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

to ensure ZeYTHENEANHIEHROD ForeNEIEtEFINCAAdERr 10

components, for example semiconductor wafers and dies, is increasingly

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

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

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

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

COIBRRI I Y CYBAIRYT SERUEARGUSIE YRS Ash diScrs JOBrassty SrstikdRehe

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

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

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

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

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

extract defective semiconductor wafers during the manufacture thereof.

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

brightfield illumination, darkfield illumination and spatial filtering techniques.
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With brightfield imaging, small particles on the semiconductor wafer scatter
light away from a collecting aperture of an image capture device, thereby
resulting in a reduction of returned enérgy to the image capture device.
When the particle is small in comparison 5 with the optical point spread
function of a lens or digitalizing pixel, brightfield energy from the immediate
areas surrounding the particle r%z\]erally contribute a large amount of energy

WithhriehiSehb R, TSLBY KR S paRGRndHRTIN e Hetsetemlight away
fradditionedhgovaianalraduation iaRneraxsue tetbsysiaallinartigle Sidecifon of

often masked by _reflectivity variations from the immediate areas around the.

re[ARGE ERRERLHY FRSIARFISADETCAsNEd Wi iBRdRE I sals sttt comparison
wilgteetioptdd HYRICHINA IR RIRYE JTNE NGRS cHAMIGRN PG bINSRERI@ Rnergy

systems have been equipped with high-end cameras with larger resolutions,

fropmidy dnpedirimatges Bronatmedhraedisle sensiaiy sentittafieadtspaamaunt of
enklwevRE ightiie|shimagas generalyinaveep helter gl aorirasitandihigdision,

advantagequs for estimating size of defects and when inspecting dark

they rerts M TS ANSERNI I InTRRIES R d SedisavRAth pagiste. HandraifielPRIHRY

reflethi@igftvRrakdeidiinagio grhas heenasaplayeddnviib pexasel @xishydesulting in
. semiconductor wafer inspectjon systems. Darkfield imagin%typicall

y
NEFEPEHUS (Eﬁl}]ﬁ%‘cﬁﬁg?é & fé?‘feffﬁh ¢leiiope TiRcRISHIBRCtH eoB]j’é’(\,’Ft(Ij’]Bf‘élomena,
seiifpdiado Ahspledt anglsiémannidzariabplapsofht RiYReh0Athbass with larger

inspected (for example 3 to 30 degrees), darkfield imaging typically produces
resp B AR L BB TR WTHLIFS SUAGSR Sibr b & sppigonductor wafer
HpaetiedlatesgtiriprIfagiiRs anchepilor iiregulariveseeXisixd pajitesdar 4se afis is

darkfield imaging is to light u e]rtects which sizes are s allir tgean the
R R R e R

angle to the horizontal plane (for example 30 to 85 degrees), darkfield

[ ing iS typically produces better contrast images compared to brightfiel
D IR GBI B B G R RN Ag el ek eld
ineEnip Rl sustacarplegudaniiels aavaranisokfingshanicandpacentvaljecindpection

additioga hi%{t}? gflTT darkfield. i i%g en anceiima L?g (t)f ti te?kob' cts. 30
SYEIGRE reBEAIHS OFIAE oML CHP e D RIS & SIHIbar Lirdap e
inoid st alityh ©bbjrage dbtaised tadthheadbwhhphidie hoanddalrlsfiald afwgiobject to
beBlgg%eryteccqo(f%rrl%g%%rlg 3 to 30 degrees), darkfield imaging typically produces a dark
image except at locations where defects, such as surface particulates, imperfections and
other irregularities exist. A particular use of darkfield imaging is to light up defects which
sizes are smaller than the resolving power of lens used to produce a brightfield image. At
a higher angle to the horizontal plane (for example 30 to 85 degrees), darkfield imaging
typically produces better contrast images compared to brightfield images. A particular
use of such high angle darkfield imaging enhances contrast of surface irregularities on a

mirror finish or transparent object. In addition, high angle darkfield imaging enhances

imaging of tilted objects.

