpsipbrIination,
each of the plurality of images of the first wafer comprising a plurali% of pixels and determining a plurality

of reference ShtEMEIRa Y PRYCRTEFHIE g o R Al MYsRisrdr indsgewshiie first wafer.
The training fiopassriditizemepropoisastericuiatikgi eopluraldly whkiatisticah Gasaneliaes fasaenglurality of
reference intensjties qof each of the 20 plurality of pixels of each of the plurality. of images of the first wafer
and sei@ctinﬁoélfbﬁblféﬁ@/lg)f PEALTEISR ?ﬁgﬁg@’fiﬁﬁ%’@% FRRES 5t e BY rmRicretuAes "BiERd on the
calculated plarptittioh statisdinahiairmet@iapdhenmethaddnr taspeciinglthelwaleiaturtheseamprises
capturing an image of a second wafer, the second wafer being of an unknown quality, selecting a first
refzrencge im SC?FB tHe BF&?E%IW%FP&S’FM&/' élﬁeaﬂt&? %%‘i?&h‘ﬁasrl?ﬁﬂ%lé‘tgé TRHag gof the
second wafeGivith theificst isiiareneepimagedodibenehy detairmynes atiershanadf wiessnardamd type of
defect on the second Wafiir' In acﬁﬁpﬁglgan(:ﬁ’yw#h a second aspect of the embodiments of.th(ée‘é)resent

0

invention, thlFE S8 HhEcHSALEY 2 iR Bt dor BREHIHGY FERMRLRCS FHABE CHIM SRS spturing a
30plurality obimager efdufist wallr, the fuatiovafer heingiahaly uokaoxwn gualitytieacbfofddiadalurality of
images captured using a rfedetermined c?ntrast illumination and selgctin 11 .

references or teference images for comparison with captured images of semiconductor

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

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

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

20 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
25  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.

30  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



the reference image from the plurality of images captured. The reference image is for comparing with a
test image of a second wafer, the second wafer beinfgof an unknown quality. 5In accordance with a third
aspect of the embodiments of present invention, there is disclosed 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 Ryality pfimagashf thecuialtaptied ysinaRpPEAeiertones cantmshiismingtion, each of
the plurality of images comprising a ?Iurality of pixels. The method further comprises selecting the 10

reference imAge it IRRCHiRARPEHRHAGL & B fbgira s molithtdi theomelrisd 2dfhohees

capturing angigagenefaseenndivadelioth s sectRdraeaEmMeppanmeknevnsRibmfhemethod also
comprises selecting a first reference image from the plurality of reference images and comparing the

captured imdgstofiife LBRBNEHPIRES Wi ife #7d: Alrdratic®habind e rdByiRtsmid 814t 1t one of
presence angiiyipeafdefeshasdhs LBsesandinaian imesordanae withecours aspeesabihie

embodiments of present invention, there is disclosed a system for inspecting a wafer, the system

comprising rHE4RRGPBe ¥R tPLiiing ortesEdorbbtAfing s el mapiss. Mhtl¢raiifng process

comprises cagiongion whikality iaf ildagesef enpristimabm, ihedisbivateshaibenabanuwkrgwn quality,
each of the plurality of images of the first wafer being captured at one of a plurality of predetermined

contrast illurASEbHE BYATEPIME DR NG/ BIRRTHERS B tHE fifat s SonAsiriast 'S PRIFARY D pixels. The
training processldther comprises determining a plurality of reference intensities of each of the plurality of
pixels of each of the plurality 25 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 wafan 1t@idaivogviptoaessalspaorprisesablrbtingta plulaityrefiefarenamimages from the
plurality of images cche first wafer based on the calculated. plurality of weighted, indices. The system for
SR P

inspecting t QO B8RS B WSO RATHHAY8 S A 8ELBREPRETET, e second
wafer being efeatingnisneretice ualipesMEaNsdoiselaotiog adifgrieietapariipagsdramytbe iplugality of

eference imgt [ty el e SEIEAR Al o pIBSEHEE A pecbr b lo bt B8 Lhcting water.
5In acqordanee g adiéthiaspectobihe eaphadiingnip eliprassintdventon ilheiision, each of
the plurality of images of the first wafer comprising a plurality of pixels and determining
a plurality of reference intensities for each of the plurality of pixels of each of the
plurality of images of the first wafer. The training process further comprises calculating a
plurality of statistical parameters for the plurality of reference intensities of each of the
20  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
25  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
30  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



disclosed a program storage device readable by a machine, tangibly embodying a program of instructions
executable by the machine to perform method steps for inspecting a wafer. The method steps for
inspecting the wafer comprise the steps of performin]g{)a training process for creating reference images.
The training process 10 comprises capturing a plurality of images of a first wafer, the first wafer being of

an unknowngpalityrerehiherridality plimagest ahihefirsipiater beinggeriedai QNe gba plurality of
predetermined contrast illuminations, each of the plurality of images of the first wafer comprising a

plurality of pFRIP2FRE HATRIAJSIBRSS RirthePBIMPHEES faerifthy ApilERg Of PBrdFREY htensities of
each of the pfyatify of pixels of each of 15 the plurality of images of the first wafer and 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. The training process further comprises selecting a plurality of

reference impgescrmmtie wity alithpticapieredfinmagemboseean the sRigHaeddiisalitthefevgighted
indices. The method steps for inspecting the wafer 20 further comprise capturing an image of a second

wafer, the sebenasarhiepe 16F 1 ety S M GPRUHF LS SrR MUY g oS te plurality of

reference imggesyaad GRMPANTdNBaapbirad imawe pingisecank saferpiitalthedinshigéerence image
to thereby determine at least one of presence and type of defect on the second wafer. 25 Brief

Description SEHESTasaRIYEE MBI ArY efThemmeh & BFasE EBERiR er O A b g Rl REBY Hereinafter

with referengmigdhe daliaiving drpningiy ivtvpictls. 1Bhklethshotugirpatiapisemetliccuiawthé the system
of FIG. 1; FIG. 3 shows an exploded partial isometric view of an optical inspection head of the system of
FIG. 1 h%cor’mﬁé%%igwgﬂ'éﬂﬁﬁ@n%‘é‘ﬁlﬂtﬂléﬁ BUaReq @%&f&%‘%ﬁ%&bﬁ%ﬂm&%ﬁ@ﬂc view of a

robotic wafecsaiei ek thgairsiennoifde. df acrouingvideriane "R chidhkghieBdin &5 ad;unkifdém 5 shows an
exploded partial isometric view of a robotic wafer Igader/unloader of the 10system of FIG, 1 according to
view "C" higﬂﬁéh%ﬂheﬁ&?t‘?\,ﬁﬁ]@ %Oé‘%%%sasﬁ’?&%%%E‘rﬁhfﬁ%f%ﬁmgﬂ?é%fé%@ﬁ ngélr@té?fk module of
the system atfelenck ascedingdacviaparing hightighteddnirige 3f 1aF-kecondhavis avpartiad isigmetric view
of the optical inspection head of th S)éstem of

reference image 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 a wafer, the system comprising means for performing a
training process for obtaining reference images. The training process comprises capturing
20  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
25  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
30  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,



FIG.1; FIG. 8 shows a partial front view of the optical inspection head of the system of FIG. 1; 20FIG. 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 @evice 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

25illuminatioghgunrpliadibly dova fnishtield ipimiaaiangl biheXidclnd Wafsrasimnebartehaaexamplary
second ray path followed by the darkfield high angle illumination supplied t%the high angle darkfield

iiluminator of R1&S & NATRRY JPCERBIGLAG 45t of i BrRFESBEWesPA Fidineifimiiatdiand a 3D
image captuy,flgvice or camera of the system of FIG. 1; FIG. 14 shows optical ray path of illumination
between a review brightfield illuminator, a 5review darkfield illuminator and a review image capture device
of the system of FIG. 1; FIG. 15 is a flowchart of an exemplary fourth ray path followed by brightfield
illuminagon hetweerdthrdavigw Prighifiglgdtuginatoeand diadayien pnass Gaptaiede ieecofsFIG. 14; 10
FIG. 16 is a flowchart of an exemplary fifth ray path followed by darkfield illumination between the review

darkfield illudiiesrhrid RERSFale Ay ¢ e furs 4eice bf rignachine. fpgibly;embadying fow diagram
of an exemplpgmathed ftinspestingvéatersel bpravidad byithe fyesembityentigbd-Kept8iisra process
flowchart of an exemplary reference image creatign process for creating reference imag[es used for

comparing WifPFREYRE Apttred MuMRRE it e BFRAT Rt iiG V6 gopprise the Steps of

performing a training process for creating reference images. The training process

10 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

15  the plurality of images of the first wafer and 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. The training process further comprises selecting a
plurality of reference images from the plurality of captured images based on the
calculated plurality of weighted indices. The method steps for inspecting the wafer

20  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.

25  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

30  to an exemplary embodiment of the present invention;



20 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 2500nfig]u3rator 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 therrg CORAIMAYBABRINESIRMIEQied D ik K2R shavradhe 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 demonstrating image offset due to the capture of the first image and the second

image 5 whendheswatairdsamnexneasd adisidprasess v fiagicnal anpxamplaidve dnensional
image processing process performed in a method step of the method of FIG. 17; 10 FIG. 24 is a process

flow diagrant SeRdd e ke dne dodiifign sioriiehieBieddiniig Process performed in a method step
of the mgthod of FIG. 17; FIG. 25 shows an exemplary optical ray path of illumination between a thin line
illuminator a 3D image capture device or.camera of the system of FIG. 1; 15 FIG. 26 is a process flow

diagram of a L8carnd e bR HFdPLHHIE RaBKLiaERY Stamobrfpraebedahisghilsd¥steMdhod step of

the method ¢fiE1G .atdo@nek to Fika- A3 isiataaeasfipycdmgram of an exemplary review process
performed in a method 20step of the method of FIG. 17. Detailed Description

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

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

FIG. 6 shows an exploded partial isometric view of a wafer stack module of the system of

FIG. 1 according to view “D” highlighted in FIG. 2;

15 FIG. 7 shows a partial isometric view of the optical inspection 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;
20  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
25  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;

30 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;



The inspection of semiconductor components, for example semiconductor wafers and dies, is an
increasingly critical step in the manufacture or fabrication of semiconductor 25 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 andapethedhotRais; isHI6e Mt ARG PbsamriGoadHEiavaleinsRsetan aystemagnd methods
capable 30 of employing both brightfield and darkfield imaging simultaneously for performing on- the-fly

inspection of it dRUGERF SHaIEIR Olife hYSRRh g Konkigurational or design 16 flexibility. In addition,
there is need for a semiconductor wafer inspection system wherein components thereof, for example
illuminators, camera, objective lens, filters and mirrars, have flexible and ad'!us,table spatial

interconfiguritfénk? E0%s aREGALFRLEHE ehilprRinaion BrYEELT SrEstyae Shygnteydrers, and

the incrgasingvgeilifyrtandandsmsekbyaRith eesamicoRge cipilrdustiiyve d¢cHEaAGY @b ePNSistency of
semiconductor wafer inspection is increasingly critical. Derivation of golden references or reference

images for comparison with captured images of semiconductor wafers currently require manual selection
of "good" sepiGoNmIGKOravaiRish&tChfadmagahsrisCtiotrganiesphin foB6G@aSS Bghificnnsistencies
in the derived reference jmages, and therefore 10 consequent inspection of semjconductor wafers.

Accordingly, RIS BRSNS 8988 W RHEY TR HI D B0 A8ds RS B dliViMg g etRINEE images to

which subseggigas eaptgretiimages of semiconductor wafers can be compared. Embodiments of present
invention provides exemplary systems and methods for 15inspecting semiconductor components for
addres%ﬁ)ng at least one of the above-identified issues. For purposes of brevity and clarity, the description

of the embogiraents OfLHR W@SENS an exemplary fifth ray path followed by darkfield illumination

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

FIG. 17 is a method flow diagram of an exemplary method for inspecting wafers

15  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;

20
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

25  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;

30  FIG. 22a shows the first image captured by the first image capture device of FIG. 1;



invention is limited hereinafter to systems and methods for inspecting semiconductor 20 wafers. It will
however be understood by a person skilled in the ar(;1 at 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. Forgyamplendhe axstersndndanethpdsdarayidrdissHie ankedimanisoidbsfrrsent invention

25can 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 wafggspas showndnesitbink @t ipésdrreusierbacerrdingde adist smpeslimantaf the

present 30invention. The system 10 can also be used for inspecting other semiconductor devices or
components&@RA§HRERE PRaes ifyctbieyethh s eBmplidhs Brbpnest MbdisrrrddmEge14 (as
shown ip FlGn3h evaigetignspafation 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. 6) or film frame cassette
holder, an XY- displacement table 22, and at least one set of quad vibration isolators 24 (as shown in

FIG. 1 and Fi& 2)35sTheRptigalioangeiesmheadrl é:amphayivwa igedsaidi Rk ¢oorpsizes a number
of illuminators and image capture devices. Preferably, the optical inspection head 14 comprises a
brightfield ill8RIFFERE ,fﬁl?&%&%“b%drﬁf@d)ﬂmﬁﬁﬂ%ﬂtﬂdzg Eid-d Figh angle darkfield illuminator 30. It
will be understood by a person skilled in the art that 10 additional darkfield illuminators may be

incorporated into the system 10 as required. It will be further understood by a person skilled in the art that
the IovvlQnglgl&:‘;\r?(ﬁéFdaiWﬁ?ﬁﬁ?ﬁtﬂ%‘ﬁ@%@ﬁ%ﬁ%ﬁ%@gﬁﬂe %&WFA}SP% Wb ABated as a

single darkfiglddisipnatemauhich maydeesilexdshhpasitianedraaeqnired. 15The brightfield illuminator 26,
also known as a brightfield illumination source or a
FIG. 25 shows an exemplary optical ray path of illumination between a thin line
illuminator a 3D image capture device or camera of the system of FIG. 1;
15
FIG. 26 is a process flow diagram of a second exemplary three dimensional wafer

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

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

20  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
25  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
30 of employing both brightfield and darkfield imaging simultaneously for performing on-

the-fly inspection of semiconductor wafers, while providing configurational or design



brightfield illumination emitter, supplies or emits brightfield illumination or light. The brightfield illuminator
26 is for example, a flash lamp or a white light emitting diode. Preferably, the brightfield illuminator 26
supplies broadband brightfield illumination comprising wavelengths of substantially between and including
300nm and 1000nm. It 20 will however be understood by a person skilled in the art that the brightfield

illumination mayta:Qf BiteIBRINE avaleraihsancanRlicHRapeRigs: Impltiohtild iluninaior 26
preferably comprises a first optical fiber (not shown) through which the brightfield illumination travels

before being@HREEATbHCHsal Db AYHRIER RIS seMstareRPief{v this st BFAIiBUFE:s as a
waveguide fapguigin Riratdion;efiimvebatibriphtfieldibuminatiowikenther nretasaidhpitikstyoptical fiber

facilitates directing of the brightfield illumination emitted from the brightfield illuminator 26. 18 illumination.

Darkfield illufliRSfOrS Al eieHEnY samgisandnaivi aish b dBeheaing it iIBhsiRdaiaifAi2tion of the

quantitysof dirRcibriiansmitiad dendiryscaitesed hiigRlariaeng theiesacmsRondiRa fEnagp Eapsnre devices.
Generally, image capture devices for capturing darkfield ima&gs receives only illumination or light that has

been scatterdd By 8 et LREI BHAK] isRldes GEISETANSS hale et ited AgTe Entrast as

compared tacbrightiiel wiagespiightiialddustinatinpoandcasnrkiigle-dlvmivationragairxamples of contrast
illuminations. The low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 are for 10

example flasiy GRS wisitdighEBHARRTY UM e e r by th Btk At SO TaRor Y dfed by each
of the low angledaukfigld dHuminasasig@ranst the high arglecdardialehitbininates, 3arg ofhswdrstantially

similar gptical properties as the brightfield_illumination. More specificallél, the darkfield illumination
n

supplie? by SQRIFBIGRE 1BWSEMNR PArrarF RS0l 358 Snd I RngtRetiarktidtd Bsthifdor 30 is
preferably a ipipadkandlfarkiiehddiuminplicre semgusingavwavetasgihcef substantiallyhiehveen and
including 300nm to 1000nm. Iternativeﬁly, the low angle dgarkfield illuminator, 28 and the high angle
darkfield illufHRSEETCSH Qflﬁ’ﬁlb‘]édg}%%ﬁd’ IRTHASBANC I AL AR RS SAMEMEDr other optical properties

20The low angle darkfield illuminator 28 is at a lower angle, as compared to the high angle darkfield
illuminator SEHEB %.horizont%I plane of the semicondu‘%or wafer ZQPIaced on %}ﬁlwaferoté%blg 16 (orto a
horizontal plEHP8F TREsaret tRETECH6) RSP RRANERY IS ISV RREIEY dSYRIFEN iifthidBesss idBreferably
positiongd airapeanigle wehiietwaandhcempmethirts dagressino dhrbovaeriakidans of-thensgimiconductor
wafer 12 placed on the wafer 25 table 16. In addition, the high angle darkfield illuminator 30 is preferably
positioned aisgﬁeéngle 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 %}y adiijstings thFngosiEion oc{ e clg oft hedlow artl.%le d r field 'Ilu({nina'%or 8thand the tgigh angle
darkfield illu ?ﬁé{ ]ijgé (0) revity and clarity, € descripuon o € embodiments o € presen

invention is limited hereinafter to systems and methods for inspecting semiconductor

20  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

25  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
30 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