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

of image obtained with each of brightfield and darkfield imaging. Both micro and macro
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3 structures present on the semiconductor wafer affect the light reflectivity of

the semiconductor wafer. Generally, amount of light reflected by the

semiconductor wafer is a function of the direction or angle of incident light,

the viewing direction and the light reflectivity of the surface of the
suBRRIISONFrEtaR Watfeth he Nighidaflastivig fsrin: b SEeREnAeRt R tivity of the

wavelength of the incident light and material compasition of the

sequpRdHdeIb irafdenardyetapany afttiehi kflesied dntrbermicomduging veater is

a ReRRRNsUgioYaiacy Resenteds facinsnactian khsdw ReCaHsRid€and the light
semiconductor wafer may consist of several Ia%efrs of 10 material. Each layer

refpeHatbtiaf sy SYHRS PRt ot RETRIGRRBIERG tHE ST 1 JRE digBt el Ctbr kdnipigem
depbAliféareohspefdredpuadgition layatemaydraverdifarastiliohtoppusieaiiliiesthe
or_even reflectivity. Accordingly, it will be apparent to a person skilled in the
segpcanduFar St light or illumination of a single wavelength or a narrow
band of wavelengths typically adversely affects quality of captured images.
Need for frequent 15 modification of the single wavelength or narrow band of

It SeRraeradihd FaGHITER craumet thetghkre ey inalssemigaudnstin s aresented
fowhigheeaongeNeY My dosestverieinitondliaviaka fichagrobismiSe flssviENN QiR of
rnto us; a broadband illumination (i.e. illumination of a wide range of

e RS ARSI b PR ARSI A HREEBh W1 v leleds ot Helefbigirly.
fobebnaap130anmiangcho00pad20 Broadhasd illlwinatignys apertamfd@nt light

achieving high quality jmages as well as for, handling wafers with a wide . )
Pe%?@%l lgﬁr%ceé’?éﬂéﬂﬁf}ﬂ?@é‘/:|ﬁ%‘d’&ﬂ18%1,ydétfévdp RRBIFEADAMATROD Skilled in
thwaferinsprctionsSyigtans wilngienesallythe enflancedt i giseodfamakiple band of

illumination angles, for example use of hoth hrightfield and darkfiel
RO S A BB ES oSt s THAAE ALl for frequent
milliminadiong abdniiiipte wagike ghdomith @ fulbhioadbandoayveengifuires use of

urrently available wafer inspection systems or, equipments typically use one

g RO S 0T BRIy SN L < BTN Toadty crient. To
aliospection pElonMLuitiperipaganCanitte BaddemwithuMidtifte liunitatianstion
of(lél/llxcv:%)e range of wavelengths), for example broadband illumination of a range of

wavelengths between 300nm and 1000nm.

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

with a full broadband wavelength.

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

(1) Multiple Image Capture Devices with Multiple Illuminations (MICD)
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4 The MICD uses a plurality of image capture devices and a plurality of
illuminations. The MCID is based on the principle of segmenting the
wavelength spectrum into narrow bands, and allocating each segmented
wavelength spectrum to individual illuminations. During design of systems

TIRMBIeYNE: e MiRiRethathRRachiinaas caRiiia dQHREIIS D PAIRNED®. The
corresponding illumination (i.e. illumination source), together with

MEdRekpbitsih g BtieaPHBeRis e sman e atap AR Hites Br SRty jto narrow
batdaled denstasRlite - exaaley wvaNelemaipeeithe Ryightfiedhis [imitadations.

between 400 to 600nm using‘mercu(%arc lamp and spatial filter and the

Dyingridtdi g ohifed BRiEBR 584009 0 PulIRg 9ds sShTiRR R GBS S YIce is

padderances disasyRaass ifentxamnleinferinththimagesquallty, aoddesioWith
inflexibility. Inferior image quality is due to va_ryin% surface reflectjvities of

CORETRAAEH VARl cBABTRRIEN it the ik B idtis WiibFriatygoated beam

spiravelengtheamiasiondnéiexiiity fogrutsibpgaiga dharmnedifieatiem ofdbao 600nm
wavelength of a_single illumination typicallr%g%(/aquires reconfiguratjon of the

UM PtoA P LR (B AR SRataE itdernd s Seuktiqld dadifdte s ife 650 to
70m1ﬁih?§iﬂgrﬁh‘aﬁuy d@gaxlmmlalL@wmpax@él&@éélmgahmmﬁlgewimw@ryiﬂ% inf]?rior
wavelengths single Image capture device without comprisin uality o
lmééﬁtar@&gw&ﬁe%ﬂ%ﬁﬁé%ﬁﬂ&af Ie%wéfﬁ&?i&él%um mﬁm@ |?fé1mms¥ﬁyﬁ£a°e
refRlG R} idhefSkshrorathogfeisesenBin@le iMmagtheaptltd devicaaoeamutingrrow
multiple 20 illuminagions, either with segmented wayelengths or broadban
wiysirgg LBl iy HSP%Q&B%‘%%&%?\ iR ﬂmﬁn‘ﬁ% ength of a
sigkpansamsioultgprauslysybitesthecoigurisith nooting . digthestwardsnipeot the

SICD method only allows one illumination response when the wafer s in
B B T T RE R R HE B Bl capture

ofréldluiies toagevaaptugmyhileviliengatebis stafignanmageichmifactdevice without
throu%?%ut qf 25 the wafer inspection system. Semiconductor wafer
COmESH ALt Ph S BHETSRGSSinultaneous, independent, on-the- fly image

capture ysing broad_band bri_ghtﬂeld and darkfield or in general multiple

BRSSP TR ISR A s i gt preseny

ThispEaBntakidivandsepetatisiggevani@gesapture 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
is in motion. In other words, the SICD method only allows one illumination response
when the wafer is in motion. To achieve multiple illumination responses, the SICD
method requires image captures while the wafer is stationary, which affects throughput of

the wafer inspection system.

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

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

either MICD or 5 SICD as explained earlier. Equipments employing MICD do

not use broadband and suffer from infrior image quality and inflexible

system setup. On the other hand equipments using SICD experiences
SI@miBﬁ@%ﬂl%@%ﬂ@U%ﬂiﬁrﬁ%é”&ﬁBﬂ@'ﬁ@fW@Birﬂ@Qrfé'f"H@@'ﬂYoadband and

simultaneous multiple illumination responses. 5 An exemplary existing
susteitioyUBIBH WatBla8ptidat g pRRdioR Ly stlm tHSleltiAPddh Hhgrither hand
eqiiipmigation med slankfielg dhemipatamsiiselp sectémUR BaiapiNm P Bedpdbl of

th;,LAl). An embodiment of the optical inspection system disclosed in KLA1
obiiRiag oD R ERBIAREY S iPIE HSRIARIAP ARSI s to capture

separate brightfield and 10 darkfield images of semiconductor wafers.

Captured brightfield and darkfield images are then processed separately or

ARGHAREIHOT THLEENT BABRI OR TN K& AR RIBF ARy PR dBtigH I tres Doth

brizififial dnEReGHeMBYSIaof fidid ll ganHaes briwield and dakistdNmages 055
simultaneously using separate sources of brightfield and darkfield

(Kifighhn &t e ICA M SV SRITRAABERTS Hothgusieprdree (sl Celheduatitires
MoE Bumiagiiamsoyaiengtn despaatipre cagiéaw Ravspillwnisgtiate WiEeRId and
and spatial filters for.enabling capture of theéq&rig_htfield nd c(lﬂ?rkfield images.
daﬁ‘f@ﬁiﬁjr{‘ﬁ‘ﬂ&-%Bﬁéﬁ?&f&i’éﬁ*ﬁt%‘éﬁo‘cﬁﬁec@&ﬂ% S GRKGtRE Seok Lt {rages are
théelapslieldsnaghagaugingrnageane brnddasenanid tpatial iltesei®nath®sr wafer. In

camera is configured to receive rtra??t; of the wavelength sé%%%trum éjsin

GG OMTATABERST OTSY YR A dptitter RS LM By d arkifeld images
silisadvaniaoasind theanticaba} dosprestightiyriemdigaiosead butliAdisiclaoeA 1

nsuitahility thereof for imaging different semiconductor wafers comprising a
el SPERISHIE) Sl RS RS R S SRR P AR O Pl et

spspeathy Akridve nai ellasmatet g ity e piat spithal régpacteciibhiadiphandf the
there is no flexihility of. combining of more than.one available illumination to .
b e S PRSI TS O LI b TR 5 Eb B2l Sy 1
coafigisréons sideianddidicrXhbippeoiseiieciivovcharrclesistiosdadpesidhifilter. The
i'allumination angle, for xamé)le. usin%; brﬁlﬂ tfield aone It reckuires com inanfrw 1d
Ot SABIT RN SR R R e HR AN S Mt e a A g Qehthe
illA&ederdorglyndhe beam splitter with special coating. Disadvantages of the optical

inspection system disclosed by KLA1 include unsuitability thereof for imaging different
semiconductor wafers comprising a large variation of surface reflectivities due to
segmentation of the wavelength spectrum. The cameras are tightly coupled with
respective illumination and there is no flexibility of combining of more than one
available illumination to enhance certain wafer types. One such type is having carbon
coated layer on its front side and they exhibit poor reflection characteristics at certain
illumination angle, for example using brightfield alone. It requires combination of
brightfield and high angle darkfield illumination to view certain defects. Accordingly, the
optical inspection system of KLA1 requires a plurality of light or illumination sources
and filters for performing multiple inspection passes (multiple scan which in turn affects
the throughput of the system) to thereby capture multiple brightfield and darkfield