19 Each of the low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 preferably
comprises a second and third optical fiber (not showp) through which the darkfield illumination travels
before being emitted therefrom. Both the second and ‘third optical fibers acts as a waveguide for guiding
direction of travel of the darkfield 5 illumination through each of the low angle darkfield illuminator 28 and

the high angle daykfisichillmicatoy 36 drecdsiipar e st dophicaldhek fesilitatas wiracting of the
darkfield illumination emitted from the low angle darkfield illuminator 28 and the third optical fiber

facilitates dirBerigR¥ithe dsAddIAURifatER WhiRE L rom eafrgRtarioRoda kO &TIRANAGY 30.
lllumination sygpkgdbpiaach.at thefrighiirieillminataisptcdicitadow angladarkdigidiieminator 28 and

the high angle darkfield illuminator 30 can be controlled, and can be either continuously supplied or
pulsed. The HARENIRIBR SRR HF DR RBrGHH S A S and darkfield illuminations

preferalyly enhance accuracy of inspection and defect detection of the semiconductor 15 wafers 12.
Broadband illumination preferably enables identification of a wide range of semiconductar wafer defect

types with varyinBPLGALESREFTAERL 1h 2athesr thd Liilarid ddihahdARRILIEh AL BPHO the
brightfield illuminatiaoranchthensiarkfiglprillemivaiiens Braki®the inspaaiian ehipecnaiend tqbe

performed independent of reflective characteristics of the semiconductor wafer 12. This means that the

detection of 95'BESEE BHIRESKIBERBGIL ARafeloro ARl D FSTLHR, Horyaaidaesirh? ifftenced due

to different sgngiiviliesieldraflaativesess or pelRrizatianeefitva ssmiGRndictnivalar L2 tartifiarent
ferably, intensities_of the brightfield illumination and the darkfield illumination

illumination w ,ele%ﬁths. P.rg If(f
25 suped YRS EH QRSN UM ZEG R HaRREA R orS 283t S SRRy Uan be
selected andwaried fastheguinderseopersing pardbe semidonduaiarivadar the tharaaigeistiessitad example
material of the semiconductoy wafer 12. | ag%iti n, the intensities of each of the brjghtfield éliumination
and darkfield HHTHIALY 53641%69155 Bt K%l,%dl Qﬁﬁ?ﬁg(? f&’?‘%r‘l’l‘?&fﬁ&?ﬁ&ﬁdaﬂﬁf&ﬁ Sges
captured of igi3lsemicensiictonhatemhy barmtioblepasntingdaspegiieniof the semiconductor wafer 12.
20 As shown in FIG. 7 to FIG. 9, the system 10 further comprises a first image capture device 32 (i.e. a
first camera) and a second image capture device 34 (i.e. a second camera). Each of the first image
captu_r&fDIevi@heSB;@gidﬁhm_Sﬂmﬁi@ldmﬁ%,canwrlaqdaxﬂcg3&# Isieapadite vluitaeiving Srighéfietdadllumination
supplied by Lhrlegg{%gerll flﬁl(ljlrlrlllllilltap[{ggtgrrnitter, supplies or emits brightfield illumination or light. The
brightfield illuminator 26 is for example, a flash lamp or a white light emitting diode.
Preferably, the brightfield illuminator 26 supplies broadband brightfield illumination
comprising wavelengths of substantially between and including 300nm and 1000nm. It
20  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
25  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

illuminator 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



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 imlage capture plane for capture of corresponding
images. Brightfield and darkfield illuminations received by or entering the second image capture device 34

is preferably;i@fecmeat pRaseronthimagecaniiQRRNS fonSrature el carsaspendingsbnages. The first
image capture device 32 and the second image capture device 34 capture either monochromatic or color

images. Pref¥lHh e BiRmyapret histrpiityiafaitrrdy Lt RdisH on8r seUfsFsMdE of the
wafer 12 enhancasahipash @ SBREURREE APNES &BReest afheeiRatydelestionfraaraiapiaoihe ability to

capture color images of the semiconductor wafer 12 preferably hgﬁs to reduce false detection of defects

on the semi¢BRBBEIEAHALTd Images dorrdsporringly miring L dishtrelts PRenoptiaishdettion head
14 further comppresrabjsiiubalgRa3Migeysensin fhaliestnRihivaaacrRIbEa sle iceoddpdre@ddition, the
optical inspection head 14 further comprises a second tube lens 38 for use with the second image capture
device 34. EQCN SIS EpagHe @ﬂglﬁg%%&]fﬂg@%%&qgggrﬂéfh%l%glﬂwgﬁ%ﬁﬁf‘é‘@mﬁmn optical
characteristigsniandt fungiipnRgoAecordingly, 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 25 head 14 also
comprises a number of objective lenses 40, for example four objective lenses 40. The objective lenses 40

are collectivaiygmexnigdamakiRidtanienMauvn L4 2 4asE o indidQakkividichisiratafBoafordqositioning
each of the number of objective lens 40 above an inspection 05%1 (not Sh%\flvé@ or semicgonductor wafer
12 poshﬁ)oneaxfifpmgdé‘éhdﬁm?mro‘ﬁwﬁi%%ﬁ@é@% be EORERVet) s drkaddd BEnaEBR ctive lens

30assembly suppllzadkyafdie stumbrivohjeat W iRNsrBiAAHE 1186019 achi@eendifferest magmification and
they are parfocal. Each_of the number of objective lens 40 is preferably of a differ redetermined
maghnificatio %8?}95?@%5%&8%@“%5%%4%l‘?’%téc,%ﬂ s (%ﬁ’f%t/“f smlgpfléll%arté%‘ﬁ/ each of
the number o @bjeptditidansethdAhasdcanecieddn abppiaiidbyiriohiitthl Wikl heverrdelanderstood
by a person gkilled in the art that each of the n er of objective lenses can be changed. or redesigned to
oo aifelCHE G atih LG R EUEH ol EACH T A o SHEE B R R nator 26
and the highdarigieldatldialddliominatiisthg a wavelength of substantially between and including

300nm to 1000nm. Alternatively, the low angle darkfield illuminator 28 and the high

angle darkfield illuminator 30 supply darkfield illumination of different wavelengths or

other 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 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

25  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.

30



10 preferably comprises focusing means or mechanisms for directing or focusing the darkfield illumination
therefrom towards the semiconductor wafer 12 positigned at the inspection position. The angle between
the low angle darkfield illuminator 28 and the horizontal plane of the wafer 12 and the angle between the
high angle darkfield illuminator 30 and the horizontal plane of the wafer 12 are preferably determined and

15 adjustable fer sniRNeRWGAeUAKY SdaigsireseosamdRiRiRIabbh Seabrfitle iwmangls darkfield

illuminator 28 and the high angle darkfield illuminator 30 has a fixed spatial position with reference to the

inspection pBEHITTACXIEPHRIVEY 46988t ShiudcPPErtheiRR Sy IhetRicIFginRISk 2Beand the high

angle darkfielgkifwrinatenidads:yvarable peibrdefsianes iectheirsReat aBRP SOR i #iNghaaHRAl operation
of the system 2010. As described above, bath the brightfield illumination and the darkfield illuminations

are focused A ifYsEL RS pBSifor 2 ReVift g Hofe RIS HatRsH A PihE Rk AL dhR ufrkdisdhs focused

at the inspegligmpRSisLNHILIPIa4eE Ueisemiwondustos el 1Zbrtdhepaniomehargphngasitioned at
the inspection pasition. As shown in FIG. 6, the system 10 comprises a wafer stack 20 or filmframe

cassette holdar<teld Warainaiar9olpradditpry dmisrsed ertietsiaiastitpirs dishtBR RIS wafers.

Each of the gerritaadusatamandtipieiMateroal erreseatiglly deadrdon linnsiesrers 3@ ome theavafer 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 vaRilFA fPsp il RietditgetiaR ik rrbbeldr Uupipie henelisd dspaeoPigafiele thereonto.

The wafer taplecie] preferabiye BoPIiResiapedippnsass iaober eeShriathifRiRSi DiaRLItsres through
which vacuum is applied to e%li)le. a reliable and flat position of a flex frame tape and a frame (both not
it

shown) OntotBid Warbiels s ALURURaIAEBIb T8 D8 PBRY A HeklgHum tertrntilsan be

controlled, and can be either continuously supplied or pulsed.

The wavelength spectrums of both the brightfield illumination and darkfield illuminations
preferably enhance accuracy of inspection and defect detection of the semiconductor
15  wafers 12. Broadband illumination preferably enables identification of a wide range of
semiconductor wafer defect types with varying surface reflectivities. In addition, the
similar broadband wavelengths of both the brightfield illumination and the darkfield
illuminations enable the inspection of the wafer 12 to be performed independent of
reflective characteristics of the semiconductor wafer 12. This means that the detection of
20  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
25 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

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



Swafer sizes of a range between and including six and twelve inches in diameter. The wafer table 16 is
coupled to the XY-displacement table 22 (as showni FIG. 1 and FIG. 2), which enables the
displacement of the wafer table 16 in an X- and a Y-“direction. Displacement of the wafer table 16
correspondingly displaces the semiconductor wafer 10 12 placed thereon. Preferably, the displacement

of the wafer pablgdikn andrience disnacomant Gisibe SeMceRIUSSApPMAEST L B RtagesktheigRie IS

controlled for cqntrolling the positioning of the semiconductor wafer 12 at the inspection position. The

XYdisplacerféictante 9% istalisth &R kiddf S N ity ar lifdiF Sosdtidre P riEex Rdigptalement table
22 or air-gap-linea) pPpaticoetaciiiatam iahpigeisiondisplagamenicdsnafithawaigtiabie vibein the X-

and Y- directions with minimal effect of vibration transmitted from the rest of the sildstem 10 to the wafer

table 16 and én$ il Rin GbHiTEH RN psiHBRRG it ursdirhcBh dfif ot ahi el 2 ugH B irtion

thereof, st thesinspeedianRESIE ANuNEERINR Y G shedbY-clishlsc v ent takie: 22 rndiwaleniablerl6 is
mounted on the dampeners or vibration isglators 24 (as shown in FIG. 2) to absorb shocks or 20

vibrations, antl fénbig Aagiederinkl umiryrs nmlotHeiehibaldedndr dutdiedd il WmBaHeSs thereon. It
will be appregigird byeopersengkiled i e st dat Altesnaiv mesbanisRsresevicam M @yspe coupled

to or used with the wafer table 16 controlling the displacement thereof, and for facilitatinggﬁi h precision
f

fine positionii8? tFdPHHATeP CfildnGURLE 19 st IHERRHLEECHTIEE N R 8B HHE iALPHSH T the

semiconducigiaaferidm fRcasterinbpessibiecdatects dherepipis ReHoumrdivdie heagritopductor
wafer 12 is in motion. This is to say, the capture of images, for example brightfield images and darkfield

images Jof tH8YSH QBTSRRI B FR LN [OESHRIUE oh& ETHROSHEBI*dfer 12 is being

displaced across the 30inspection position. Alternatively, every new semiconductor wafer 12 may be
stopped 23 under the imaging means to capture high-resolution images, if the yser so chooses by
programminé‘qﬂﬁérl\rﬁ&fg}a%ebfé%t%rﬁ. Y5 W&iréh@osf‘?ﬁ?ﬂl&%?/ﬁf@ G181 .g/iscﬁﬁ’gwoﬁﬁﬂ?lfnentioned,
the system Ifdustheseaipsisesithd finseiuPedensBg andatieitp tseapiarévisiiensmfe Bradably, the tube
lens 36 is po itionefi between the objective Ifenses 40 apd the first imj e captur%device 32. lllumination
passes throlIPtHEAFRISE 16RO SHERleHEe Ao PSS LaPore Bo0ASS e IRGF preferably,

the seasnd tyhedens J8fizpdsitones Heiwernntpe: objectivailgnsecdthanddbiersaaapek imaigkecapture
device 34. lllumination passes through the sec tube leps 38 and deflected hy a mirror 10or prism 47
pefore enterME e SUE R IEb LAPE FE AU RE i o TEAbe HINE deiecion of dEIGEt on (e

semiconductor wafer 12, and correspondingly false rejection thereof.

The optical inspection head 14 further comprises a first tube lens 36 for use with the first
20  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
25 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

30  assembly.



Each of the number of objective lenses 40 has a corrected aberration in infinity. Accordingly, after passing
through the objective lens 40, illumination or light is ¢collimated. This is to say, illumination traveling
between the objective lens 40 and each 15 of the first tube lens 36 and second tube lens 38 is
collimated. The collimation of illumination between the objective lens 40 and each of the first tube lens 36

and the secangdiubednsubenbsnpeeseassantdofipxiibityef Ragiieniterirashalitosfistimage capture
device 32 and the second imzlgpe capture device 34 respectively. The implementation of the tube lenses

36, 38 also diifYififeRAtecAbdertd ridbedHrtkshaficiics B entetinglelichreliemblyiref imdidEeibture device
32 and the speapgimage RRIMRSRYICR 34 Maer diffple i rbipsiyadansassitiguaar{fanhgxample

when different magnification factors are required). In addition, the collimation of illumination increases

ease of introf (R &hae St n g B iR N Wphesnl YoN6HE s BRsse calshiied i Redy stem 10,
particularly hewesnihe epipetivedans 4@ aadeeachwiitiadtat sybe jerssekAk&nd the seeand tube lens

38. Further preferably, the collimation of illumination enables in-situ introduction and pasitioning of
additional oficHI YoHpBHERES 8F QRISSENEleL A h BSR4 67 pettrinady D arhicdn thESHitctive lens

40 and eachp{dhgifisbivhrilpasamand thersecond 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 30lens 40 and the semiconductor wafer 12, compared to that of used in existing equipments. 24

Longer working iistancrsvaeive dariie Rbjestiveatlons sinantd Reswaheld s necrss alyiianiser darkfield
illuminations effectjvely. It will therefore be appreciated by a person skilled in the art that the system 10 of
the 5 preseRTTHVERROF AMBRE o  AKiE ATris-<itu %@%ﬂlm AL HHEE280R of CORIBENEKEs of the

system 10. Theskstemuliaiibe prasaohinuentian erhancksfRseoehvinlkedUTjoRiapteteaaual of optical
components, or accessories into %nd out of the %{gst m 10. 10The firs ijgbe lens 36 f%glitat%%focusing of

t
collimated ilRRSHIh BHEHe fitdCinnae Re &%‘év.vs"’iﬂ%ﬁ%ﬁ?f]fé‘s SUSRYRIBE 18 Sd M cilitates
focusing of aallimated iPuminatiomoniaftie Second iRkagedtamure diange Alifvaughglvkrilefisks are

i the art thel LRGP0 bRl BeMEE BEALEHFISHS Aok BRI SAE G 5 Bon Ao of
ilumination, supresspeciiaathatiobrigbiieleilritasion aed darkfiidabminatianahandvheglédbsequent
focusing therggl QP HESH L5 ISk 2GS SPRE BRI sesond maes seeiusg.pigne

position with reference to the inspection position. Alternatively, the position of each of

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

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

20 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,

25  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
30  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



The first image capture device 32 and the second image capture device 34 are preferably 20 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 forTeducing 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 spacergifigienih 2R eferabbh sty starer L0 UWRBROARINANRESWABH MDES afdogasteamilters and

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

positioned fECHIRSERG Predstigmirad NmbraabreHbAs RS ifs HIFISH Y Hehh a5t ithe low
angle darkfieighilleuninatRbid andihiel ang'g:daddiatt ibeminatardle @pPinieiabinelestically

communicatable with or coupled to the other components of the system 10, for example the first image

capture devit® 33 veldahiads ciuraigeiibl 42 inbybrreigrbredoyenrd drshintlge capture

device 32 angatiae seeonthirrgeantviedavicaudinara iaterablycoruesteadntadmage signals and
transmitted to the CPU. 5 The CPU is programmable for processing information, more specifically the

images, transmitted thereto to thereby detect defects present on the semiconductor wafer 12. Preferably,

the detectiorrat defretapR theisemighnriuctne Waferi dpddspeito aned Butamabeall ynbyithelsystem 10, and
more specifica%yg?ﬁl the CPU. Further preferably, the 10 inspection of semiconductor wafers 12 by the
t

system 10 ig & %%{CB&&%&%%%}W&?&%& Of ReStALTvaRe tHeihap et 8r Seifeshafictor wafers

12 for the detrgtiaBeaighefectadswatilitalad by ableapbans saauplkpsthd herkiPdda @oegrarsmable for
storing information transmitted thereto in a database. In 15 addition, t?f C%ﬁéfsrogrammable for

classifyifg dife@6cdetBEtsO M AbdtiBR hdNe PUSRIGSFERSPALR) dRSgriivhe {orifBCp5EEEsed
information, aglaepesificaliidhenmiasrtsest masespldafanitoeiectemyiol e fdaiahasslingrther
details regarding capture of images, processing of captyred images, and detectjon of defects on the
semiconductdf Wftre18% pa%ﬁ/i BN Yo YW%FI ﬁ& AP pRsciltRe Py ;?é)rségﬂnskﬁéed %ﬁhe art, using

the descriptiaijirovidest afsve22higt sherhaighiielchdiuminationiepifiedizonposiauppliethbyxiye brightfield
S e T e e
g [ r | e DLA
illuminagon andigarkiigd faigh amgia ahORA Hhdamnatiodespectiviely)iaashl feflws ¢ differeiohray path or
optical path'tralnsmitted from the rest of the system 10 to the wafer table 16 and ensures smooth and
accurate positioning of the semiconductor wafer 12, or a portion thereof, at the inspection
position. Assembly of the XY-displacement table 22 and wafer table 16 is mounted on
the dampeners or vibration isolators 24 (as shown in FIG. 2) to absorb shocks or
20  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.
25
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

30 inspection position. Alternatively, every new semiconductor wafer 12 may be stopped



A flowchart of an exemplary first ray path 100 followed by the brightfield illumination is shown in FIG. 10.
26 In a step 102 of the first ray path 100, brightfield;#lgmination or light is supplied by the brightfield
illuminator 26. As previously mentioned, the brightfietd illumination is preferably emitted from the first
optical fiber of the brightfield illuminator 26. Preferably, the first optical fiber directs the brightfield

illumination gmittethfomathadbrghtfiield silpiminaten26solhe Rriahtfield;iflupinationopeairiably passes
through a condenser 44. The caondenser 44 concentrates the brightfield illumination. In a step 104, the
brightfield il BRFFATBRIE (OFekaber Pl iatirerReanE st ontEr! £firee wgrialgHifeld illumination
reflected by the first reflecting surface is directed towards 10a first beam splitter 48. The first beam splitter
48 reflects at least a portion of the br/it[ghtfield illumination striking thereonto in a step 106. Preferably, the

first beam spitt@FA8HSY AR RS RETERIAA (A SOBBRSS: 75, fissitursuener dathtierstood by a
person skilleghéaiheat that the. 1aRydr 160 olthentirstheamisphibian s easnbr-adjuriashpedeguired for

controlling the intensity or amount of brightfield illumination reflected or transmitted thereby. The

brightfield iR A0 PIHEEEE bimpes frttBisarR dpfider 4B Ripnidrtstmdhaeus hsBetd8Reposition.
More specifigaily3 #e:hsighifielchid uneifationreficcipeiRydbadysS. Further preferably, the second

tube lens 38 is positioned between the objective lenses 40 and the second image capture
device 34. Illumination passes through the second tube lens 38 and deflected by a mirror

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

Each of the number of objective lenses 40 has a corrected aberration in infinity.
Accordingly, after passing through the objective lens 40, illumination or light is
collimated. This is to say, illumination traveling between the objective lens 40 and each
15  of the first tube lens 36 and second tube lens 38 is collimated. The collimation of
illumination between the objective lens 40 and each of the first tube lens 36 and the
second tube lens 38 enhances ease and flexibility of positioning of each of the first image
capture device 32 and the second image capture device 34 respectively. The
implementation of the tube lenses 36, 38 also eliminates the need to refocus illuminations
20  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
25  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

30 lens 40 and the semiconductor wafer 12, compared to that of used in existing equipments.