images.
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optical inspection system of KLA1 requires a plurality of light or illumination

sources and filters for performing multéple inspection passes (multiple scan

which in turn affects 30 the throughput of the system) to thereby capture

multiple brightfield and darkfield images. 6 Additional exemplary exiting

optical inspection systems utilizing both brightfield and darkfield imaging are

disclosed in US Patent No. 6,826,298 (AUGTECHI) and US Patent No.
Agdiionalsexeapts e ety 2 oRHGR ANTRSIIAG oY HEs ptidif g Rethdiig)Listdsand

daPk@foUmbERE 20 dAMGEEGHY Stizena RbIrality @b tesersforTiperanglad US
darkfield imaging, and a fiber optic ring light for high-angle darkfield imaging.
P%Wr&d&ﬂién?%ﬂ%5§§ﬁééﬁﬁggé%%&a@§§)§€@%ﬁ BR2INE PESR PRHERADED PSR Sy stems

of USERFATBINHIE SAMMAIAGEREM 2 aitdlibelongsuialRCor methothexplringd cakliRficld
. Accordingly, inspection of semiconductor wafers in AUGTECH

: TECHland
imagjrereedia hsErBHASH BilkEH by bRtghararlsratifg 8By ainadikadition, the
opiitapingpetivéa 3yeenbiTaloGaiHIah hrghtfiettirEgingsend siakfielshigtagivi@or

wherein each of the brightfield imaging and darkfield imaﬁgégni is performed

andhelpngs i eghsistlanad s cas QrLeh) RO PR el e aHe nductor
wASThEGHZTEOHY sapasaEimMoliapeagusmeddhreHy pomblilgivi@iaidsiig or by
%,and independent hrightfield and darkfield imaging. Accordin

moti ly, . .
dapkiiioldnsng ObY B FosrBAM AL e th STt Famgra aed éaﬁlﬁ%%ﬁﬂaagmg
wihiesgiactian tbetaefbrasuling imipiereadn@aufagiuinggiiyaupuptdrad when the

jncreased utilization of resources. In addition s(ejveréifxisting %%_%%%I CHD is not

Ot AR M RSB PSSR N TIFRg R0y Gt et el
cap@m@acsisen?mgbmwy aﬁqu'tm@imag@ﬁilw seindeond ﬂﬂtﬁﬁdﬂafﬁ‘@adehdependent
Derivatjon eference image typically requires capturing seyeral images
e e i A e g R
walkplgingqaistdtisicainplenlniasjeahsigterto theseidyngerive e deiencacturing
image. A disadvantage with the above derivation is that inaccuracies or
thfﬂgg%ﬂg%t%‘ﬁilBgrﬁ?sr?EHH\ﬁF%%?&? W€ good" semiconductor wafers.

Optical inspection systems using such reference images typically 25 suffer

from.false rejects of semiconductar wafers due to inaccurate or inconsistent
In, SEHLIRGe. RASIEL SR TRHSTh IR RSB GIER JUblogy Sspen image or a

refeBnieo hdugtofovaterparison with newly acquired images of semiconductor wafers.
Derivation of the reference image typically requires capturing several images of known
or manually selected “good” semiconductor wafers and then applying a statistical
formula or technique to thereby derive the reference image. A disadvantage with the
above derivation is that inaccuracies or inconsistencies in manual selection of the “good”
semiconductor wafers. Optical inspection systems using such reference images typically
suffer from false rejects of semiconductor wafers due to inaccurate or inconsistent
reference images. With increasingly complex circuit geometry of semiconductor wafers,
reliance on manual selection of “good” semiconductor wafers for deriving reference
images is increasingly incompatible with increasingly high quality standards set by the

semiconductor inspection industry.
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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 7 Deriving a
golden reference image involves many statistical techniques and

D&MGHIRMI QR MRSt Rh e Salistical iR hiayasare va e asighat and hav@lations.

their own merits. State of the art of the currentIP/ available equipments uses

Mgithieh hoetael 67 el fIge tierifith SRaRU 4RS! daviatisi o eaBerie 3ate of the
arfoldencreferense REladiBisqugihRdWers WRHVItR &dgrown aead Rixeler with

otherwise any defect or noise pixel would interfere and affects final aver?lﬂe b
Wl

styidtd A ViR Jersal st A K BiKR rAsTstss Ristho dhis e rbadiserkh %

krldRdh ERDGSIEJRISHREERER die defoeise RbiS PUldS e IIaaRPie ¢0aREMINAYE final
the effect of noise substantially. All of the available equipments try to reduce

VBRSSPSR S BIY MY L RECISRALSH stmtRea st 4t WG cRoemaah it has

refiREipM RPRGBECEIIEE S0 i P RYxdP IRt N AYEpHEsHY &PEGIRIMRELERS JFeRddY noise
sequence to eliminate the error. Such special sequence certainly helps to

SUBRIRHALE pixEie (DRiRHANARIRCHHEPTRE Aval Y SEHSA RSSO daplysge different

kiRd3 24, 228 tAIGIdhGigdsdigelose maaifainbigamethath forhere abina iz gAldedt have
reference or reference image for use in_ semiconductor wafer inspection. The

SRS HISEISSE THEAE AR EEH &G BS KRG o ot e3u heiadr seduence

cerlaafBChéipeao vialamtSeleaioniat s webuwalifs i sShiranuialbfoensasiverionmed.
Statistical formulas or techniques are then applied for deriving the reference
image. As such, accurate and consistent selection of "good quality” wafers is

Usresiad forsaceU@EEaMB pansinient Otalitih g rsefiaod desariinspeotitm. reference
Further, AUGTECH3 uses mean and stand%rﬁd, deviation %calc%@ﬁ . di
OTiRVitRIE PRAsS oY 26518 FSfQ’r‘é%@S‘?ﬁ%déa d'5REEERRe Bramy Gt difrlosed in
APGFBUl kadiadsaaisricGoter enctitpixal - Dhecdefestive pixs| Setistsodusd tach

fareign mattey. or other defects, lgé:h.wou&?con[use the statistical lied
WUSISUR BRI IS TPRTESMRSE: RIS TO5RaY 36 Wi B LA &5: Yoy applie
fopeksdvirgkilledieréha@stithagdha snaibtiodaot ibiG TinCtbhis@penrdction of “good
L{;E}zcgura ies, incons{sftencies and errors in inspec}ion (%Ithe.se iconductor .
q %rsvyfggrs is crucial for accurate and consistent quality of semiconductor inspection.
Further, AUGTECHS3 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
confuse the statistical calculation and leads to incorrect reference pixel. It will be
apparent to a person skilled in the art that the method of AUGTECH3 is open to

inaccuracies, inconsistencies and errors in inspection of the semiconductor wafers.

In addition, optical inspection system disclosed in AUGTECH3 uses a flash or strobe
lamp for illuminating the semiconductor wafers. It will be appreciated by a person skilled
in the art that inconsistencies between different flashes or strobes may occur due to
numerous factors including, but not limited to, temperature differentials, electronic
inconsistencies and differential flash or strobe intensities. Such differentials and

inconsistencies are inherent even with “good” semiconductor wafers. Presence of such
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In addition, optical inspection system disclosed in AUGTECH3 uses a flash or

strobe lamp for illuminating the semic%nductor wafers. It will be appreciated

by a person skilled in the art that incofisistencies between different flashes or

strobes may occur due to numerous factors including, but not limited to,
difRmperaiue gifferantialae elastronir 30 lnsonsistancamand giflesetighfashi not

or strobe intensities. Such differentials and inconsistencies are inherent even
takGircags 0 Suehflddranted duadrsiipidumpelBraddition. difatertian Wisarity and
unidfRalithe aualiivetonldanreierengr keaee Hdhasystan dadBahdakemerEng,

of such differentials due to flash lamp. In addition, illumination intensity an

. d
SRy A SPARIEE 198 SRfrradcss tReUSEiicaRdUssBI Frater iy ! different
pdAGEHS dnchidineradutmphdmitedig planactyuk the WaighomOMNHROAL Hgkisity

reflectivity at different 5 positions of the surface. Without taking into account

angh EhG SHRREHS AR AL SrREHSHR M e Sty ERFerisaid dn dhs above-

ddambe@naigferanss ipeagesBaeraied inatearakovaredeassb eermangRimelvith
be unreliable and inaccurate when used for comparing with captured images

CapRHRferBAL Pt HE BR tRE LR BhUYTP ARG 90N A Titions in product
specifications, for example semiconductor wafer size, complexity, surface
reflectivity and criteria fqr quality inspection, are.common in the | )