20 beam splitter 48 is directed towards the objective lens 40 positioned directly above the inspection
position. In a step 108, the brightfield illuminator 26 ? focused by the objective lens 40, at the inspection
position or the semiconductor wafer 12 positioned a fhe inspection position. 25Brightfield illumination
supplied by the brightfield illuminator 26, and focused at the inspection position, illuminates the

semiconduciosivaferdkkidpissresificallycthepoBjeriot thassamice mluciaenaigictsppsiigned at the
inspection paosition. In a step 110, the brightfield illumination is reflected by the semiconductor wafer 12

positioned af iEFSHLRRIRISSEHESY BYightfield illumination reflected by the semiconductor wafer 12
passes through the objective lens 40 in a step 112. As previously mentioned, the objective lens 40 has a
corrected aberration in infinity. Therefore, brightfield illumination passirg{%through the objective lens 40 is

collimated bt thél bEeieiors 1BnaRRyes e ddyr@eParsomsiited B rits At bhgreiemhiafsn by the

magnifying lppsdadepeadrin anthe magnifieatnn faconekthe abjestivarlensedonBsightfisld dfumination
passing through the objective lens 40 is directed towards the first beam splitter 48. In a step 114, the

brightfield illGATIPBSALS P s gt L ahhssprittem 16 £8 BPEHMBN SHAR AURRCESASiREd through

the first beangplitiar ASafddanboitbe sightfielchjlminationctarsmittadshiaueh brrissybeam splitter 48
in the step 114 depends on the R/T ratio of the first beam splitter 48. Brightfield illumination transmitted

through the A5t beam splitter 48 travels towards a second beam splitter 50. 15The second beam splitter
50 of the system 10 is preferably a cubic beam splitter 50 having a predetermined R/T ratio. Preferably

the R/T ratio_is 50/50. The R/T rafio may be varied as required. The cubic beam splitter 50 is preferred
becausé the dib Ei&é&h@éﬁﬁlﬁé%%@bﬁ% ﬁf&ﬁﬂ%&}%ﬂﬁ&@&%ﬁeﬂ@}wmwat8ﬁhe OGRS will

therefore be apparecigtat by aparsgntbkilledondharytihiat % ceiligiwationusing sbapelnithedcubic 20
beam splitter 50 will provide Qetter performance and alignment for this purpose. Extent of ijlumination
reflected or ﬂ#leBmﬁ%E’& BYhESSTTIY bBART SPRtES B%%g%%%%h%tf? Esﬁ?'?rfa%sg?%ﬁé &cond beam

splitter 50. g skemh 1th6, dhadatighitfialdHbusaisatiodestiiiteip ihetsedonst kepracalidebpQ. jdisoarightfield
illumination striking.the beam splitter is, either.transmitted therethrqugh or reflected thereby.. 25 Brightfield
lomination SALSTRARATb I S B BSAM S PEO e B et AE Betore dovice
32. TheJrigbtisldalumistatinmeasas thkaugpdbi it tulne beins 38 dnikustemids bedoderkfitdding the first

image captu evice 32 in tep 120. The first tube lens helps.to f the collimated brightfield
iIIun?ier; ati (E)n (12 ?%qﬁgtleﬁé% ang ale %u sequent ocSustmg thereo gntg Qisther (())fc Hlsé Erst ?mage ca%t%rg ©

plane and the second image capture plane respectively.

The first image capture device 32 and the second image capture device 34 are preferably
20  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).

25  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.

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



30image capture plane of the first image capture device 32. Brightfield illumination focused 28 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 captureplane is preferably converted 5 into image signals.
The image signals are subsequently transmitted or downloaded to the CPU. The transmission of image

signals to the,CiRidbEy alRR dRam) @mflataivansierwiraosiasigtbrightiiclimagesirifesrahleast one of
processed by and stored in the CPU. 10Brightfield illumination reflected by the second beam splitter 50

travels towardSiee KRl apding faogecsntindbrighremrMdithaincamd pregeLBifgh the

second tubedens384NIshaiep dpthedore aativgithesseaphchinRIRCAPIUMR dRYiseSdditagtep 124. The
second tube lens 38 helps to focus the collimated brightfield illumination onto the second image capture

plane. BrighR GRS h S RISET B F I < HRRsS 150aIARd PrikE bR edphife of a
brightfieyd image by the second image capture device 34. The brightfield image captured by the second
image capture plane is preferably converted into image signals. The image signals are subsequently

transmitted drdoWhtod IS HEBEIE Y. RIS IRELSISrA B n Byl SsitRratita e i dgtasfitnable

controller is gia@ kin@wntBsretatadransiel Tansferrdbrighiisidomagesaiethanatleastoneof
processed bﬁ and stored in the CPU. A flowchart of an exemplary second ray path 200 followed by the

darkfield highSI5RRYs e AlcifsHARaRb AR W il Sepiconductor water 12 s performed
automatically by the system 10, and more specifically by the CPU. Further preferably, the

10  inspection of semiconductor wafers 12 by the system 10 is automatic, and controlled by
the CPU. Alternatively, the inspection of semiconductor wafers 12 for the detection of

defects is facilitated by at least one manual input.

The CPU is programmable for storing information transmitted thereto in a database. In
15  addition, the CPU is programmable for classifying detected defects. In addition, the CPU
is preferably programmed for storing processed information, more specifically the
processed images and defects detected, in the database. Further details regarding capture
of images, processing of captured images, and detection of defects on the semiconductor
wafers 12 are provided below.
20
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
25 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.
30



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 gptical fiber preferably helps to direct the DHA
illumination supplied from the high angle darkfield illafﬁinator 3030. Preferably, the DHA illumination is
directly focused at the inspection position 29 without a need to pass through optical components or

accessories[fof expmptedhgORiREHNe [Ras i, Iprasien dMuliAidlsrnation difsstrd 8 e inspection

position is reflected by the 5 semiconductor wafer 12, or the portion thereof, positioned at the inspection

position. RefMEERG 0 AMBHRHNEE ofOfrdhs tREWRShp RS ibu g thsighiEEK dIBALNE R dstep 206.

The objectivgrigamyiy, sihieh famaRo et tep RREMIIT tdHinihtrierllimaias e 23Préferination passing
therethrough in the step 206. 10DHA illumination passing through the objective lens 4Q is directed
towards the et PESHdIEs ditests dhy JorsshHie WHAURIRRRR sdtivde ome e sishiiiglliter 48 and

a portion thempahisdianspitiad trichghethelfistibaan pRitteB phhe exientHf ransmiasionief the DHA
illumination through the first beam splitter 48 is dependent on the R/T ratio of the first beam splitter 48. 15

DHA illumindttrF 050 REed SARSERTAAS s BEeld P #9%irected towards the second beam
splitter 50. In a step 210, the DHA illumination strikes the second beam splitter 50. Transmission or
reflection of the DHA illumination striking the second beam splitter 50 is dependent on the R/T ratio of the

second bearP<piiRrI8E: B PiigRtieih iamIRaQRditier thf duigh i EllsHEHELASMRIEY passes

through the fisstsubBrientidkl inansienidl 2Jpetese Bnias My dhefiisst IPgELaRtUR@IasW&de a step 214.
The first tube lens 36 helps to focus the collimated DHA illumination onto the first image capture plane of

the first Imade CHHREHR GRUIE 45: DHA illumination focused onto

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

intensity or amount of brightfield illumination reflected or transmitted thereby.

The brightfield illumination reflected by the first beam splitter 48 is directed towards the
inspection position. More specifically, the brightfield illumination reflected by the first
20  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.

25  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.

30



25the 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 iIIuminationZ, rom the second beam splitter 50, passes through
the second tube lens 3038 in a step 216 before entering the second image capture device 34 in a step

218. The segiehitibR IeMsnddARPSdadecdsshercollivnates dicddriwatination,ania thesegemk 30 image
capture plane of the second image capture device 34. DHA illumination focused onto the second image

capture placePériedeesptirinat ateRirklield iBiGEiantve epridmediy e RYRAENE HRR AR BHA) image

by the secongifsage epaiiRHaMiGRIAnD fullewshartobanayemmanativrdyayiRathrr@rolirwed by the
darkfield low angle (DLA) illumination is shown in FIG, 12 In a stiﬁéSZ of the third ra}/ path 200, DLA

ilumination i2bagidpifels byt dsisal imgieddaydhe ahikmitsaar 8- T drasticaameisiitarably helps to
direct the DLAe 16 illmination suppliedisy dhe dowangle; denkiinlddpemisatamthePrefaiaiiyithe DLA
illumination is directly focused at the inspection position without a need to pass through optical
components!BraERE LG ARECHYEd AMitle the objective lens 40. In a step 254, DLA illumination directed at
the inspection position is reflected by the 15 semiconductor wafer 12, or the portion thereof, positioned at
the inspection position. Reflected DLA illumination from the wafer passes through the objective lens 40 in

a step 256. THEBBjEGVB B RiAHES A T HEAREbE R AY SR AR LI BLA
illumination passingliheretdronghiepthestaR 2sGhtfield illumination strikes the first beam splitter

10 48 and a portion of thereof is transmitted through the first beam splitter 48. Extent of the
brightfield illumination transmitted through the first beam splitter 48 in the step 114
depends on the R/T ratio of the first beam splitter 48. Brightfield illumination transmitted

through the first beam splitter 48 travels towards a second beam splitter 50.

15 The second beam splitter 50 of the system 10 is preferably a cubic beam splitter 50
having a predetermined R/T ratio. Preferably the R/T ratio is 50/50. The R/T ratio may be
varied as required. The cubic beam splitter 50 is preferred because the cubic bean splitter
50 splits illumination received thereby into two optical paths. It will therefore be
appreciated by a person skilled in the art that the configuration and shape of the cubic

20  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.

25
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

30  image capture plane of the first image capture device 32. Brightfield illumination focused



20DLA 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. 25 DLA illumination transmitted

through the fitgbb@an spliteldSip diregiamdonaniss thepsacont berpnsRbiftepibdbg shepreoO, the DLA
illumination strikes the second beam splitter 50. Transmission or reflection of the DLA illumination striking
the second BBRSF SPRIEF 88%Gdpendent on the RIT ratio of the second beam splitter 50. 31 DLA
illumination transmitted through the second beam splitter 50 passes through the first tube lens 36 in a
step 262 befare entering, the first image capture device 32 in a step 264. The first tube lens 36 helps to

focus the collifTatEE A IRART BRI e SRt A8RIPE RIS df trstfrabhhsgvedpture device

32. DLAsilluminatiancfosissar onte the &fisstimage Gapldpalanerenahiesicapisrebaisakiiald image,
more specifically a darkfield high angle (DLA) image by the first image capture device 32. Alternatively,
DLA illuminatibH isTHs damissipi d%%é@?ﬁgpﬁﬁép%&%ffé&%(? BRANRuASIEt b5 the second

beam splitterahspassestipiangh thasecand tHbe iensast®bad it pvieRREGhefasesastaring ihe second
image capture device 34 in a step 268. The second tube lens 38 helps to focus the collimated DLA

illumination &ritd the second image capture plane of the second image capture device 34. DLA
illumination focused onto the second image capture place enables capture of a darkfield image, more
specifically a darkfield high angle (DLA) image by the second image, capture device 34. 15 It will be
apprecidted By& é‘?@oﬂ‘i%ﬁg H‘?fltﬁgf!fﬁtﬁ%‘?ﬁytﬁéedé%igﬁaﬂ?ow raélg\}éafﬁéﬁ 0% B Btimination
and DLA illusettaidoimarefenphlycfaiows assimilabran@ada afienbringnreiigetethky fhelseicaductor wafer
12. However, the second ray path 200 of the DHA illumination and the third r ath 250 of the DLA
illumination é‘éE?FBS“SzggdHieia Ry it ?%‘H“a%‘?&&t}ﬁé%eu%%ﬁ%b‘ﬂﬁ%fu‘éaé’i%ﬁsv?g“ f‘th%12 AP A5 SRydition, the

angles at whigh. trad>ddéviltlirabealian 3®ddhs RLAdIymiaatomstiddebailcsehelcomdudianivalettd 2
positioned at the inspection position W bﬁ ?’%‘l@éﬁ ing‘ required for enhancin accuraﬂcy of defect
detection. FOPe &M HHEaHMRL R Wiict? t HHIRIRAESR U6 BioaRFIRTRAHH &6fke at
semicorsduciepwaigi ik pasiieneapairthefiapaaiitield image by the second image capture device

34.

The brightfield image captured by the second image capture plane is preferably converted
into image signals. The image signals are subsequently transmitted or downloaded to the
20  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
25 (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  30. Preferably, the DHA illumination is directly focused at the inspection position



25 position may be adjusted depending on type of semiconductor wafer 12 positioned at the inspection
position or type of wafer defect that a user of the system 10 wishes to detect. The DHA images and the
DLA images capture by each of the first image capture device 32 and the second image capture device
34 is preferably converted into image signal, 30 which are subsequently transmitted or downloaded to the

CPU. The trgnamigsiomald 33 iRagaisianalsdpredt Linpstekrown agdatritansferexhiapriated DHA

images and DLA images can then be at least one of processed by and stored in the CPU as required. As
previously RIS ) eHirst image capture device 32 and the second image capture 5 device 34 have
predetermined spatial positions relative each other. The use of the objective lens 40 together with the first
tube lens 36 and the second tube lens 38 facilitates the spatial positioning of the first image capture

device 32 arld thé'§Rc8Hd Ty HupiirEdbdicersd. # Wi ARsUBE BpYfa iRy ieAdiEdiskilled in the

art that gthegQpticaldcePeNGsisI0l agc@ssphieRn Ah&xamMpesmishes aM@¥ espsatbippeiigeting 10 the
brightfield illumination, DHA illumination and DLA illumination, and for facilitatin? the spatial positioning of
&

the first imadte SRR OERY B aHan i sels iR e shregeheobacbrefersdl e Sitial

positions of ths firstdroppetapieie deviorid? rndthesesendieragpeantuiggyiesiBmaks fiked with
reference to the inspection position. The fixed spatial positions of the first image capture device 32 and

the second iMEge RUmRALO AR RE A FPERuR, BHILRcEL At least one of the accuracy and the

efficiency of wafer inspection by the system 10. For example, the fixed spatial positions of the first image
capture device 32 and the second image capture device 34 with respect to the &;ﬁgction position

preferatily rédtésd WamBAlPRS USRSl IS R e A A0 15 LB IS RO Ry AU IR the use of

mobile imageptia@iie. davicesPogmesapH20 ilaenopiical ispectianheadekhoiphe-syseamdld preferably
further comprises a third iIIuminatoré%erein%{Eer rﬁferred to as a thin line illu ina,ﬁﬁr 52). The thin line

illuminator cRATHRL BREFEPErPSd AN Eln HRUSBn I atior e PRERY . SHELRIn fine itGnfA%tdr 82 emits or
supplies thindlimeriivsninasfomne Thig Ahindinedlloninatech2ls firefexalblyspllasenPh sepeaddar supplying thin

line laser illuminagion. Alternatively, the thin line jlluminator 52 is a broadband illuminator supplying a
broadband tﬁfﬁﬁfﬁﬁﬂ&ﬂf&%ﬁﬁrﬁyﬁgmﬁﬁﬁt

éeﬂﬁb ination is preferably directed at the inspection position,
more spiecifically at the semiconductor wafer 12 positioned at the inspection position, at a predetermined

oo A VR B B e B
second beam splitter 50. In a step 210, the DHA illumination strikes the second beam
splitter 50. Transmission or reflection of the DHA illumination striking the second beam
splitter 50 is dependent on the R/T ratio of the second beam splitter 50.

20
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
25  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
30 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



directing the thin line illumination at the inspection position. 33 The optical inspection head 14 of the
system 10 preferably comprises a third image capture device (hereinafter referred to as a
three-dimensional (3D) profile camera 56). Preferably, the 3D profile camera 56 receives the thin line
illumination reflected by the semiconductor wafer 12. Preferably, the thin line illumination entering the 3D

profile 5 camgra; o€ ipiireysiarantomn 3EimaaaLRNEFAIRIANS (ROLShDWR) IndhershvCaRiNg 3D images
of the semiconductor wafer 12. The 3D optical setup comprising the thin line illuminator 52 and the 3D

profile camePA86 REsABRARIN RS 1S2PERE Jplftes) FReBiciGARESd A4 Furidiicn Jnags aRUBjective lens
for the 3D prgfilafiQpamesadiithainatier iefenpthinas pBPserofileiphiectysulenadife Bhe thin line

illumination reflected by the semiconductor wafer 12 passes through the 3D profile objective lens 58
before entering the 3D profile camera 56. Preferably, the 3D profile objective lens 58 has a corrected

aberratign inAnfigichAgcerdinaiyethsidRinding Wiyninatiopopasisngthiugh thaidRprodie ekiective lens 58
is collimated therebi. The 15 optical inspection head 14 further comprises a tube lens 60 for use with the

3D profile otfjabtiveiumanHign s #howp 8rbHE Ldmera 56. The tube lens 60 enables focusing of the

collimated thin line illumination onto the 3D image capture plane. The use of the tube lens 60 with the 3D
profile objective lens 58 and the 3D profile camera 56 facilitates flexible positionigt?aand reconfiguration of

the 3D profildcafigRa’88.9h Badhish e 28 oPle HiBRIRHoso Wit RHs BBy PRSI b & ve lens 58

and the 3D prafiectameambaenasieTraseial ivpiraucingagditiaanlopiga ¢corapenerms griascessories
between the 3D profile objective lens 58 and the tUb%%ensflf@% The thin linedll minﬁgor 52 and the 3D

profile tAmetAUSE Y78y SHRP Bt Ye B 103 fa ek H‘é’ﬁﬁﬁ%ﬁ‘ér&? LaRRhiY aMltihspection of

the semicondugionwiaieisl@rkipfatblsdihe dundipediompiaiaodvancihe R e cainaighSt are
coupled to the CPU, which helps to coordinate

| or %rﬁjhronizl?e, the o erat@n of the thin line illuminator 52
and the 3D (VT8 COMBPAGRS RLARSES LTI * ARRIG MY é?f%ﬁ%%?i scanning and inspection of the
semiconductor wafer 12 is performed by the 30system 10. This automated 3D profile scanning and
inspection of the semig d§ tor yafer 12 is preferagbly controlled by the CPU. 34én a%%i ion, the optical
inepection hihd 1o ke TR AL S ERLAL B6vIERPES S hENRlet hisHE Kbt dhiovice 62 i
for exarsple eenlondasaravafhe revievwimaoeioapibiee:of viesitidre terailyieapicties polaridmages.
Aermatiel SR BE ARSI SARIIES MONSR TS eSS 4o eyigy meoe
256. The objective lens 40, which has a corrected aberration in infinity, collimates the

DLA illumination passing therethrough in the step 256.

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

25
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.