VR RS RS SRR BB G 5 BRI SR e M HEp &0 fomplexity,

susiiste ros @il itpethodsirerdde Halrapagiecabinspeditgnssicnvadaiéaiisdiductor

. product specifications. However, existing semiconductor wafer inspection

InQYame EHOECHRE Ho%%‘ﬁ%‘l_i’i‘ﬁ&?’éﬂﬂi‘?ﬁ’&éfb?ﬁfél%‘? PESLHS o??ﬁ}q?ﬂébé’éﬁﬂdo be

capulble vafidtionsith @redeict speaibestiongregpeciaiyciivetidhe MeRaRIJexisting
guality standards set by the semiconductoy industry. For exam W atypic% ¢

sei A L BRI ISPOSHIT LDERor Sy STBTBSS S VBTSN ATIRIRY ©
satisRerotily Gasppeisizgstompanendas for exaduplesparitarasong Odibutiflafogsven the

. filters, polarizers, mirrors and lens, which have fixed spatial positions.

ROt O SEHIGUA O COr REE e RN Bcembly generally

requires rearrangement and redesign of the entire optical assembly.
Accordinégly, such .semicanductor wafeqri{' S ectior% systems have inflexible

n
F e SHHERF cohridistio S e reHIFa Y PSISTiv ) Bnd TR Hife FEfem uses a
comagificasiondpeseliof. A adblifiorsodiptasiog bebngwments, 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
rearrangement and redesign of the entire optical assembly. Accordingly, such
semiconductor wafer inspection systems have inflexible designs or configurations, and
require a relatively long lead-time for modification thereof. In addition, distance between
objective lens of the convention optical assembly and semiconductor wafer presented for
inspection is typically too short to allow ease of introduction of fiber optics illumination

with differing angles for darkfield illumination.

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

existing semiconductor wafer inspection systems cannot employ simultaneous brightfield
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25 objective lens of the convention optical assembly and semiconductor
wafer presented for inspection is typically too short to allow ease of
introduction of fiber optics illumination 98\l/\/ith differing angles for darkfield
illumination. There are numerous other existing semiconductor wafer

aniNRECHO SySians RAAMELREGon3RHHOWRY §Fa R ¢ s enatieH TR AtISKIPhaving
technical expertise and operational know-how, existing semiconductor wafer

deigperifbr i camhodlstipley Shatntihabios brigrthidR gemicpadyifgdvater

inipaeing {oseminsRecionsubileihaywies riounetiomcmitle milihiavi@urate and
design and configurationally flexible. There. is also a need for semiconductor |

fag) afBYPRISHBCHS N SRIEARLUEHRT nEtiSEs faHEnAbRNBCFEAb)r&EYEfidiént increasing
colgXibleyaseWatarAM claslitRsRACHAN Q) RRINGORAHEIOAN@ RIS . inkligalng quality
especially given the increasing 5 complexity of electrical circuitry of
St@’éﬁﬁ%ﬂgﬂ%ﬁé?%@r@ﬁm ' Hbreasing quality standards of the
semiconductor industry. Summary There is currently a lack of semiconductor
wafer inspection systems and methods capable 10 of employing both
SYRGIRREID and darkfield imaging simultaneously and independently for
Theeef oy gingrnngpeatiR® MWaile dbedsemicon@uciopvaler IgsiemratiNmethtds capable
roviding confi ur_a%i;on | or de%i1 n flexibility, In addition, there is need forg
Of SHRRLBE ARV 1‘;5@8&0 fe RS ERBBTRRIY iktdBcRsmdently
foYRAGIeHY TikeeiSn CRIEY gheaRjetirilens: filkdes RNGh mMibiS, Kave Pexideng
and ad'ust%ble patial 'nterconfigura ions. 15 Given thg increasing complexity
copf StuBtHI Gty bt SEILBN dO AT Wate RS BREY i B SSIRK RiAIRLPT Water
inspan@adsyseihy Wiersemeanpoieiarsintiusicy, aoeusaaynpid nonsistensy @fmera,
semicopductgr wafer inspection is increasingly gritical. Derivation of gglden .
OHREHENGE 558 iRt BTy Yo EOI Nl At G0 aratons.
Giemigendueininyaternpleniredferanuus oirnal saleetivcoalfiligRedvafers, and the
: semi.conduvgtor wafgrs Suc@@.l%?{%) manual selection can result in ina(?curacies
AT SH LR TR s i s PN R R NS T R BLR G consistency
ofcesatcprhictospaction aispeoticanduditireaiessy Aatocdinderihetienisa ngsiden
or imgroved raining. methogs or processes fqr derivin r.eferencefimages

relVHBR-S K tIERE CABRTEl Ph LG BY B S¥MIEEh JARIBI W PAIS Cal bE™

wafempaigdnil@equire manual selection of “good” semiconductor wafers. Such a

ctlo
conductor

manual selection can result in inaccuracies and inconsistencies in the derived reference
images, and therefore consequent inspection of semiconductor wafers. Accordingly, there
is a need for improved training methods or processes for deriving reference images to
which subsequent captured images of semiconductor wafers can be compared. The