30



Spreferably captures review images of the semiconductor wafer 12 for at least one of confirming,
classifying and reviewing defect detected on the sergiconductor wafer 12. The optical inspection head 14
further comprises a review brightfield illuminator 62 ﬁd a review darkfield illuminator 64 for supplying
brightfield illumination and darkfield 10 illumination respectively. The review image capture device 60

receives thebrightiighei ihaatinatiomand eodankieldetbinipatiansurplrsiysthareydsnvibsigpifield
illuminator 62 and the review darkfield illuminator 64 respectively, and reflected by the semiconductor

wafer 12, forpleRndlra odiermiftyeebrin endeine Shiulietbrister UK It SERIYD the'FBER image
capture devigasR-cafpby esnillanation svanried byiatenativadimninatossdahexasnpagne of that

described above, for capturing review images of the semiconductor wafer 12. The review image capture

device 60 preABIIsHPREStf D hil T SO3RRIGHPIHETEY 5FtRé- SRhficdhuniBroRaterussd RHiadkam of
showingsthe figyiaw idg bialekilipinipatankias theptendeyy daddirfeb1d0iusainater-64pdbigicaniew image
capture device 60 and illumination patterns therebetween, is provided in FIG. 14. A flowchart of an
exemplary fSBHAIELY Hathassals abhe sy PrgHERenas RIS HSUSpRed by the review brightfield
illuminator 62 is shown in FIG. 15. 25In a step 302 of the fourth ray path 300, brightfield illumination is
supplied by the review briihtfiel‘d illuminator 62. The brightfield illumination sggplied by the review

brightfield illGHFTRTEY8Y i dire Byipanns it ndeaind Qiriceseeot 3e@psBEUCE Y bRGHARS illumination

is reflected byitheifitshnefirstive suiacedadbpedirasiadtonagsa Paanppplitee&hd wdsuhsequent step
306, the brightfield iIIuminQa%)tion striking the heam splitter 3068 is reflected thereby and directed towards
the insp&ctiott BV B eh‘ffé’f‘bﬁﬂmthm?ﬁﬁ?élﬁdﬁl?@ﬁeﬁ%mﬁ%vécﬁe%ﬁ%Blﬁf‘@? 88%ef¥nds on R/T

ratio thereofsedbnkh auséeRBO83 thelpyightfiwldsiltupinationdsdresiestad ayitad e mieonpe cievondfer 12, or
j Qri%rgrigl illumination passes through

portion thereof, positioned at the jnspection position. The r\%{lgected
a review obj&8ftvE fE@REHOR aes?iﬁ 1%?.%?8?%&? BHEAEN Soject URIHASS Q5 Ged

aberration inokttnitlye Aecondinglyigth@apture place enables capture of a darkfield image, more
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 semiconductor wafer 12. However, the second ray path 200 of
the DHA illumination and the third ray path 250 of the DLA illumination can be
20  individually altered as required using techniques known in the art. In addition, the angles
at which the DHA illumination and the DLA illumination strike at semiconductor wafer
12 positioned at the inspection position may be adjusted as required for enhancing
accuracy of defect detection. For example, the angles at which the DHA illumination and
the DLA illumination strike at semiconductor wafer 12 positioned at the inspection
25  position may be adjusted depending on type of semiconductor wafer 12 positioned at the

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

The DHA images and the DLA images capture by each of the first image capture device
32 and the second image capture device 34 is preferably converted into image signal,

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



Sbrightfield illumination passing through the review objective lens 70 in the step 310 is collimated by the
review objective lens 70. In a step 312, the brightfield illumination strikes the beam splitter 68 and a
portion thereof is transmitted therethrough. Extent o ?ne brightfield illumination passing through 10 the
beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The brightfield illumination then

passes throygh g rgyigi tepens {Rdnaciamsddcbaiargantadngdhedeyien image sapyrendevice 60 in
a step 316. The review tube lens 72 focuses the collimated brightfield illumination onto an image capture

plane of the FBRSH SATAGECRDRIFEA LRSS BT EhgteBrand HiTstoh R GEL LB iR age capture plane
of the 15review image capture device 60 facilitates capture of review brightfield images in a step 318. The
collimation of the brightfield illumination between the review gbjective lens 70 and the review tube lens 72

preferably facititifedousBeptnHeBH e Aot Spngacepisotanes Youdhscssndrivegnesdibiieen. In

additions the el aipmsfdhe-hrightfieiddllypainatipsshrie esdiieerevigv anectivge leRs o and the review
tube lens 72 pr,efe,rabl%/ enables flexible positioning and reconfiI?uration as required of the review image

capture devitRIgH! 85 R0R L s B L ate thI AR ifthOay SBatH B8 9o Hisvets B HERSa kRS IdSllumination

supplied by theiremiewigadgield ipusninaiar 6 ihshawnifdotCeabtuld desiep 322ad the fitboiay path 350,
darkfield illumination is supplied by the review darkfield illuminator 64. The darkfield illumination supplied

by the revieW kAR SDIOHRLor 54 1Y Hrefurabf BREGH s AP S HeSIHYFE ARSI, 1n
addition, theqdpekiplskillvinpéinmsupplied Ryriee, rRyiexuaiprkigledtininatos Gdets pricderaliyg

10  the brightfield illumination, DHA illumination and DLA illumination, and for facilitating
the spatial positioning of the first image capture device 32 and the second image capture
device 34. Preferably, the spatial positions of the first image capture device 32 and the
second image capture device 34 are fixed with reference to the inspection position. The
fixed spatial positions of the first image capture device 32 and the second image capture

15  device 34 preferably enhances at least one of the accuracy and the efficiency of wafer
inspection by the system 10. For example, the fixed spatial positions of the first image
capture device 32 and the second image capture device 34 with respect to the inspection
position preferably reduces calibration losses and adjustment feedback losses typically
associated with the use of mobile image capture devices or cameras.

20
The optical inspection head 14 of the system 10 preferably further comprises a third
illuminator (hereinafter referred to as a thin line illuminator 52). The thin line illuminator
can also be referred to as a thin line illumination emitter. The thin line illuminator 52
emits or supplies thin line illumination. The thin line illuminator 52 is preferably a laser

25  source for supplying thin line laser illumination. Alternatively, the thin line illuminator
52 is a broadband illuminator supplying a broadband thin line illumination. The thin line
illumination is preferably directed at the inspection position, more specifically at the
semiconductor wafer 12 positioned at the inspection position, at a predetermined angle,
which can be varied as required. A mirror setup 54 or mirror is preferably coupled to, or

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

directing the thin line illumination at the inspection position.



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

ilumination then passasitpeegbnR 48 viensphirctyadans 7 Qlera:bep 56pmas datkfieldihuwination
passing through the review objective lens 70 in the step 356 is collimated by the review objective lens 70.

10 In a step $RH A ARHAEE RN &rdGhitatibA SFtcditensional sHdralile £HBFdN Phereof is

transmitted theipthpdaine BXigsbaldhadarkiyddivrinationpassipglthrausioh ecbearuspiies 68 is
depending on the R/T ratio of the beam splitter 68. The darkfield illumination then passes through the

review tube RSHECPRNAL 85560 hefdrd ESARE G THEIM Sne IHMRLRD S thiRed&si P sBr il step 362.

The fough tubenlenS 6 3sfaseinea Kigsalbmateshdaddiald luminabioshens) a0 iRRadS Gapture pimne of the
review image capture device 60. Darkfield illumination focused on the image capture plane of the review

image captul@sid 8t raemiteendusidtivalsr ievidiakrratsah SgBwis e s er it Uimation of

each of the brigithatdriborairediers pnddasdiald il waiRatiewn2e batvesn 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 lermshéOophiddha spyigontueadens MZtBaNaneHs @RSenobIpesitienisgsofoeaREBMapNTif the review
image capture device 60 with the othﬁ%r components of the system 10, tfllgrek;%/ faciILtr%ting 5 capture,
while thd sefBSHIRGoNAIBFS iS5 T8tibh 25f thdeRiai B MRS inTAY e ande il Hafkfield

images. Captuigahigiiawditighiliely imagesmesheantirachrevie sardieltringgasarspigistiably
coniertd nig age Bl i Larsileq o b prewineas caphte dovie shie e
objective lens 58 has a corrected aberration in infinity. Accordingly, the thin line
illumination passing through the 3D profile objective lens 58 is collimated thereby. The
15  optical inspection head 14 further comprises a tube lens 60 for use with the 3D profile
objective lens 58 and the 3D profile camera 56. The tube lens 60 enables focusing of the
collimated thin line illumination onto the 3D image capture plane. The use of the tube
lens 60 with the 3D profile objective lens 58 and the 3D profile camera 56 facilitates
flexible positioning and reconfiguration of the 3D profile camera 56. In addition, the use
20  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
25  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
30 system 10. This automated 3D profile scanning and inspection of the semiconductor

wafer 12 is preferably controlled by the CPU.



The review image capture device 60 can have a fixed spatial position relative the inspection position. The
fixed spatial position of the review image capture deyice 60 preferably reduces calibration losses and
adjustment feedback losses typically associated wit %he use of mobile image capture devices or
cameras, (Note: The preceding statement 5 is to highlight advantage of fixed position of review image

capture devige . HaaGishPaRStYadaY MsBeeliBiPRIRNS) SRR ANDANGHW Mvaic tpviaw Rediifield images

and review darkfield images captured. The sr%item 10 further co@rgg)rises vibration isolators 24, which are

collectively kHfnis HE TGS AHRPBE HRERQFE S, 1R SYORIM % 60O FeFEbIV ASoliVisY dRERE vibration
isolators 24 gspitabilizeidpesh FgEpE Bahtarsy 6 Bris iy MaleRaraion. Rciekably thagystem 10

comprises four vibration isolators 24, each positioned at a different corner of the system 10. The vibration

isolators 24 F¥IHE SEHEBRARPLEDIREREYBUIN TorgeschRABFION IBMREPHIE frYferdiy a

compressible,steghiyecap el Stevioih iehaabs b hertt ohaudniatiane: to Ihriek Isasve/s srbuffer for
preventing transmission of ground vibrations to the system 10. Bﬁé:])reventin unwanted vibrations or

physical moYeRIEMNG fhsLpdnmindreris ViBdrdrekditioird 22 e s isARdmier vt 16f images

captured by each of the first image capture device 32, the second image capture device 34, the 3D profile
camera 56 and the review camera 60, and to thereby improve qualjty of inspection of the

20semicondUefoP RS ASPeRACRGAh Lty THEH S B0H o ety el BRI et 12 is

provided accordingwodarkeaadimaniof the pseseppipuanbeizhaisiethnaiew siagiandakingexemplary
method 400 is shown in FIG. 17. The method 400 for inspecting the 25semiconduyctaor wgf r 12 enables at

least oh® of HIOLEESBREAREON A PEVIEW dPa&TetARUIT e ilorgtictoy WarBFEIFHE exemplary

method 400 fioiriispecting G epicandietionwalansid? wibRd eferenceiswagesh(slaa knawnzasgolden
detecting, d2s§ig G Tt SV GRIERS U 18 SeimBandtutsr ks 03, FONBToLee Dctarty,
description akaficoxaaypbaryafer 12, for capturing review images of the semiconductor wafer 12.
Alternatively, the review image capture device 60 captures illumination supplied by
15 alternative illuminators, for example one of that described above, for capturing review
images of the semiconductor wafer 12. The review image capture device 60 preferably

captures high-resolution images of the semiconductor wafer 12.

A diagram of showing the review brightfield illuminator 62, the review darkfield

20  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.

25  In astep 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

30 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.



38 reference image creation process 900 is provided before the description of the exemplary method 400.
The exemplary reference image creation process 900.is shown in FIG. 18. Exemplary Reference Image
Creation Process 900 5In a step 902 of the referencésimage creation process 900, a recipe comprising a
predetermined number of reference regions on the semiconductor wafer 12 is loaded. The recipe is

preferably crgaiedepr 3irrived hyeaEeaRHIRhSaftWRIE RGNy VR RativeldtRefteireris mapually
created. The recipe can be stored in the database of the CPU. Alternatively, the recipe is stored in an

external dat®954eorthsEiAbryPesiianedo ladhor INPGSETLMiNe refbredcdsegbnlrighiiddnts

locations on jingaamiceIMEiorMRiRhlL, ranish isopfandmkronm gualifiep Beolsaatmsliptadeference
regions helps to compensate for paossibility of surface variations at different locations on the

semiconducts i¥fePtiCBiendieel! nititiple oRier e dsabfratieacdn ARERENs MefeEnglt 1Bare not
limited tg, difigientisldlanaif@nd phusmisatiesusdfieetivitiett wilihe wdeistnpehbya pessvroskilled in the
art that the predetermined number of reference regions may represent an entire surface area of the

semiconducf WAHEIDY RESAYLERVANSHY BIEMtErmined number of reference regions may represent

multiple predetermined locations on multiple wafers. 20 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 tH8 defitRed rerdbsnXasiibic. Mhuranationiakys i PRz SR SHhaidd ABHEA
predeterminggtiocpiionamonine Selerietoiaierenemtegion. tigmbeIeNmIvgation pidiesdpsadrtermined

locations of the selecte refeéence region can be varied as reéfgui ed and facilgééaated by at least one of

softwar® profiaRTaRRHEHUATE ISEPePAIR i el darttie YahrPsanshly st %@Hﬂ@ﬂrst image
capture devinedndtieseronshitagarcaptuiacevicecds and teineyiqupimegbetaptditcdayicre62 as
required. review image capture device 60 in a step 316. The review tube lens 72 focuses the
collimated brightfield illumination onto an image capture plane of the review image
capture device 60. Brightfield illumination focused on the image capture plane of the

15 review image capture device 60 facilitates capture of review brightfield images in a step
318.

The collimation of the brightfield illumination between the review objective lens 70 and
the review tube lens 72 preferably facilitates ease of introduction of optical components
20  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.

25 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
30 illuminator 64 is preferably directly focused at the inspection position. In addition, the

darkfield illumination supplied by the review darkfield illuminator 64 is preferably



30Alternatively, the n images are captured using a different image capture device. llluminations used for
capture of the n images can be varied as required, are for 39 example one or combination of the
brightfield illumination, the DHA illumination and the DLA illumination. Colors and intensities of the
illuminations used for capture of the tt images can be selected, and varied, as required. 5Capture of

multiple imaggasaéeachpaaijreeissabbnenapias dafarsnea manes 1@ ReiaaiePlialdng imo account
the variations in the illumination, gptical setup and the imaging means used during capture of the

reference imSGUSORHS MY Sf rdibiehted sHRaBR eI clgdn imsrtsi2BY ihvgh e lraifsheds ¥ effects on

defect detecligisRadslagsificationeduenifgREzlions heremihadlivminatioa-conditions. In addition, a 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 condition facilitates a

normalizing of gayRpessAtian ehilaeinaligniMadiaiion kaee dashytthflashaictiansirohgdoistrepe. 15The tt
images are preferably stored in the database of the CPU. Alternatively, the tt imanes are stored in an

external datRSSL R RPhdgsEioned L hegmrerianeiiiicgod hinis e riedgla it HemipatioRiep 906 are

aligned and piappasesseeoiefsablic subbeiscobiRert imagep G3pIarRe darkirR BteipudQfatis registered.
Registration of the subpixels of the tt images is preferably performed using known references including,

but not limitd TS FARES IUFRBS WrapARSHRRY Chithio R Aol SRR RY S 6Y%re of binary,
grey scale opgieeinetrigal mattern matching. In a step 910, reference intensities of each of the tt images
are calculated. More specifically, reference intensity of each image captured at each of the predetermined
25 locdfibns of the selected reference region is calculated. Preferably, the calculation of reference

intensities ofieacliepf3he, thimayeshelpsieommalizenaticompessaie hereolplivariaiion podidierent
colcuiaton A FATBIGACEATEHEHG P LAEHAN S0l FERSL o LB ROPBErCERBEor other
surface variatiomsah diffatentfosadipesdagroiegioyondlie semicoadhcisinwales. Ihéalirgienultiple
wafers). illumination then passes through the review tube lens 72 in a step 360 before entering the
15 review image capture device 60 in a step 362. The fourth tube lens 72 focuses the
collimated darkfield illumination onto an image capture plane of the review image
capture device 60. Darkfield illumination focused on the image capture plane of the
review image capture device 60 facilitates capture of review darkfield images in a step
364. The collimation of each of the brightfield illumination and darkfield illumination
20  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
25  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
30 the programmable controller where they can be processed, and stored or saved in the

database.



40 The step 910 results in calculated of n reference intensities, each of the n reference intensities
corresponding to one of the n images. In a step 912, a number of statistical information of intensities each
pixel of each of the n images are calculated. The nuniber of statistical information includes, but is not
limited to, an average, a range, a standard 5 deviation, a maximum and a minimum intensity for each

pixel of eachrptthevibinagase Mapausperilicallsotherverage igiraeomeiicongamotdhgiveference
intensity for each pixel of each of the n images. Geometric mean is a type of mean or average, which

indicates tha SESfEPRePRiHeY- of Ry pitiedy SRaE B rRPELo8r AP IBY i HARSHERIUTHADRbers of the
set are multiphigera5g thanctie: i eRinolbiRes e lhina g et ianlaiessAyisionwa tes abtaining

geometric mean is shown below: Calculation of the geometric mean instead of arithmetic mean or

median prev¥is 14820 arabci MRS S RIEUSESH PRk el B Ead ROPIFRE i SGELNF8In being
unduly affecteoliy @yisamelvaluas ivraidada satiod b AdilaNi fARE R Hhaksalvie-intRasipobmieinafter

referred to as Ri) for each pixel of the n images is calculated. Preferably, the Ri for each pixel of the n
images is th8X4Rfe*s dWbslraehthersByirmhanang SWWnﬂfrﬁeéi‘(?%I%%ﬂ%iW%F%%ﬂ BiXEvof the n

images. As preK@iglnmestiapgekethe 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

The system 10 further comprises vibration isolators 24, which are collectively known as a
10  stabilizer mechanism. The system 10 is preferably mounted on the vibration isolators 24
or stabilizer mechanism when the system is in normal operation. Preferably the system 10
comprises four vibration isolators 24, each positioned at a different corner of the system
10. The vibration isolators 24 help to support and stabilize the system 10. Each vibration
isolator 24 is preferably a compressible structure or canister, which absorbs ground
15  vibrations to thereby serve as a buffer for preventing transmission of ground vibrations to
the system 10. By preventing unwanted vibrations or physical movements to the system
10, the vibration isolators 24 help to enhance quality of images captured by each of the
first image capture device 32, the second image capture device 34, the 3D profile camera
56 and the review camera 60, and to thereby improve quality of inspection of the

20  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
25  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
30  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



specifically, the standard deviation is a geometric standard deviation, which describes 25 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: IT" (In 4- - In = eXp where j.tg, is the geomtric mean of a set of
numbers MI, A2, ..., 41 In a step 914, the tt images captured are temporarily saved, together with their

correspondingrépfar atigpes4chidn 19eREN000 (e fRmikPpelustahwaletdptioh iistHetaensrmegion. The
statistical information calculated in the step 912 is preferably also temﬁgrrigglg/@saved in the step 914.

Preferably, tA BB Gathqs el theaatsiaas of rentind eroersak Ky tHetabol8: data is saved
in an alternative database or memory space as required. In a step 916, it is determined if more images of

the selected pefarsnee koG & engakivedsdhersisR S1dis preferably software controlled and preformed
automatically. 10 Preferably ;t%,% SF%p 916 is performed with a reliance on information obtained by the
> tHed

steps 970 arl $15tRI1&PRafl 50 1838 MmUY fataftsted B cOEEIRE (LIRS tEhfques known

in the art. If ipisddeienmiReauinbBeTielddthabi@nrgesnt shereleciatrafcienseisagitieare 15
required, the steps 904 to 916 are repeated. The steps 904 to 916 can be repeated any number of times

as required. SRS S RECRIEN e SH Y F DA% A9MRY o initn 8Os ARk MitReiLteReDregion is

required, a stepR1E ohdetariningifdharteps R4 dmOB6 Regedtdbaiepraibsiona aexiarierence
region (for purposes of the present description, a second reference region) of the predetermined number

of reference TeGIAY Y e Bty GRS I VAL PBrARABIF LB AL S R MEY U SRS rormed automatically. In
additiong the step 918 is preferably performed using information obtained in at least one of steps 910, 912

and 916. Altern%tivFl%, the step 918 is manually facilitated or con?rolle‘d using technigues known in the art.
Each of the predetermined reference’regions represents locations on the semiconductor

wafer 12, which is of an unknown quality. The use of multiple reference regions helps to
compensate for possibility of surface variations at different locations on the
semiconductor wafer 12, or between multiple wafers. Such surface variations include, but

15  are not limited to, differential planarity and illumination reflectivity. It will be understood
by a person skilled in the art that the predetermined number of reference regions may
represent an entire surface area of the semiconductor wafer 12. Alternatively, the
predetermined number of reference regions may represent multiple predetermined
locations on multiple wafers.

20
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

25  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.
30  Alternatively, the n images are captured using a different image capture device.