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

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

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

THESHSGlPR SYSIRMisnde FNBALR! Resformipa A1RIN@NsianRi(? es at least

3-Dimensional (3D) wafer inspection. The 30 inspection system is further
WS RS FORBE RIS -d dRscriBvibdien anspRetion wilgremahdetiintigo different

colaciitatachMAidR enticahinadulemvbicly compiisagial easlabvainag tions. The
capture devices. The 2D wafer inspection_utilizes at least two different

2R SratfetstiRArkHoRtS RE T RSP ritig theayrlS o dBrmediihaiit SAtraigted with one
pakiminatipngafdienglociaiers ingRRGHIAN 1S ReYTPUpechMRbathe Wislal éiRprises at
motion, and is completed with one 5 pass. The 3D wafer in_sPec_tion is

le3stifielMBpS SEPUBGCAPHsUdRY wihidrasbRpFistit ifsadl BRERifgel hin line

ilcantarpaevipplrRad3t teashaneitbinllingilideninataeh TRIRIIRG: (HLRIBAERBadband
...supplied by the thin line illuminator, which is either laser or broadband

Ao QWS oe S BB, i& difdctittarthdenifBisqndisibatétiihighie the

seSRBILONALELOL falafeisnidioation fapaapty iy idlddesagehokthtconductor wafer.
semiconductor wafer. 10 Defect review performed by the insa%%ion system is

Deigsitaaar b SiaERsd: B s pRRie Gt 1 RsL LAt RY S it oL e optical

maedpiect of the embodiments of the present invention, there is disclosed an
inspection system comprising an illumination setup for supplying a first 15
broadband illumination and a second broadband illumination, a first image

InCajsmaeduie ferfreceiiog afl@astame dhihadict dacopeisamdifismivatiohere is
di%?g the second broadband illumination reflected from a wafer and a_second

CHpHIFBUTRE SI o CERIRNY eI BHEIBTHRE fFLPbriSAcRY e @ first
brildpanatiananatie seeond eatbanchdbundnalieniefiected fram inejyatepture
oA ST o b scsond S0 g coplts deyele
brihubanativhuanchtion seflocdd faadband fitmidadicadendapidpe adpsirinagéce for
oS0 2SS0 Image o1 e Ml TS3RECHRY T RIELIS 2PN broactand
illumination reflected from the wafer. The first image capture device and the second
image capture device are configured for sequentially receiving at least one of the first
broadband illumination and the second broadband illumination to capture a first image
and a second image of the wafer respectively. The wafer is spatially displaced by a

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

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

plurality of image capture devices is configured for sequential receipt of one of the
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distance between capture of the first image and the second image. 25 In
accordance with a second aspect of the embodiments of the present
invention, there is disclosed a systemlilor inspecting semiconductor
components comprising an illumination setup for supplying a broadband first

bréQERt fllmination Anthabreadband Serdar@RE@MdIlyminatiaRARMhAons for

plurality of image capture devices, each of the plurality of image capture

capiyicel gdPabroOMrRICERARY LA staPRAioREsAiaFsERRTHYERQOT the wafer.
THbWRRaQT ardile diaadbandosesrngconiiast dluminationrellasied B occur

wafer. The plurality of image capture devices is configured for sequential
whiledhs: Wrtshes dR tH8UCR: broadband first contrast illumination and the

broadband second contrast illuminations for capture of a first contrast image

and a second contrast image respectively of the wafer. The capture of the

InpecQrdancistiiagdhiftiatRe daphihe SPPRALBERIPESRRRESTRA Y BRideR- there is
divenile dhen walpedadh Byetion coripaseerdamee wilidadhitdrasRes Ofdhecceiving at
embodiments of the present invention, there is disclosed an inspection

leggfspin b rieidhandir Srmaureshitlrendraiion MdecdrnadPandessoph antzast
illbreadhanchiitst-capt@st ilmaipatigee ddaviteaghand Seaandicostsasine of the

d image capture device for receiving at least one of .

illuminati d (
brh@%%%%f@&ﬂ%?@fwﬁt%mmﬂqm LA KT ahieEasH Hipmination.