[luminations used for capture of the n images can be varied as required, and are for



25If 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 se % nd 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. 42 When it is

determined isthepieshd13 hiahbesiPsAd 19i2h8idr nohAGedil beepeastiukantidhimages of the

next reference region of the predetermined number of reference realons are not required, golden

reference imA§dLRdARREvRrSRlar e iRtiise o fihsgdemipatines usshipa el e il 620. S The

calculation ofihgcrefgranceivordesa pigteraklycsafta@re controlled, and is performed via a series of
program instructions. The following steps are exemplary steps performed for calculating the reference

images. It will however be understood by a person skilled in the art that additional steps or techniques

Complement@apt@r&h@flrﬁim pWing atepatreahbsopridarprettinbiiecaaliulatigaraidbengierencedmage. In a
step 922, plxels having reference intensities greater than a predefined limit is determined. In addition,

pixels havmgﬁr BTﬁequﬂe?@ﬂBgtg%thﬁ%ﬂné Bretisritiyriaagens %Té%ﬁ‘?é@w?me@ﬁap 922. The
predefined limifgng rmage ekddedsien9peab bedsd raiwace saleetedrandmateiaiTedRremanually

determined. In a step 924, pixels of intensities with a standard deviation greater than a predefined value

are identified™PRE ﬁgﬁté‘?fhe‘al{}gﬂiéeéf revarieopYIEERChS Qbrtliadssor clstrahddesttinfin®or manually

determined. & istenifr o dine weor/aﬁuﬁwsauadvmagﬁs aRifithesiepattiare reloadadder kepeat of any
one of more of the steps 904 to 924 if xel with reference intensities 20outside pr determined value or

range iidertHRAEESiHEtEE s f8% et‘ét I8 dpSI 9% 3Ry 96 RS e eTiffic R Eimages

comprising pixetsiftRpeciiadixel infmosiiegy Monpapeciicaliylipr sieprg&22ato &b eaigiddentification
of images
'mag illumination condition facilitates a normalizing or compensation of illumination variation

from flash to flash or from strobe to strobe.

15 The n images are preferably stored in the database of the CPU. Alternatively, the n
images are stored in an external database or memory space as required. In a step 908, the
n images captured in the step 906 are aligned and preprocessed. Preferably, subpixels of
the n images captured in the step 906 are registered. Registration of the subpixels of the n
images is preferably performed using known references including, but not limited to,
20  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
25 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

30  orregions on the semiconductor wafer 12 (or the multiple wafers).



containing pixels having reference intensities outside predefined limits or ranges, for 25 example
identification of "undesirable" images, to be identifie% More specifically, the steps 922 to 926 eliminate
"undesirable" pixels from the reference image calcu %on and help to prevent "undesirable" pixels
influence on the final reference pixel values of the reference image. 43 reference images. In a step 928,

images compyising:pixels YhIR Hﬁeéﬁﬁﬁﬁl@eﬁﬁﬂisrﬁ%#éﬁéﬂg@%l&}simgGé%d‘lipbﬂiﬁ?@ﬁﬂ@@'ﬁe@éﬁ&onsmidated-
Preferably, the reference image creation process 900 results in derivation of the foIIowmg 5image data:

(a) NormalizBicaviisiyeoseimeiling & 0Rerehiths Brigx@ibiithad sERsdlittatettimbiged @fstistard

deviation of iRfeRsiy & eaaltdikekofaachiRbihg esvtselidaioniimage el MaximRdmrapdimiBpum
intensities of each pixel of each of the consolidated images 10(d) Average reference intensity of each of

the predeterflinEaHiGHDBFBPHYiRe M LSy doRa AU Shith RIS AES PHEMSNLORRRE IS mages of

the steps928kapsaSaN HRIRIANGE AMPYasnTheafRERNIEE hagEas piraasheidNitT arrrespRanding image data
is further saved in the step 928. The 15 reference images and their corresponding image data are

preferably saved in the database of the CPU. Alternatively, the reference images and their corresponding

image data aRRayeificalaliasative databaseoaiciRMMNSPACR: Hetdithe-apRripGiatest e person
skilled in the art that the, Sgoefp 922 to 926 helps to reduce amount or size of memory space requwed for

storing the réfSferMleii t%%dltHBﬁgEErerSB@ﬁHﬂﬁgI‘&%ﬁ% WRICHPAY Giapier average, which

indicates the central tendency or typical value of a set of numbers, or n numbers. The
10 numbers of the set are multiplied and then the nth root of the resulting product is

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

n 1/n
(Hﬂ"!) :{/al-az..a

i=1

Calculation of the geometric mean instead of arithmetic mean or median prevents the
15  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

20  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

25  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:

I3 (In Ay —In gy )?

T, = exp l’/

T

where |, is the geomtric mean of a set of numbers {Aj, A, ..., A,}.



20 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 X'sualize 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 25order to display and visualize the reference images. The steps 904 to 928 can be

repeated a predeteipingd nyRebar ahligeesdgierRLULIRY @ikpEIaSRPNENG NUHIRATPT iMAgeswith at least
one of the first image capture device 32, the second image capture device 34 and the review camera. In

addition, the"SIEpPORINS IBSIBUMN b FEpAKINTIHPR RISy TRTRGeRNCFretafRTill i MafitHs or

illumination gefeaiticnseiasiLxavRIaltightiigtditdmination RER N IHPigapon 204 pritemnation 44 and thin
line illumination, as required. The repetition of the steps 904 to 928 enables creation of reference images

for multiple ifRIARASEERS B dmihadtii ddakisicaha BrRQURIBRAATa¥hiiRe dagRass 85 required.

SAs preyioushy desoribgesthe dagivationmleterancesinanas far mutinip selarance waipnaaithe
semiconductor wafer 12 (or multiple wafer) and at multiple illumination conditions helps to ensure

accountabili§PAhdEHEE s ation where required, for variations in quality of subsequently captured
images due to variations in the lighting conditions. For example, the capture of reference images at
different reference regions of the . . . .
In a step™916, it 1s determined if more images of the selected reference region are
required. The step 916 is preferably software controlled and preformed automatically.
10 Preferably, the step 916 is performed with a reliance on information obtained by the steps
910 and 912. Alternatively, the step 916 is manually facilitated or controlled using

techniques known in the art.

If it is determined in the step 916 that more images of the selected reference region are
15  required, the steps 904 to 916 are repeated. The steps 904 to 916 can be repeated any
number of times as required. When it is determined in the step 916 that no more images
of the first reference region is required, a step 918 of determining if the steps 904 to 916
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
20  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.

25  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.

30



10 semiconductor wafer 12 (i.e. different locations on the semiconductor wafer 12) preferably ensures
accountability and compensation for color variations gt different locations on the semiconductor wafer 12.
The steps 904 to 928 are preferably executed and cé trolled by the CPU. Preferably, the 15 steps 904 to
928 are at least one of executed and controlled by a software program. Alternatively, at least one of the

steps 904 toWa8nmay badhandally arsistpd ifg agiinedsdheoeferncednrgaarsaested Bythedexemplary
reference image creation process 900 are used for.comEarison with subsequently captured images of

semiconducidr WieagesofiiRA AT Jetsiaes fheieb Pk HRscsersaRinsde yrbeteeli sRfcEriSEification and
review of 20¢gfRels 98 the sequisandusiemwalerehde Anarayidusinarentienad:dne Rresastdpvention

provides the exemplary method 400 for inspection of semiconductor wafers 12 to thereby at least one of
detect, classifA8RY ASGIBRNFRISEIRHdRE TN semiconductor wafers 12. 25 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 aheftrSHSHHRT ofto e TEENESENPESS db bty SFARE LSRN Ep AR e digtelStable 16 to
secure the 3sespranductosspetestlzdbaimomniaruddorfieTsomicoRdHstaepales dpistarahipgomprises a

wafer identification number (ID humber) or harcode, The wafer ID number or barcode is engraved or

tagged onto FEQRAEE Lt culpitsn fifcdsi Hanes 191885Srel s pulinRaN W 5P iPor thE Surface of the

semiconduciasrysafeiliBdl e weferdDynbeiohbagese belpsiaitiestibothedsamiepndugier wafer 12
and ensures that the semiconductor wafer 12 is correctly. or approprjately loaded onto the wafer table 16.
In a stdy 402{?]:5(\)0%&5%?)%?3(?% BSWW&%[@FW%?%%E@@ tOHE WatéF table 16 is obtained. The

wafer map may be loaded from the database of the programmable
In a step 922, pixels having reference intensities greater than a predefined limit is
determined. In addition, pixels having range of pixel intensities greater than a predefined
range is determined in the step 922. The predefined limit and range of the step 922 can be
15  software selected and determined or manually determined. In a step 924, pixels of
intensities with a standard deviation greater than a predefined value are identified. The
predefined value of the step 924 can be software selected and determined or manually
determined. In a step 926, the previously saved images, as in the step 914, are reloaded
for repeat of any one of more of the steps 904 to 924 if a pixel with reference intensities

20  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
25  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.

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

images, thereby preventing influence or presence of such defective data with generated



10 controller. Alternatively, the wafer map may be retrieved from an external database or processor.
Further alternatively, the wafer map may be prepared or derived upon the loading of the semiconductor
wafer 12 onto the movable support platform using methods or techniques known to a person skilled in the
art. 15In a step 406, one or more reference locations are captured or determined on the wafer map and at

least one of yplRe Ynfhgeslaionakpnb§ rfaiionabeiferlis pricwalgthisiodashniquaaKaVN to a

person skilled in the art. In a subsequent step 408, a wafer scan motion path and a plurality of image
capture 20 pa8#oHd GrEnegrUmtcssrdstR ks aidattdier 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. SRR peleimce FaAse GEretBPaPE O I s Inslaivi Sl ithp dplodiRe wafer die
size, wafer pitgdndagRection area, wafer 25 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 b& AN Ze SrsEagr CEULANSHHY pistaRty b rinsage Ldpturensoldusrd ieaete altered as

required using teohsighes koot aparspsskileddn ghe st chbe AumbesRbitaage tapivse positions
can also be altered as required using technigues known to a person 30skilled in the art. 46 Preferably,
the steps 404 td HoM R ETRRRr Gl RITBIRa ST BSSu0b SHeteR*E, FhrsIs LSRR AIRPEY ed
programmable conikgligsof the system 10. Alternatively, any one of the steps 404 to 408 may be

performed by, or with the aid gf, an alternative ;frocessor. 5In a step 410, the prograinmfable controller of
the system 10 deteriiBESaUEREHT, 'BAN SpBtopitae g Tl FeebranOs {HEraRErRt FERSITBE o as a
reference image). lfdhiieiarenaminagenissigs ayailable, the reference image is created by the exemplary

reference image creation process 900 as described above in a step 412. 10Preferably, the reference
image is obtained, or created, before performing an exemplary two-dimensional (2D) wafer scanning
process 400Thea siafohddicd progessdiowdiagpan ®f ke examplrigiveodimessivhal (etbuafer scanning
PrOCesS 0 et A O T R 2Pl WAl Scanning Pr RS pe”
15 reference images and their corresponding image data are preferably saved in the database

of the CPU. Alternatively, the reference images and their corresponding image data are

saved in an alternative database or memory space. It will be appreciated by a person

skilled in the art that the step 922 to 926 helps to reduce amount or size of memory space

required for storing the reference images and their corresponding data, which may enable

20  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

25  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
30 928 can be repeated for capturing images at different illuminations or illumination

conditions, for example brightfield illumination, DHA illumination, DLA illumination



15The 2D wafer scanning process 500 enables capture of brightfield images and darkfield images by the
first image capture device 32 and the second image capture device 34. In a step 502 of 2D wafer
scanning process 500, the first image capture devicé§2 is exposed. In a step 504, a first illumination is
supplied. The first illumination is for 20 example brightfield illumination supplied by the brightfield

illuminator 26, iR inatiam sunplied By dhedhighanglaidarkiiglehillumpiaton 38 gpPlefabilmination
supplied by the low angle darkfield illuminator 28. Selection of the first illumination tg be supplied in the

step 504 is prEfiAbIY dEtsrRRtR MMARSh iftMHARSH LoRHgaramT oadtiLRBnAC P rerssons-tREdiumination

configurator ysi@ GAMRReeRhES taptexstRM L] angdagigctronically 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

illuminagor 26,5l aaien Qi amd A dtiemitatae28cE anasédher IRpapritiesentbinations for the first
illumination used by the image capture device 32 and the second illumination used by the image capture

device 34 ar@l AN RAUC BTG 7108 Mot W HiL? rRd gL Rafiinle aminadoniandiions cond image

capture devigelgddisasabatantiahbsinilandiksnipatiomnsnarhdie thjauemier ohsdabanfigiaaton would be
the highest of all the confif;urations Eo_ssible. 5For purposes of the Present description, configuration 1 as
shown in thePfasHPssdefatipgcaptured images due to variations in the lighting conditions. For

example, the capture of reference images at different reference regions of the
10  semiconductor wafer 12 (i.e. different locations on the semiconductor wafer 12)
preferably ensures accountability and compensation for color variations at different

locations on the semiconductor wafer 12.

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

20  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.
25

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

30 semiconductor wafer 12 thereonto.



is selected by the illumination configurator. Accordingly, the first illumination is the brightfield illumination
supplied by the brightfield illuminator 26. Preferably, tgue steps 502 and 504 are performed
simultaneously. Performance of the steps 10 502 aléiL 504 enables capture of a first image, as shown in
FIG. 22a, by the first image capture device 32. In a step 506, the first image captured by the first image

capture devigge3Zoiniconuesiss ieimaopsignds anshipaRsmMiftedia the fefidavisnthRidata amsfer

process and preferably stored in the database or storage memary. 15In a step 508, the second image

capture deviBB2rs kdyeeeran theteprteroly BREGNE MuRAFRTSN ts st CALaREE R0 Art
illumination, aetaciion alcthensesamstibymimaiion, impreigakiicaeyermings phetiafluningtien epnfigurator.

For purposes of the present description, configuration 1 as shown in the table of FIG. 20 is selected by

the illuminatidf CEPRERNAESIOARAFIAGlY e WatsntPiImRsticH iRaiseds AR AR 28 '€ upplied by

the highsangigfirdsirieidtuminatan3ghdt silbrawavere appsiaietbyvarBerspnsskilestinytae art that the
first illumination and the second illuminations may be alternative illuminations as required, for example

those of the HRREFRHREDNIRGIRSERME SroWafsh #RiSdBie of FIG. 20. 25Preferably, 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 jmage, as shown

in FIG. 22b, ByEREEGNE MGl I RAAUECBA 1105 Wl B s P2 il S eBh it ¢aur&d by the

second image eBpilmR] dFEedels SAPVEIHGHN IR INADErsigNdS andiisansnitied jeotiens@apkgrammable
controller via the data transfer process and preferably stored jn the database or stoga%ge memory. 48 A

diagrarshofHGME RGN 6 Pth D fird T agaR AU R dEUitsy ob M 3% &F B SE MR ntion,
exposure of paecsaepnthiniageatRpibfe deViee Idafstippy ahifehsepapditmingdioreangthedata transfer
processes is provided by FIG, 21. The steps 502 to 512 can he repeated any numbher of times for
capturing a &g?ﬁé%%8ﬂ{%ﬁ§%}ﬁ‘ﬂé1”8f"§e‘f’§‘%ﬁ P RAGECXAY S8 tiH%@é%P?Hkgéﬁ 1hductor
wafer 12. Moiasapediiesindhva sepshda teifita arenpeeferably repeated for capturing images with the
first illumination and the second illumination of the semiconductor wafer 12 at each of the plurality of

image capture positions along the wafer scan motion path as calculated in the step 408. 10 As previously
described, ebch okfhedosbimagenang tkrersaconstimage asecepnvedted datorimage sigmalsvand transmitted

512 o porto M Ul SEiHoHAErar AT R RO RIGTL 0 S L R B et
image and thecheipes kimage s pptfesmsidivetiiia the semiconductor wafer 12 is in motion along the wafer
scan motion
In a subsequent step 408, a wafer scan motion path and a plurality of image capture
20  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
25  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

30 skilled in the art.



15 path. Accordingly, a person skilled in the art will appreciate that the semiconductor wafer 12 will be
displaced by a predetermined distance along the wafer scan motion path between the steps 502, 504
(which preferably occur simultaneously) and the steps 508, 510 (which preferably also occur
simultaneously). The predetermined distance depends on several factors including, but not limited to,
speed of displaggamit #fthegd semisonsigter puatambd aleetiir Wgfer stanspetian pathsed time
required for any one of the steps 502 to 512. The predetermined distance may be controlled and varied

as required, B SSHIBIE D PhressuNTABIE SRIFSPHAUIMaBNIEHE pheigEraviRe S st may be at
least one of gRfwgyesou mameihajasdisetestndl HocordinalhdhedfistimaagnmlvBayscaspsedetermined
image offset when superimposed onto or compared with the second image. FIG. 22c shows a combined
image of the first image and the second image demonstrating resulting image offset due to the capture of

the first smage argshe segrNsténagemahitetigrsReicONIUSIaE AR HdR imiRcRLanLING pradetermined

image offset depends on several factors inclu%{, but not limited to, 30 speed of displacement of the

semiconducfBPboRIZH S 22MIRR trdshras SRerrRtRnIGiaed oA tifnEetstiRre dlfBRey Undhsf the steps

502 to 512. cgsisatanchyasiationoef ihgnreeetaemisrebivadmetsat rapslkd alyeast erengfiasftware or
manually facilitated. In a step 514, XY encoder values are retrieved. The XY encoder values are

preferably SO6TANTEdREER IR Wefite WepsdstrABAd appye Mrérsiibil the XY encoder values

represent positions (XY-displacement) of the semiconductor wafer 12 along the wafer scan motion path.
The XY encodegr valijpgs obtajned are used for calculating the image offset (coarse offset) between the first

image Ahd theLe8NY MfReacTdimase Brdlrticthe S SESHE S HE SRTH SR RS AhAGEIPHY step 516.
The fine imageoaffseins aalcuated derky peitarmiog sidopixe bistgoe1alighpertisimawpaitermmatching

techniques. The final offset is obtained by applyin redetermined mathematical f,orm%a n the coarse
and fine imal %‘T‘f%‘?&? e bW@d%&‘é‘ﬁ%ﬂ%‘d‘%@éé?%%Fc%%F&?ﬁ%? g@dﬁj%&?@@é‘%% uiréd using
techniques known to a person skilled in the art.

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

15  The 2D wafer scanning process 500 enables capture of brightfield images and darkfield

images by the first image capture device 32 and the second image capture device 34.

In a step 502 of 2D wafer scanning process 500, the first image capture device 32 is
exposed. In a step 504, a first illumination is supplied. The first illumination is for
20  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
25  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
30  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



15 The 2D wafer scanning process 500 performed in the step 414 of the method 400 results in the
capture of multiple images of the semiconductor waf { 12, preferably at the calculated image capture
positions along the wafer scan motion path. In a ste§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, classifyingireapspidatingeangateringidefectinomibesemicandycigivaianls Mprecess flow
diagram of the exemplary 2D image processing process 600 is shown in FIG. 23. Exemplary 2D image

processing prisaYigly Sals BBminageh ittt ihrprebeus Yo shGnidigurpriorsusiig b e images

captured in thig i Wedartse BRI RIRSRSSRABIdN 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. 50 first images and second images captured and saved during the 2D wafer

scanning praeessurpescRWPeRes &fctitalpiassind tlassintions dhel fustmuavking dipage ¢ PrERENDY the first
image captured by the first image capture device 32 during the 2D wafer_scanning process 500. S In a

step 604, sub-SREFSEghNER SHHmEnaatyeoRig ish e arids e dhe dBshilbrahisiing it ilhSerformed

using pattermsateRiagieshnitiéas usiig Ohe e BisBdRMapIaaSl:iés performed using one of binary or
grey scale or geometrical pattern matching methods. Once aligned, reference intensity for each image is

calculated from one or more 10 predefined region of interests in the image as shown in a step 606. The

steps 604 ar@eatnaYHe epletivaiv KfeHedtefamaPEpIaeervNgd 0 Pheliisiwe ddingingge. It can be
readily appreciated that the preprocessing is not Jimited to above steps. Additional steps can be
incorpdiatecflr #34 gped'p?aﬁ@g’éiﬁ@ﬂ%%(? SR 18RS 2588y Reltt g%gp 668, Wi Hoibdha%terence or

reference imageuie gelactesh. The {igt seterepdaimageselpaird ibyitie siep bl conrerondser matches
of Golden reA R B L B AT SO NG Al el s LT BIONEe 500 i (e
step 412 of theseathnd #etrille exesaplamereiersnescreation peweess 20900 is described in detall
above, and shown in FIG. 18.

15 In a step 508, the second image capture device 34 is exposed. In a step 510, a second
illumination is supplied. As with the first illumination, selection of the second
illumination is preferably determined by the illumination configurator. For purposes of
the present description, configuration 1 as shown in the table of FIG. 20 is selected by the
illumination configurator. Accordingly, the second illumination is the DHA illumination

20  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.

25  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

30 programmable controller via the data transfer process and preferably stored in the

database or storage memory.



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 25mu|t|?) icative 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 Rvalatiensab e fist wepkingdwrae Wit the dirshiriesensacimageasiiitarasdatection or
identification _of defects on 30 the semiconductor wafer 12. Preferably, the CPU is programmed for

effecting autbREAIAR R BEnSE SRS SRed BER £ ARNER dRHYh e firSTRRbr et frisgendhe 51

programmahig.aantiliehialerably Garies pricassediRSyRd GaBIPBYIFIGNS UTHienRsps aigoiithns for
matching the first working image with the first reference image to therepy enable the detection or

identification8F Q&P Y SUMRSIMAGERSS WAFEPIYT BHR AR A RIS ESEneE SisdMd B more

defects 9ccukfidped stRPs6dhafithesRPIMAgeRRcassIePresRsS 80NIdfnpRilham pnadefgsis are
detected or identified in the step 616, the aIgB(()trithm would sort the defects from the largest to the shortest
i

based on eith®F Bhelordsh ELFRRLYdRpeataitRh CHIHAAS LedsRp Ath s gt Allsvinatig ddhgth among
others. Furthgedhe algaithimoselsTiaorénitosedaieciathich measishuserdefingdiriiteiamb@do calculate

defective region of interest (DROI). If a defect (or more than one defects) is detected or identified in the
step 616, DRENY BRSEERY SR AT T2 RO Ih R SR S SR B 18 PPerably, the DROI is
calculated dynamically by the CPU in the step 618. The CPU is preferably programmed (i.e. comprises or

L At A e e N T A N St R e
image signals and transmitted to the programmable controller and stored in the database
or storage memory. Each of the steps 502 to 512 is performed while the semiconductor
wafer 12 is in motion. This is to say, the capture of the first image and the second image
is performed while the semiconductor wafer 12 is in motion along the wafer scan motion

15  path. Accordingly, a person skilled in the art will appreciate that the semiconductor wafer
12 will be displaced by a predetermined distance along the wafer scan motion path
between the steps 502, 504 (which preferably occur simultaneously) and the steps 508,
510 (which preferably also occur simultaneously). The predetermined distance depends
on several factors including, but not limited to, speed of displacement of the

20  semiconductor wafer 12 along the wafer scan motion path and time required for any one
of the steps 502 to 512. The predetermined distance may be controlled and varied as

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

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

25  Accordingly, the first image will have a predetermined image offset when superimposed
onto or compared with the second image. FIG. 22c 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,

30 speed of displacement of the semiconductor wafer 12 along the wafer scan motion path



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

second working image is the second image capturel%l y the second image capture device 34 during the
2D wafer scanning process 400. This is to say, the DROI of the second image (which is a corresponding
image of the first image), is inspected in the 20 step 620 after performing sub-pixel alignment of second

working imaggd khecnepertianaf the BRObotBeepsossbwerking inage Peferahivdasilisatas
confirmation of defect detected in the step 616. Further preferably, the step 620 facilitates classification of
defect detechSErfiAHRIREE I BEES P55 aayRent Foprieassitiarpridiavethelsgdiidvorking 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 processin th&dxcdid WHrkisg IR aguge &n Teriesdiy B piecisteeriatdtich ddmgEmPYocessing

sequencge dyjrumieallyt drgideschased antbe peuis SfiBoprecedinaicpse TXe wilkdasHitatrdgproved
system 10 throughput or wafers_per hour. 52 In a step 622, the detected defect, more specifically the

location or pBESHSALRASIEERS S NETPLP re BRIt 4D P ERLraBRUS YoVt pératanh hae'ditb cted defect,
and the locagiam anetidassificalinn Xerepfoiesavraddntigtiiabase@f e LaRWladHeinativeigethe

detected defect, and the location and classification thereof, is saved in an alternative 5 database or
memory spalhSeFHECSp OB BBYSLANDETFL YRS B! @Bﬁgﬁoﬁﬂfﬁﬁﬁt‘é?o‘iﬁﬂﬁﬂ@g poipr8lessing the

images captiiededurinanihge2bwater seanping pipcessp80s Eaghiafdhe inagescaptureddeding the 2D
wafer scanning process 500 is sequentially loaded in the memory 10 workspace and H“%C i?ﬁid for

facilitatifl theY RSt EBINSF YOS WRRSH LM BIS r &S B HRR BB dachaiWsTe steps 602
to 622, and hEgseepetibandtemohpasiiiateprtieashone afdeiecienl eamniiimaivheanshslassatication of

defects, whi ay be present on the semiconductor wafer 12 at any of the multiple image, capture
positions al (i%eTH'é,a‘%fgt{fs&%r{l‘ m&%ﬂeﬁ%? mat%emat];cal t%rmlﬁa%lay Ee arlgjlillst%(f as re ulre%p
using techniques known to a person skilled in the art.

15  The 2D wafer scanning process 500 performed in the step 414 of the method 400 results
in the capture of multiple images of the semiconductor wafer 12, preferably at the

calculated image capture positions along the wafer scan motion path.

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 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

25  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.

30 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



In a step 624, each of multiple defects, and the locations and classifications thereof, detected by the 2D
image processing process 600 are consolidated and_saved, preferably in the database of the CPU.
Alternatively the defects, and the locations and classslﬁcations thereof, are consolidated and saved in an
alternative database or memory space. 20 The 2D image processing process is preferably an automated

process. Prefigiabiyiahe GilUsicpRagiamupediptui ConPESRs advenias Mk ComprERg instiyations or
software program, for automatically performing the 2D image processing process. Alternatively, the 2D

image proce@%?ﬁifbrgeé<§’é“ii’i%ﬁ?5b§)1(1c iPAfSEnbyis iR eas o Bt Aok it age I8 PEGREUthE ompletion
of the 2D imagR RIAEESSIPARIPESSHOBROT IR SEPHLE Riike srether 4AQ repuliafe ceasalidation and

storage of defects, and the locations and classifications thereof, detected using the brightfield illumination,
the DHA illufficeidn %hd DLA 30illumination. 53 In a subsequent step 418 of the method 400, a first
exemplayry 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

facilitating coR<e g8t dGrmitkiBhtet ALEBMrRKiR! Jhen IS WRIEHYL LRASK dfePer s setbiddiductor 5
wafer 12 is difplagest aloperénacpicuatpsivmial-sean MmetinnRainuien captwingosPrimpasssoftthe
semiconductor wafer 12 at.any one or. more of the multiple images capture positions aloré%the wafer scan

motion path SPEHRIMEHTEIS RO AEY R pPEReSSH oW GRYRSH G i AR e MPRalF SIS Water

scanning pragess 408nisdshevencit&|tateddityOfexaniannsE Wwafenlsaaneingrprecess 690hbra step 702 of
the 3D wafer sca?,nin process, thin line illumjnation is supplied by or emitted from éhe thin%ine illuminator
52. In a%te TR tE AR IR AR RedMasR 8 e AR fe ‘fi‘%ﬁ%g;s?%ﬁtﬁ?ft At Cetup 54.

15In a subsefue Bt e f@Geliheeibircline iluminapanéssiafiastenkbirthevaeitnigomnshieion waikebel 2, or
portion thereof, positioned at the inspection position. Reflected thin |ine illumination. from the
semiconducfS?Wé'féIPIirf%aﬁ’gﬁgﬁliifﬁ?dplrﬁ%ﬁ e éﬁlﬁféﬁwt%jté)cﬁji’/évf‘eﬁg% \%ﬂ%ﬂ% H6B%ration

corrected in sfinityinicoepsterd 8- theasprissiamefitheébigaipe illumination through the 3D profile
objective lens 58 in the step 708
15 In a subsequent step 608, a first golden reference or reference image is selected. The first
reference image selected in the step 608 corresponds or matches with the first working
image. Preferably, the first reference image is selected from a database or collection of
golden references or reference images created by the exemplary reference creation
process 900 in the step 412 of the method 400. The exemplary reference creation process

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 for each pixel of the first
working image are referenced with a predetermined threshold value together with

25  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
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



20collimates the thin line illumination. In a step 710, the collimated thin line illumination then passes
through the tube lens 60 before entering the 3D profg]? 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 25 profile
camera 56. Thin line illumination focused on the 3D image capture plane enables capture of a first 3D

profile imagg Rfohe BRIMICUHIMCPENHIELBIN 8.5IRR bhtCollmationahhiriHandgetiusningtion between
the 3D profile objective lens 58 and the tube lens 60 facilitates ease of introduction of optical components

or accessoridEihalieBrCcling dmbrstnexbiagbarssninth Akt Fed dRfgERat dRsteR: BES o file 30

camera 56. athis ik Nignathaden tbinine dlsminationitbaurnbed Rieallaser or broadband
fiber optic illumination source. In addition, the thin line illumination is preferably directed at the inspection

position at a specified angle with reference to a horizontal plane of the semiconductor wafer 12 positioned

thereat. sThe pgigiehatawbicbithe Birding Sndlwninationeis di ectadsahthe igspBestionRositiomis:preferably
variable as required using techniques known to a persan skilled in the art. It will also be appreciated by a

person skilldf HiHgrPIRSEthE Watb gt inensingts iftmiatste mhydseidid R SR aried, as
required. Prefesably qllaerireadhand wavelengibcef thanthi lingduninalionoiscselegteideernbiancing

accuracy of at least one of defect detection, verification, and 10classification, The first 3D image is

converted toiderliGh A€ ananEdhs MBI NS cBUPRAL My PHdaRH0L SE85 PIENER #RA™MD image is

processed byHaes QRidHer aelapsiring QERRNGigNtosaguféag, Woblanruty measering cetaeiing and
classifxiilng a defect. 15 Pr(fefer.ably the steps 702 to 718 cag;lag(gl Fi&epeated any number of times for
[

capturify a BriddglASiAg R BEr LIP30 ik (R RN EROLS AP BT EYES to the
CPU. The steasct@f & Tdheasdom padaied mtheraiseleciedsinagemaapisirevaasitionssathag the wafer

sean motioncg?gglgg hi% Vm%g %llage lr)'rgf%rably, the DROI is calculated dynamically by the CPU in
the step 618. The CPU is preferably programmed (i.e. comprises or embodies a series of
computing instructions or software) for enabling the calculation of the DROL.
15
In a step 620, a corresponding DROI of a second working image is inspected. More
specifically, the second working image is the second image captured by the second image
capture device 34 during the 2D wafer scanning process 400. This is to say, the DROI of
the second image (which is a corresponding image of the first image), is inspected in the
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 preferably, the step 620 facilitates classification of
defect detected in the step 606.

25  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

30  preceding steps. This will facilitate improved system 10 throughput or wafers per hour.



Preferably, the first 3D wafer scanning process 700 enhances accuracy with which the exemplary method
300 inspects a semiconductor wafer. More specificag)h;, the first 3D wafer scanning process 700 enhances
accuracy of defect detection by the method 300. Sucht inspection provides details 3D metrological details
such coplanarity, height of three 25dimensional structures such as solder balls, gold bumps, warpage of
individual digras well ewdnelaatien Ruetarahive gnaliscafinasteRafibh ansbiangiiipns thergof, of
processing of 3D images are saved in the database of the CPU. Alternatively, results of the step 718, and

repetitions 30 tHef oMo rHEEESEING IhSisImdy e vie SBirder3hlan WeeAsitredadetttse®d smory space

as required. oo fiBrEXRIMMRESEGON RS dinaRa el d IAXh VRIS SERNDING IREESSVAD, ¢86 also be
used instead of the first exemplary 3D wafer scanning process 700. The optical ray path of the exemplary

second 3D wWiferedaiiicg prutdls ssion o ifinsEits 288 Hif s orte sp¥ithilty Pr SUELRH K diagram of

the exemplagaBe@nst 3k m@fesseanning process 5750 is as shown in FIG. 26. In a step 752 of the
second 3D wafer scanning process 750, the thin line illuminator 52 supplies thin line illumination. In a step
754, the thin line illumination is directed at the inspection position by a reflector assembly 80. The

reflector assgrlyefo 69 2lie BrnivelybkOrknaitsd as BEsisM@ssRmMbBE oF afyve iFRb&sFHghsetup. In a
step 756, the thin line illumination is reflected by the semiconductar wafer 12. Thin line illumination

reflected by tRESSHIROHGHABFIGRIRT 22 4 Be remEeeR T tifrefihitach of the images captured

during the 2D wafer scanning process 500 is sequentially loaded in the memory
10 workspace and processed for facilitating the detection of defects, which may be present
on the semiconductor wafer 12. The steps 602 to 622, and the repetition thereof,
facilitates at least one of detection, confirmation, and classification of defects, which may
be present on the semiconductor wafer 12 at any of the multiple image capture positions

along the wafer scan motion path.

15
In a step 624, each of multiple defects, and the locations and classifications thereof,
detected by the 2D image processing process 600 are consolidated and saved, preferably
in the database of the CPU. Alternatively the defects, and the locations and classifications
thereof, are consolidated and saved in an alternative database or memory space.

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 2D image processing process. Alternatively,
the 2D image processing process may be facilitated by an at least one manual input as

25  required.

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

30  illumination.



directions depending on the surface profile of the semiconductor wafer 12. For example, 15 structural
and geometrical variations on the semiconductor Waé$r 12 can cause the thin line illumination to be
reflected by the semiconductor wafer 12 in different directions (otherwise known as dispersion of
illumination). Depending upon the surface profile of the semiconductor wafer 12, the reflected thin line 20

illumination frem {hsssgrRironREycPs WataE Ir-aasmdioperse it dittarpnilingrtionsmblisearsiesraf the thin
line illumination reflected from the semiconductor wafer 12 in multiple directions can make it difficult to

obtain an acBH#SISTAHES RS JPhis eaFfaEnsskTisferhle SaediEntldctaran asapaive IFetRsy words, the
dispersion ofihirdingdleapnation sellestetiiamothesenricensiusianmaierata immeitipleidirgations can

make it 25 difficult to capture accurate 3D images of the semiconductor wafer 12. This is because the

dispersion of PRESEHIFN MaHAR A hRReils RbMcRerusAndurat dtdictifer 18 STHEAIIE WFections can
result insnappaapriately womaesionlscransechrmatdat RhBINsEAs Hondnapem eotetnadngSBrprofile
camera 56, and thereby in the capture of dimmer or brighter images respectively. It is difficult to derive

accurate metehdife ﬁﬂﬁiqﬂﬂ?ﬁﬂg@él’)@fﬁf A Y PR OPEEBOBTiIGh A SUYHRISINA8SS SRRILER to obtain

an accurate goifacespiofile ot tharsesigonbiciepuales dadwsnglimagestpraese Aog-6iBofsee bright. 56
Thin line illumination reflected by the semiconductor wafer 12 is received by the reflector assembly 80.

More specifit fRF AR LSt SRR Ho 1 idirg0RdRErBracsstUiRd il WRe i Hirition reflected in
multiple directions. Preferably, the reflector 5 assembly 80 comprises a first pair of mirrors or prisms 82
and a second pair of mirrors or prisms 84. In a step 758, reflected thin line illumination travels along two
optical [Path EHEHREY 2 K- YBGHGAIUEL Ulirected by, the first pair of mirrors or prisms 82 and a
second optigal patbpvimosagmeBeciestaysdhiemaacpretasirdimmitois anprans S4ufiphidosyuderstood by
a person skilled in the art that the reflector assem an be 10configured for. directing captured reflected
thin line illunfiRASh SSRd &HBréHFHﬁH{BB}%%ﬂgg tHs’5® rigfgi %8 thin fine illumination is

directed at the inspection position by the mirror setup 54.

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

20  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
25  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

30 camera 56.



The thin line illumination traveling along each of the first optical path and the second optical path passes
through the objective lens 58 in a step 760. The two thin line 15 illuminations passing through the 3D
profile objective lens 58 are collimated. The first pai éf mirrors or prisms 82 and the second pair of
mirrors or prisms 84 are preferably symmetrically positioned. In a step 762, the two collimated thin line

illuminations paseesdiNBuaRihsHanen&ifind Qe e g ilkiminationsdiemeiuttsmine 3D profile

camera 56 in a step 764. The tube lens 60 facilitates focusir:s% of the two thin line illuminations onto the

image captuf®PlatRisr tHEBAHRSYIECBEFre R SN sRG SRithdiRfotImiRaASiniGEHa ko the

image captuggrlae.pfib e RISkiisosRIvE R HEperidRiea AR WIS eéfivenviews abaaurefilgdmage of the
semiconductor wafer 12 in a step 766. 25 Without the use of the reflector assemblé%%éthe dispersion of

the thin line MufAnSEBHGMBIRE R tHe SRmitoRrtl chsrshbidme2ametfuitipidiibe iRafiesult in
inapprogriateiy igdueed Rrdrereasediamaspicabihjp it illlirpirasiap griatingthe BRupkRfilgigamera 56,
and thereby in capture of imag%es that are t0o dim or too bright 30respectively. Such images are typically

discarded. THENMAUSE KAQYdstthaReradd sialirdoin sherat-oigrtlcalsa RF A R AR BB profiling, or

measuremerkpfethenstidase fpeefie ahirg-aemiconalichar Waallhiliability 6t thaessysieand O to
perform the second 3D wafer scanninigrocess 750 5 enables capture of twg views of the 3D profile of

the semiconditidtdr traietisd gl ardihgiths Drradipndapturieaeid 8 it o Vo dve accuracy

of the 3D praefilbgear fespastincgf thewaleromaaddiionnbhetigerel thrbvasy meaidsaly, pasitioned
mirrors Qr pricigs, 2, 84 enables illumination reflected from the semiconductor wafer 12 in different

directidfs to 15i%ed for capture by the 3D image capture device 56. It 10 will be understood by a
person skilled in the art that the reflector assembly 80 can be configured for directing illumination reflected

from the semjconductor wafer 12 in multiple directions (for example, two, three, four and five directions) to
be captured E@zﬂ;}gﬁﬁg% éia?égdﬁe%lﬁ‘f?ét%‘btﬂﬁg&é%é}ﬁ%?@ &Eai @%%m{@%%%gi@i’ {@Hl\ﬁeWsPof the same
profile of wafars, Bxisting e@ipMmemis USP expeBs@rocessed by the CPU 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 capturing a
corresponding number of 3D images, and for transmitting the captured 3D images to the
CPU. The steps 702 to 718 can be performed either at selected image capture positions
along the wafer scan motion path or the whole wafer.

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 scanning process 700 enhances accuracy of defect detection by the method 300.
Such inspection provides details 3D metrological details such coplanarity, height of three
25  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
30 thereof, of processing of 3D images are saved in an alternative database or memory space

as required.



bulky and complicated setup by using multiple image capture devices. Due to the inconsistent profile of
wafers, reflected rays do not consistently return in a %’edetermined ray path to the multiple image capture
devices. This is to say, the dispersion of illumination-due to structural and geometrical variations on the
surface of the 20semiconductor wafer 12 typically results in inaccuracies in single view images captured

of the semicapdeciaipivafescbdnd ARVEGANBEs DY ATBY R8¢ tReSaNO sk Wweakagsalteebshe
dispersion) of the reflected rays from the semiconductor wafers 12, the present system 10 enables 25

iilumination RSTECRYEAB AT Hhe SethtmaRlatsarst §osrieesdtipais Hibhs Ry KR Ecdired® the 3D
image captugg devisepplarhisdelns himprereAaauiaor il mofiinghand inspectiors ofife
semiconductor wafer 12. The use of a single camera, more specifically the 3D image capture device 56,
also enhancELESBPAR & PEE ErfilgRN P TR RSP REYorD, YHELISHRYR 48505 Sihgle
objective lengsang & shagia tul@@0kgns (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. 58 After
completion of the first exemplary 3D wafer scanning process 700 or the second exemplary 3D wafer

scanning praaesst#®0salbih@dstestrdteiostss andihe lpealieny smdidassificadionsiinereefson the
semiconductor wafer 12 gbtained by performing the steps 416 and 418 are preferably consolidated. The

consolidatiofBPlife dufelie THMiTa%en B AERAd tItSs A dBIs eustioadidiss edidlbfion of a

review scan imgiendpapb i ansten 42fe Roetayailpl {ren rave e geaimeiionhpativis caletlaied based on the
locations of TJ%efects detected on the semiconductor wafer 12 along the wafer scan motion path. In

additioh defSRR A& 5STAS 5EEBRE ARSI g IHEF BN S SF WRotion path is calculated or determined in

the step 420. The defect image capture positions preferably correspond 10 with the locations on the
semiconductor waferzil#da&i%vf}ilch defects were detected (i.g. the DROI of t(li]e semi%)ng%ctgr,wafer 12)
during the stép® %58 g Hlﬁéﬁuﬁﬁaﬁ%éséﬁ R DRSS A OB A W R A BTy rEUBw process
800 is perfonmmediihgnRidawdplatesHB0cnablesniden whtlefeetsgetectetldndbasi@pe @it
directions depending on the surface profile of the semiconductor wafer 12. For example,
15  structural and geometrical variations on the semiconductor wafer 12 can cause the thin
line illumination to be reflected by the semiconductor wafer 12 in different directions

(otherwise known as dispersion of illumination).

Depending upon the surface profile of the semiconductor wafer 12, the reflected thin line
20  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
25  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
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.



15 and 418. Preferably, the review process 800 occurs via at least one of a first mode 800a, a second
mode 800b and a third mode 800c. A process flow %bart of the exemplary review process 800 is shown in
FIG. 27. Exemplary review process 800 20 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. 25 First Mode 800a of the Review Process 800 In a step 804 of the first mode

800a of the rEViRWipFoHELRIBAOIEfIFSh Ay e handemis Qdisiarinalds bt di dreditdchy d&cted during
the 2D image-neeEssaiRenbRCess 8Rdoefarimediy ihe ster4dp astheviyetod 4 msacansplidated and

saved. 59 In a step 806, the consolidated and saved first imagf,eés and second images of the defects

detected on tAB'SER% BHulREoH IWavBRd o lopieth i nytiPin digsraans BrebihialREcheiife OF server for

an offling revigamblp gostempashstheise picondnetrvalpriladise. the susrent spmisonttetewafer 12 on
the wafer table 16) is unloaded and a second wafer is loaded from the wafer stack 20 onto the wafer table

16 by the roBGiEa A 1A 4 S Do reflefiods tha Jnn UIseungignd Ry rhhalors #8P (rRiSatBH A wafer.

10The stepsn@ffelip Sfifkeoptaadpeiivily 6eneaied @b PUWRbAFOHHNEs ndependingiondise akmber of
wafers of the wafer stack 20. Repetition of the step 804 to 810 results in consolidation and saving of the

first images AnG98¢oMRiFALBHEE Sitafiet i esieh WarbiecietnndyBrdr QtdBR™5S ShdHsEdSiballing of the
firstimages and the setanddmages, pertha exiguaalsteiage: ahserver i fiseniBiievun! thyill be

appreciated by a person skilled, 15 in the art that the first mode 800a enables automated performance of
the steps 809 YW SUIGEAg FEPUSE! Fﬁfi%&ﬂtﬂﬂ’ililﬁa HHBH?%%E%W& ﬂr%‘cé%&?ﬂ&trﬂ‘*m%rmethod

allows contirypifichppachsctioramhida. user can perform offline review of saved images. This method
increases system 10 utilization as well as productivity. 20 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 defechimage ThpineASitORSAS sRicyIaier uT ine sisp dikdMpith sprrifiealbsoadeview
brightfield image and a review darkfie|d image.are captured at each of the defect image.capture positions
as calculateﬁl?%‘i g Eflféeas‘%rgoug tm: %lejjectlve ﬁ)ens 8 1n a step 980 e{“%e two t%m ﬁne
15  illuminations passing through the 3D profile objective lens 58 are collimated. The first
pair of mirrors or prisms 82 and the second pair of mirrors or prisms 84 are preferably

symmetrically positioned.

In a step 762, the two collimated thin line illuminations passes through the tube lens 60.
20  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.
25
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

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



25 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 proces 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 ¢lsREN3RIMAgGaI ROH Mlcbe-MadesiRgsliRy, Paisankitad dp dhesartaiQyisag, with the

disclosure of the present description that intensities of the brightfield illumination and darkfield illumination
used for captitffgsteienishgierdesiel?images and darkfield review images respectively may be
determined and varied as required. For example, the 5 intensities of illumination used for capturing the
number of review images may be selected based on type of wafer defect the user of the system 10

wishes to revittv BHEEsal B thstiaid falbPSERitb RfuctsPILRP 1921850 B8 sRIBRE 1 EaPture

multipleyevignabRaIaH RN (MIOUR WOBP MBI SHPHIE Y QS iRiaRsivieusisvafdrightigltand darkfield
illumination set by the user. 10 In a step 822, the number of review images C'%Etured at each of the defect

image captut@plosiidHEAE CARIMFSEEVINGRE sl 10 Yre JRUBRYS RS Haov <2V, Fh e i WlSidated and

saved reviewimagestikapbirereaivangh bf hRiRieCtinage capherevrosiionseaiealnepsipadead to the
external storage or server for gffline review in a step 824, 15In a ste§]§826, the semiconductor wafer 12

(i.e. the currBHFOEE RIS A& IR S NN aHA SEHS TR QB RE Mg YLt Leficonductor

wafer 12 is |ppdgefepmithe toafetoshack-erentd toe wipferdtablend 8 byithedaptigovaieichaadigr 18. In a
step 828, each of the steps 4q02 to 422 is r%%eated for the second semiconductor wafer 12. 20

Consoltated HhGS H0EE HRAIRE fe BLM I sHBRY T el b eiisd dieieletr bl &6y be
semiconductemaliesd Zazrelwplaagdedltonine R ereral staragshoriservenitdibecsacendeinade i@00b of the

review process 800, the steps 820 to 828 can be repeated number of times, depending on the
number of sé‘?ﬁ}&‘é’%é‘&&lﬁ%&%ﬁ%ﬂﬁ@v&gfért%é%es a8k _%’&p(gqfﬁfé}?%?)ﬁ:b&eﬁ@g’é6£§ 8338 results in
consolidatioriagid sayiRgrebinacapturaddsighilieldtiesdess.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.
15 To receive two views of the same profile of wafers, existing equipments use expensive,

bulky and complicated setup by using multiple image capture devices. Due to the
inconsistent profile of wafers, reflected rays do not consistently return in a pre-
determined ray path to the multiple image capture devices. This is to say, the dispersion
of illumination due to structural and geometrical variations on the surface of the
20  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
25  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
30 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.



61 combinations illuminations for offline review without affecting machine utilization and improves
productivity. Third Mode 800c of the Review Procesi 00 5The third mode 800c of the review process
800 is preferably initialized by a manual input, more specifically an input or command by the user. In a
step 840, the user captures a first review brightfield image and a first review darkfield image at a first

defect imagen¢rRRptEbePREIUAMNDIIMR $IRP SdinpiiaHSEr MaRHANMIRRREpIs @sserieWs e fesbraview
brightfield image and the first review darkfield image captured. Preferably, the first 10 review brightfield

image and tTSHRRFEN W MR eRP RiTsgRr afestisTlagl dsristecirdetr BiciotitbiolacitinttitRvisual
inspection thgseqtiby e UseeofheaRY ISRl tRMiewhR defestatdiferepébiminatian sepination

using the brightfield and the darkfield illuminator. 15In a step 844, the user either accepts or rejects or

reclassifies thtPd¥dct EBrAss pisErrPtY ﬁfél?ﬂlsi%‘@f’ec?nﬁaﬁ%l%m%'b%iﬂgﬁ delec e pab a0 844 are

then seguentirllyisapaated {oigaahanehenayy feiaeiinagr dantaePOSHaNG asmaaliaiegain the step
420. After the steps 840 to 844 are sequentially repeated for each and every defect image. 20 capture

positions, pd&ifvicaered teherthbir MS et RSAR Buinnerrib s aniadbivhormiacelionsas. The

consolidatechaadfsavettResil \¢h dptegisrbddheirclagsificationsar WeRupeadeston thansfaired to the
external storage or server in a step 848. In the third mode 800c¢ of the review process 800, the

semiconduc rIESCR MR SRR BONILBNAIRRS RRafey £ SN ARE RIS 198y SUIBISH) unloaded

after the congpletiemahedsnhacstesn 846. Aaearelingimitgwitheuapprsiiaiediyfangysasmskiadin the art
that the third nﬂqé%de 800c of the review process requires contin\ﬁlous uger presence for effectti%a the visual

inspectidn or FERi PR RRA%E STRTUNABEA 3 thd Tl prSebed Btisr s e e dofatétor wafer 12
(i.e. the curr@RGDsemicasbidstiarisater 4210 fhrmnvafeidakips Mapisdadadded and the robotic wafer

handler 18 then loads a second semiconductor wafer 12 onto the wafer table 16 from the wafer
In a step 422 of the exemplary method 400, an exemplary review process 800 is
performed. The review process 800 enables review of defects detected in the steps 416
15 and 418. Preferably, the review process 800 occurs via at least one of a first mode 800a, a

second mode 800b and a third mode 800c. A process flow chart of the exemplary review

process 800 is shown in FIG. 27.

Exemplary review process 800

20  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.

25 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.



62 stack 20. The steps 840 to 848 are repeated any number of times depending on the number of
semiconductor wafers 12 to be inspected (or numb\(/aé of semiconductor wafers 12 in the wafer stack 20).
51t will be understood by a person skilled in the art ﬁq the disclosure provided by the description above
that the first mode 800a and the second mode 800b of the review process effects a relatively

indiscriminatg gogtsplgiRtiane SHagrIARd MRloading mkcantiuachinagesntp iReLxternat torage or server.
The first mode 800a and the second mode 800b represent automated review processes. The user is able

to access thd&aEhan 15 SER9BBICLIVE o HiffindMAHRH OF trd daPRstéd thayaEraksiiadinen
required. Thgfiyst Brade B3R addhewecond mode 800b enable continuous review of each of the wafers
of the wafer stack 20, or the continuous image capture, consolidation, upload and storage. It will be
appreciated by a person skilled in the art that while only three review modes, 15 namely the first mode

800a, the seppadiepwis dBekand shauthisdvwaede 800¢. aie desstibehiboittipeseafedascsiption, a person

skilled in the art maﬁgm loy alternative review processes or different Bermutations or combinations of the

steps of eacl HFiHENL® idnBlnadsbrd sos5oBb o6 ish s depted frg Wik 2D srieitted by a

person skilleg:ifethgbastihalanehopboiine dhnenraviey $odesBoP0R: SRPH Smr8R08 Mayeatsaodified or
20 altered as required using methods known in the art without departing from the scope of the present

invention. AREF teSHEMSHIANEe 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 25 the
locations and_ classifications thereof, are consolidated and saved eithey in the database or in an external

databal® or TEMERS HACE THE WarsHey sl n S ieh il iRRR L&) 431S adpradiggsi? d&scribed,
each of the capibeecbbrglitfieldfimrgessdHAJMAgeR apdi BbA O3S 8940 BROCEEWIR an

corresponding golden. reference or reference image for identifying or detecti fects on the
semi C(?nduclzftgﬂ%\?ﬁg?t@ %s&x%&é}éqfﬁ}%es alnI secg}/lld mages obta{{lnge(&i ?or eaclcl) wafer

of the wafer stack 20, and the uploading of the first images and the second images, to the
external storage or server for an offline review. It will be appreciated by a person skilled
15  in 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 method allows
continuing production while user can perform offline review of saved images. This

method increases system 10 utilization as well as productivity.

20  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
25 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

30  image.



63 image creation process 900 provided by the present invention (as shown in FIG. 18) facilitates creation
or derivation of such reference images. It will be unc(lge stood by a person skilled in the art that the
reference image creation process 900 can also be referred to as a training process. S As previously
described, each of the 2D brightfield images, 2D DHA images, 2D DLA images captured during the 2D

wafer scannipgyRIosesaROGE pyeferaRbnRIBEE B HheiprAnePANUinECraferRRGR: IBTages created
by the reference image creation process 900. 10 An exemplary comparison process is already described

with the 2D ES§8 pridsEaHg o rit sdveitsitigs wal eFormehticdd timinat e nindntidicltning

between woikinginasesueed refetapagiiinagrs bsipravitedhelow sty sibpixafrlignmaskof the
selected working image is performed using known references including, but not limited 15 to, templates,

trace, bumpdM38ER ErasthelVinfiie Paudrissmasdohar), e rdte e iFrenditf ot tREREmIESnductor

wafer 12 at the-iFegs capiuitRRSERMIVRiehHpRuRIKIRG IMAGRWEE canbwerngealcgtas An
appropriate reference image for matching with the working image is then selected. The appropriate

reference imsge isdoParsra Bl Y@ Ak HEmIHE R gecreb rllc it Ay S cYehiet By tiiE Perdrence image

creation 20prasessPaR Hhae Ll Ufisqneferabliqraarammet forgnapliagbieiectigmandeidastion of the
appropriate reference image, to which the warking image will be. matched. Preferably, the calculation, and

storage, of the'HOYrHARSEHUVS AGE Bt JBREIALIHE AR SEAHYSA RSB WVIBYIH OMRBERHH GARCminimum

intensity of eagkfpikelIRftheafRieseNBe iheages by the reference image creation process 900 enhances
speed and accuracy of extracting the appropriate reference image to which the working image will be

compa}gd. Corresponding quantitative data for each pixel of the working image is then calculated. 30 The
quantitative tatasisg@2exampeniesmsdlizetavenages Vapreraelricaoreanihstastiacd deyiatignumaximum

and minimurBJQE?Oql%itA%SCSIES]%%QdBB( %Ilé) ];ttgpe4\g8r!a(rig gcgrrg%%?lé;gg%nd saved. The consolidated and
saved review images captured at each of the defect image capture positions are then
uploaded to the external storage or server for offline review in a step 824.

15

In a step 826, the semiconductor wafer 12 (i.e. the current semiconductor wafer 12 on the
wafer table 16) is unloaded and a second semiconductor wafer 12 is loaded from the
wafer stack 20 onto the wafer table 16 by the robotic wafer handler 18. In a step 828,
each of the steps 402 to 422 is repeated for the second semiconductor wafer 12.

20  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
25  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.

30  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



64 quantitative data values for each pixel of the working image is then referenced or checked against
corresponding data values of each pixel of the selected reference image. Comparison of quantitative data
values between pixels of the working image and pixels 5 of the reference image enables identification or
detection of defects. Preferably, predetermined threshold values are set by the user. Difference between
the quantitatpsendpaiealasualiRiRIgsofdneRkingimagamid RiXQIEH HereieranGeaiiadmis matched
against the predetermined threshold values with one of multiplicative, additive and a constant value. If the
difference bdBNERYFHRIGlisHiiAve data values of pixels 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 valug can be varied as required. Preferably, the predetermined threshold value
is varied for A@iEIHIE P R bIsE408n 15 addition, the predetermined threshold value is

preferalyy varidipsd aduie doRpendiagren dwp gt esfaditosbpreriasiednmatoral ©f semigaaductor wafer
12 presented for inspection, or illumination conditions, Furthermore, the predetermined threshold value

may be alter®8 He B SHR L R <E S RO YL REBR 5L Lo midem 8t dRs iEs 6P Squirements.

20 An exemplairytsysien BiOsAmRERNIXRERIANY Methedid0QiiskfRspasting semigansifetenwaiers are
described above. A person skilled in the art provided with the description above will understand that the

modificationS¥0 e RYLHGR: 18 Antihe TeiS a0 PRAYANY dBRS Hitkb JE Y& HShT R ¥cope of the

present inveptightfleRl exAPkhEeRkIance RivZastaps atiheampbhed iR darddhe.seguencaef steps of
processes 500, 60%, .7%0 750, 800 and 900, may be modli?fﬁed without de&.art'ng from the scope of the
bresent v lRIRY PRSI RE BB SHE 10 THER G 60 BT Ihe BIESEH A€o enable

accurate angneasioefigctivelinspectionoispricondustasrwalgrs uidie Bhiliyeioisable to view the

N A/ AV EC WA EHOLK

defect at different illumination combination using the brightfield and the darkfield

illuminator.

15 In a step 844, the user either accepts or rejects or reclassifies the defect corresponding to
the first defect image capture position. The steps 840 to 844 are then sequentially

repeated for each and every defect image capture positions as calculated in the step 420.

After the steps 840 to 844 are sequentially repeated for each and every defect image
20  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
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
30 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



30 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 65 semiconductor wafers. This
is because time is not wasted for decelerating and s 3pping of individual semiconductor wafers at an
inspection position for image capture thereof, and for subsequent acceleration and transport of the

semiconducteicnater fram dhpdnspeeioguosition Riridtha iMagesehfehran f&qRiRd, 88 With several

existing semiconductor 5 wafer inspection systems. Known image offsets between multiple image
captures faclAtBHYCESRIRPERTHE ALitc N RGHETRe bt BY HRREET QbfeErCcHIAUAAY B Piesent
therein. The pffsgtrelative teathexparticular set of images for the same semiconductor wafer enables the
software to accurately determine the co-ordinates of the defect in the semiconductor wafer and,
subsequently, the position of the semiconductor wafer in the 10 entire frame. The offset is preferably

determiged by weRdiag faeraaeadsy ¥aiuasinkotbuthe e ardwithdifplageroant paiorgansyisndsed to
calculate the co-grdinates of a defect qr defects. In addition, the use of two images at every inspect

locations coliSLLIg8VARR%G AR RG LMrePadE it AR e drniisaadomedsiiteiRgdh die HodPate

semiconducigovéaieeinspection] kb H yilhalserheisineersinod dianpesepioskiled inpldedkthat the
time-synchronization of image captures can be altered as reféjfi)re,d. More sr%ecifically the

time-synchrSAPAHSh RAEH e R a St TH STAARIAG 1HY Yoiftr dE e oy (mmanfeionsenst o
compensatefdisage effseidetwesndla eaptwetdseagesThoasysteipld Goanddnethod:-4&aaf the 20

present invention facilitates accurate synchronization between supply of illumination and exposure of
correspOndinty TAREEY S Halites Tor ey ﬁ?ﬁg%tnf%@gaﬁmmﬂ%t&@gm&n%‘ﬁﬁgagcnon
quality. lllummediogsodsed wthstaersysiene $00baehbsldndaetubudsthlrenscitemaflight dasrs25 capture of
enhanced quali% ima%%s. Ié‘ntensi ies of jllumination and their comgbna,tions sug&lét[egrfor capture of images
by the systefRYHEH HE e 4Li dORCOn MY HRAF S2RMELiFG WASaHAM g RIA §'}i@kxding, 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 30 e‘é’x’i P@n?@ﬁ?%f%%%g?r‘f &@ﬁ%@e?’%gﬁtg thh‘?eage'i]?ﬁﬁ T?c?&h(/v%&ﬁ E%Mn%}@ifé’of 3D profile
imaged whiledheisehidoRdncios 80REE IR Rrouipnbac $Ebysie meliad thederesentin\estivbeias an
optical setup (i.e. optical inspection head 14), whi qes not require frequent spatial reconfigurations to
§ i by paliialt

cater to char%et SnPLEITRL S aﬁ%P(Ser\RfaPepgf?ﬁBtﬁFé HaFiRts tid U0 flibe lenses
with the systemcé@@nablésfense péreatnfigisraiianabthdesignodfithe sysiesi 2:hmatrehd gpecifically of

the optical ins%action eag %f. %}[gbeihus g{)éub? Ieng.es enhanges ease aof i%gduction ofggﬂtig I
components SHS A RAIEHFRE REY Sna/ (51, I LR i RA TN B ARPERAYH] detit & 51l the tube
lenses. in the art that each of the three review modes 8000a, 800b and 800c may be modified or

20  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
25  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
30 images is compared with a corresponding golden reference or reference image for

identifying or detecting defects on the semiconductor wafer 12. The exemplary reference



The system 10 of the present invention comprises vibration isolators 24 (collectively 10 known as a
stabilizer mechanism) for buffering unwanted vibratigns to the system 10. The vibration isolators 24 helps
to enhance quality of images captured by the first image capture device 32, the second image capture
device 34, the 3D profile camera and the review image capture device 62, and thus the accuracy of defect

detection. Injagditiersdiien prodisklacenestidhiendZ el hesystaiehfl @hahlenharauraterdispiacement and
15alignment of the semiconductor wafer relative the inspection position. As described in the background,

existing refef8rliEiRsagfs o Stislsdratienms s prbcedersre dmressmintdl fasumdsssod doge

semiconducioirywaferaide sy lieaintralativednacsid agiesanehinGopristen o6 @hdaslysd rateremce images.
Accordingly, quality of 20 semiconductor wafer inspection is adversely affected. The system 10 and

method 400 '§ftha rEEBRFIRIERtion achieves enhanced quality of inspection by creating reference
images gvithout 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 REMrsdetsrRaterathud 8% 2L bRehbiddg aem:inRdP inihagion ¥3rRtidhs across

the semicongiigter Wafeired hRmetiued 49GtiTer stoit fagiftatessrsducliopioréadseyah tionanigeghdetection of
defects and ultimately an enhanced quality of semiconductor wafer inspection. The present invention

enables autdhiHi@ GeRR Yk EHGH S Y TSNS ot THE S EoMpsred TRRIRRER fHfages with

captured images of unknown quality semiconductor wafers. The present invention also enables
automated defect detection, preferably by 67 performing digital analysis on digitalized images (i.e.
workin Qmages and reference images). The present invention enables automated review mode (or on

offline revievAnwith@hiplary comparison process is already described with the 2D image processing
process 600. However, for increased clarity, a summary of matching between working

images and reference images is provided below. Firstly, subpixel alignment of the

selected working image is performed using known references including, but not limited

15 to, templates, trace, bumps, pads and other unique patterns. Secondly, the reference
intensity of the semiconductor wafer 12 at the image capture position at which the

working image was captured is calculated. An appropriate reference image for matching

with the working image is then selected. The appropriate reference image is preferably

selected from the multiple reference images created by the reference image creation

20  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
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 the working image is then calculated.
30 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



5 affecting production and improves machine utilization, whereas the existing equipment offers only
manual review mode, which require the operator to %(rjidde 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 semiconductor wafers and components provided by embodiments of the present

invention are gasaHRed dIhe sxeMplasycayseNoRmE M addRSSeRaal ieRAlRRE 6f theclasues or

problems faced by existing semiconductor inspection systems and methods as mentioned in the
background 2Rt IFOWERGEEE Ak LB 1Y srp RISH skitfsosfietieddritiehmEEsent invention is not
limited to specific forms, arrangements or structures of the 15 embodiments described above. It will be
apparent to a person skilled in the art in view of this disclosure that numerqus changes and/or

modification§ CARBE MR MAMYAL e JARING HENPTHESSBAY S Aha IR HRAIATERE GHIRIXBE Claims 1.A

method for ipspatingferwaterithgdnethtconnatigingion HeErfRiBMNcha drRIANERIOFRSRIAIGreating
reference images, the training process comprisintg: SCapturin(ﬁ,afﬂ%uralit of imasg[g(;:-\;/ of a first wafer, the
first wafer b&Fg SPERRFk s Ydamr et stthy herahe- Jf ﬁ%%ecéeﬁ‘i‘@?ﬂ SEEEHY Captured at

a predetermingg wQuéast pluernation, washmf thadelurlibiaf innages efdha di shiwadas eampdaing a
plurality of pixels; determini%%a plurality of reference intensities for each of the 10fFIuraIity of pixels of

each of the ity BE iRTS0Es 8RS dReeshatdrvalues Auiiating & iRy cisiei a8l sarathéters for the

plurality of refsiangse vateasitiasoledeh it plusalityeof pixalawicash oftlbespbirlity ofdmages of the
first wafer; and =~ . _ . .
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
predetermined threshold value is varied for adjusting stringency of the method 400. In
15  addition, the predetermined threshold value is preferably varied as required depending on
type of defect to be detected, material of semiconductor wafer 12 presented for
inspection, or illumination conditions. Furthermore, the predetermined threshold value
may be altered depending on a customer’s or more generally the semiconductor
industry’s, requirements.
20
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
25  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
30 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



selecting a plurality of reference images from the plurality of 15images of the first wafer based on the
calculated plurality of statistical parameters, captyring an image of a second wafer, the second wafer
being of an unknown quality; selecting-a first reference image from the plurality of reference
20images; and comparing the captured image of the second wafer with the first reference image to

thereby deteggping Addeastwirerof PResRNRR AR tieiohdeleaaniiaiseqend yairl &gpifeomethod as in
claim 1, the plurality of statistical parameters for the plurality of reference intensities of each of the

plurality of pHedi¥igrabsaisARdUSIaratiaf st thapdesBeeHemPsisRfedmpRsirpture heredk@8re of an

average, a rghgsibdcgiaii ad deviade adaomthsoaver ages anfoaxtmetor angea MR THehebdhgoplurality of
reference intensities. 69 3.The method as in claim 2, wherein the average is.a geometric mean of the

plurality of réf&He8e dHEE Ot dBB8SaBAYET PREND RIS bf PixEiloPesEd SriRENSI MY BkiRes of the
first wafer. S¢.Jfbe meibashas ipsedais Kibeplunaity affpradetrinnirad manipast ikupinatipises

facilitate processing of the captured images to thereby detect defects that may be present
therein. The offset relative to the particular set of images for the same semiconductor
wafer enables the software to accurately determine the co-ordinates of the defect in the
semiconductor wafer and, subsequently, the position of the semiconductor wafer in the

10  entire frame. The offset is preferably determined by reading the encoder values in both
the X- and Y- displacement motors and is used to calculate the co-ordinates of a defect or
defects. In addition, the use of two images at every inspect locations combines
advantages of two different imaging techniques for facilitating more accurate
semiconductor wafer inspection.

15
It will also be understood by a person skilled in the art that the time-synchronization of
image captures can be altered as required. More specifically, the time-synchronization
may be adjusted for enhancing the ability of the programmable controller to compensate
for image offset between the captured images. The system 10 and method 400 of the

20  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
25  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
30  measurement of height of 3D elements on the semiconductor wafer, and analysis of 3D

profile images while the semiconductor wafer is moving.



comprising: at least one of a brightfield broadband illumination and a darkfield broadband illumination.
105.The method as in claim 1, the training process fgrther comprising: aligning each of the plurality of
captured images of the first wafer. 6. The method as 91 claim 5, the training process further comprising:
registering sub pixels of each of the plurality of captured images of the 15first wafer, the registering being

performed witherefgiencrtefahlepriseneiRiefgtarminad iprtsiesemphe walstcdl ihfs-oaethagaas in claim 1,
the training process further comprising: storing each of the plurality of reference images and their

correspondind20BirRIitPet AakisaRiTpataaen- SRl thdSsRRERY 1 RtelR Al {@nshWeST Bhch of the

plurality of pixelsciirnieabr8vdibe sinethad s dnehitiliwheareindinenlwalitedrsiaisticakparameters of the
plurality of reference intensities for each of the plurality of pixels of each of the 25plurality of reference

images selefi6dS¥PEMithth SRIBIS: 6™ Alatsrenberiogaanicdaien sfetheeiif®y Hngrore

5  specifically of the optical inspection head 14. The use of tube lenses enhances ease of
introduction of optical components and accessories into the system, more specifically

between objective lenses and the tube lenses.

The system 10 of the present invention comprises vibration isolators 24 (collectively
10 known as a stabilizer mechanism) for buffering unwanted vibrations to the system 10.
The vibration isolators 24 helps to enhance quality of images captured by the first image
capture device 32, the second image capture device 34, the 3D profile camera and the
review image capture device 62, and thus the accuracy of defect detection. In addition,
the XY-displacement table 22 of the system 10 enables accurate displacement and

15  alignment of the semiconductor wafer relative the inspection position.

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
20  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
25  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
30  compares reference images with captured images of unknown quality semiconductor

wafers. The present invention also enables automated defect detection, preferably by



9. The method as in claim 1, comparing the captured image of the second wafer with the first reference
image comprising: 30extracting features the captured image and extracting features from the first
reference image; 70 matching features of the ca%tured image and features of the first reference
image to identify defects on the second wafer, comparing features of the captured image and features of

the first refefRRESIMAYRACHNPLISIRGIs on digitalizeBOTRRYHENG featERKRROPRRtesOhthersrpérred image
and computing 5feature properties of the first reference image; and matching the computed feature
properties of%i‘ﬁptured image and computed feature properties of the first reference image,

wherein the computed feature properties comprises at least one of average intensity, standard deviation
of intensity, range of intensity, minimum intensity 10and maximum intensitﬁ., 10. The method as in claim 9,

further comph&ngresent iInYiRfifREIMSIES ARG BB ede Rt Wa s YEROEnce image
prior to matcitiRgtihe prmRied ipatuigRrReriahpkthecanired ivras deovwiikthe compHiest feature

properties of the first reference image. 11. The method as in claim 10, wherein the captured image of the

second wafet 5ie AR FRTHALFENISYiege: A RiCA JaiEte R QREEHRNIAP st ertiietelestthyst

illumination. using and looking at multiple different illumination intensities.

In the foregoing manner, an exemplary system and an exemplary method for inspecting
10 semiconductor wafers and components provided by embodiments of the present invention
are described. The exemplary system and method addresses at least one of the issues or
problems faced by existing semiconductor inspection systems and methods as mentioned
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
15 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.

20



20 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 illumination; and 255electingg e 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 waferfaging of an unknown quality. 13. The training method as in claim 12, further comprising: 71
registering subpixels of each of the plurality of images of the first wafer, the registration being performed

using predetbrminedt PAFEIthEr ANSRTSHRE MM ifBE WP AU PRISB%ining method as in claim 13,

further comprising: deterpining a Rty pfseiereneeinignsitiesialceasinela Meraditying pixels of
each the plurality of images of the first wafer; and calculating a plurality of statistical parameters
associated with theM@féreiC&itéHities for each of the plurality of pixels of each of the plurality of images

of the first wafer. The training methadassin slailidoryhRRINhE flstralieotig atistiGalfparameters
comprises at least one of an average, a rana%s, a standard deviation, a maximum and a minimum value of

the plurality of reference ifefRitBENSFERaH Yh&asR i) oPRaly sttt tidhsdiGiiy8fsmages of

the first wafer. The trainingdngtheg@sen ataiin gledvwhergisdheoavasadeisa gesmedith mgamef the
plurality of reference intensijties of each of the plurality of pixels of each of the plurality of images of the

first wafer. The training mEHEH ORI BIAsT D5 REHELH A CRPRRSIB: SRS YRR sters for the
plurality of reference intensities afgaehigihthe plumlityobpixglsaictheniefsigacadmagehsefegied are within

at least one of a predetermined.limit and a predetermined range.
10 P piurality 0% pixels c?tr eac% ofnghe p uralqu of images of the first wafer;

calculating a 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
15 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
20 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.

25 2. 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.

30



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 pluragsﬁy of images of the wafer captured using a
predetermined contrast illumination, each of the plurality of images comprising a 30plurality of pixels; 72
selecting the reference image from the plurality of images of the first wafer, capturing an image of a

second wafey, the spgongbwiateabaina i anunknewn avalifyerselastingsofiistiefaienceimage from the
plurality of reference images; and comparing the captured image of the second watfer with the first

reference image to RHEANEY Rleteferinecatnieastisn bR dribe Rt birizssrbram Yellsnd wafer. 10
19. The method as pruedaiy k8 nfhetResr eRETRIBINgEer.  determining a plurality 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
5 4. The method as in claim 1, the plurality of predetermined contrast illuminations
comprising:

at least one of a brightfield broadband illumination and a darkfield

broadband illumination.

10 5. The method as in claim 1, the training process further comprising:

aligning each of the plurality of captured images of the first wafer.

6. The method as in claim 5, the training process further comprising:
registering sub pixels of each of the plurality of captured images of the
15 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
20 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
25 plurality of reference images selected are within at least one of a predetermined

limit and a predetermined range.

9. The method as in claim 1, comparing the captured image of the second wafer with
the first reference image comprising:
30 extracting features the captured image and extracting features from the

first reference image;



15reference intensities for each of the plurality of pixels of ach of the plurality of images. 20. The method
as in claim 19, wherein the plurality of weighted indices comprises at least one of a geometric mean, a
range, a standard deviation, a value determined 20 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 ghih@pliialityef thages.pithe finstovalel rdw A Sysdmdalt ingereiag a wafer,
the system comprising: 25means for performing a trainir}lagf?frocess for obtaining reference images, the
[

training process coMiRSiHyidentify delfrty andhifr SFEPT iNAEe SUPRYiIRE frafuretid e carierdeing of an

unknown quality, eaeRgf 1he feluaéfoetinagesathr distwatemnainmeaptured at one of a plurality of
predetermined contrast 30illuminations, each of the plurality of images of the first wafer comprising a

plurality of pixels, 73 determfiRGUBRIFSHE S PFORSERE QT HheraRBY Sk 1aRgs SRtheCBIRRYRS of pixels of
each of $he plurality of imaggsf gheérst el firstGafetdatingaglusatity of weighted indices for the
plurality of reference intensities of each of the plurality of pixels of each of the 5plurality of images of the
first wafer: and matching the computéd feature properties of the captured image
and computed feature properties of the first reference image,
wherein the computed feature properties comprises at least one of average
intensity, standard deviation of intensity, range of intensity, minimum intensity

10 and maximum intensity.

10. The method as in claim 9, further comprising:
aligning the captured image of the second wafer with the first reference
image prior to matching the computed feature properties of the captured image

15 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.

20
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 illumination; and
25 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:



selecting a plurality of reference images from the plurality of images of the first wafer based on the

calculated plurality of weighted indices, mgins for capturing an image of a second wafer, the
second wafer being 10o0f 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 imaggt@einesabyHeierslivgcatdeast MugntPsesanses ytdHy pesehdefect 15on the
second wafer. 22.A program storage device readable by a machine, tangibly embodying a program of

instructions execut4MdIStHEIATRH PG I0eMEAH RSt rEpurTe tATSEADEIRZISaENY Bvafer, the
method steps comgrigiRgatBe steps of: 20performing 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

predetegmined. contrastZdiiHpninationss eachph the plktRityoRhpiages 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 imaie< B fralwaibr ot arteiat il AR Bradigh e aalteOfor the plurality

pixels of each the plurality of images of the first wafer; and
calculating a plurality of statistical parameters associated with the
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 parameters
comprises 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;



30reference intensities 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_/f om the plurality of captured images based on the
calculated plurality of weighted indices, capturing an’itnage of a second wafer, the second wafer being of
an unknown quality; 5selecting a first reference image from the plurality of reference images; and

comparing the captured inqagerRfthResegengveafpiavitithe fikst ppipigRceimage.to shergbydetermine at
least one of presence and type of defect on the second wafer. 10 75 SYSTEM AND METHOD FOR

INSPECTING A WAEER Abstract A method for inspecting a wafer. The method comprises a training
process for creating capturing an image of a second wafer, the second wafer being of an

unknown quality;
5 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.
10
19. The method as in claim 18, further comprising:
determining a plurality 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
15 reference intensities for each of the plurality of pixels of ach of the plurality of

images.

20. The method as in claim 19, wherein the plurality of weighted indices comprises at

least one of a geometric mean, a range, a standard deviation, a value determined

20 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.

21. A system for inspecting a wafer, the system comprising:
25 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
30 illuminations, each of the plurality of images of the first wafer comprising

a plurality of pixels,



5 reference images. The training process comprises capturing a number of images of a first wafer of
unknown quality, each of the number of images of the first wafer being captured at a predetermined
contrast illumination and each of the number of imades of the first wafer comprising a plurality of pixels.
The training process also comprises determining a plurality of reference intensities for each of the plurality

of pixels of each of the number 1§-efimages Lfphedirst walritesaleblating G RW atityeh statigical
parameters for the plurality of reference intensities of each of the plurality of ILﬁ)ixels of each of the number

of images of the first wafeP! Wit b BiHYsLpRIDIRS ierturaifee inages RoMarBH ARt of images of
the first wafer based on the calcuatedapihsalityRirstalisvcal prrapaetaekheometbogliesinsrecting the

wafer further comprises capturing an imag,e of a second wafer, 15 the second wafer bein%of an unknown

quality, selecting a first refSEHEESniAKEE fHesiranty Bt Rt eImBEES AhdeaenpaiRg the
captured image of the secpreawgfer witiyébe fist raference, image to thereby determine at least one of

Presence and type of detect on K e 2 iy of Jefrance 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

10 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

15 on the second wafer.

22. 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:

20 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
25 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
30 reference intensities of each of the plurality of pixels of each of the

plurality of images of the first wafer; and



10

74

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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SYSTEM AND METHOD FOR INSPECTING A WAFER

Abstract

A method for inspecting a wafer. The method comprises a training process for creating
reference images. The training process comprises capturing a number of images of a first
wafer of unknown quality, each of the number of images of the first wafer being captured
at a predetermined contrast illumination and each of the number of images of the first
wafer comprising a plurality of pixels. The training process also comprises determining a
plurality of reference intensities for each of the plurality of pixels of each of the number
of images of the first wafer, calculating a plurality of statistical parameters for the
plurality of reference intensities of each of the plurality of pixels of each of the number 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.

Figure 18