R&@iEast therbiaatipihd Resetonahbial himadhrndaic teo Biasibibdnisasian @mdrast
...the broadhand s co{nd coptrast iIIuminationr%;/ each of the first image
PR BN BRI S IS h ARy SR Ve iR e R TEE 0L TFREB g pture

defitist coabRsicupage ang frsesathaaningst indogectosaastivelyt Phapwaiedectively
The first i e.capture device and the second image capture device are 15

O QYR <O Pt PG S e G et S, COR LG

spangliheosfigard dontsasbiinageqbilgatheaptaierds ihemtioBohifratdaiganaad the
with a fourth asgect ?Bf th emp%odim.ents af the present invention, there is

SeqRud QB Ash EBR &Y #é@%t‘é{ LPBHE SN illumination setup for supplying

a first 20 broadband illumination, a first image capture module for receiving

[ the firat broao\lIAttjfn(} i%inaﬁon %e{ ectec{)frg_m a twaf ! for cagtltjr.in a .firstth :

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

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

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

to the following drawings, in which:
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image capture device for receiving the first broadband illumination reflected
from a wafer for capturing a second image of the wafer. The first image
capture device and the second imagel%apture device are configured for
sequentially capturing the first image and the 25 second image. The wafer is
spatially displaced between capture of the first image and the second image.

The spatial displacement is subsequently calculated based on encoder .
FIghighopsraiatisihelanciest e mistsmalgs anatane Sedpins g afifippecording

to RESKERIA-PEHIS BFAVINGSt RO frxempiayngiodiments of the present

invention are described hereinafter with reference to the following drawings,
in which: 12 FIG.1 shows a patrtial plan view of an exemplary system for

FIOSPEGHRG Wakenialaseordngyienar exesyplaty sipiediment of the present
invention; 5 FIG. 2 shows a partial isometric view of the system of FIG. 1;

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

FIof. thesteysieim ekpikded paradipgniemMiewich” sighlightrdlindspectinl AdatiCothe

shows an exploded partial isometric view of a robotic wafer table of the
SY§iheth YOI CLosbas MIngets view M sisightein’eIG. 2; FIG. 5 shows
an exploded partial isometric view of a robotic wafer loader/unloader of the

system of FIG. 1 accarding to view "C" highlighted in FIG. 2; 15 FIG. 6 shows
FIgy XY FRRISARbRIEH R BIS N SR e & LB RIRFT of

FIEIQ. deasaaigingviewien Rstighlightedig.PIG. 2; FIG. 7 shows a partial
isometric view of the optical inspection head of the system of 20 FIG.1; FIG.
8 shows a partial front view of the optical inspection head of the system of

FIBG. showiGn 254100 patical ikdynpatbs ehilbminaini befveradbigotiiRitof the
illuminator, a low 25 an Ie_darlgf'g(le%ggm'na ar, E ?lz\? angle darkfield
Syﬁfﬁ?ﬁiﬁﬁgﬁ; ﬁ&ctoﬁﬁf’éléet%cﬁt%reéd 1§hﬁ:‘§o\1§ image capture device
of the system of FIG. 1; FIG. 10 is a flowchart of an exemplary first ray path
FIf(QJ.ll8stl$(9w2ya1t1heengcl)%gglgelgtial isometric view of a wafer stack module of the system of
FIG. 1 according to view “D” highlighted in FIG. 2;

FIG. 7 shows a partial isometric view of the optical inspection head of the system of

FIG.1;

FIG. 8 shows a partial front view of the optical inspection head of the system of FIG.1;
FIG. 9 shows optical ray paths of illumination between a brightfield illuminator, a low
angle darkfield illuminator, a high angle darkfield illuminator, a first image capture

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

FIG. 10 is a flowchart of an exemplary first ray path followed by the brightfield
illumination supplied by the brightfield illuminator of FIG. 9;
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illumination supplied by the brightfield illuminator of FIG. 9; 30 13 FIG. 11 s
a flowchart of an exemplary second rﬁy path followed by the darkfield high
angle illumination supplied by the hig éngle darkfield illuminator of FIG. 9;
FIG. 12 is a flowchart of an exemplary third ray path followed by the darkfield

Figwianglg folldnainaliom suRplisdhystoenewaanglis derniield BmmnatekRtld high

FIG. 9; FIG. 13 shows ray path of illumination between a thin line illuminator
angleilustingHep sUBRKEGBYHBGiRieB rRgls drakdeidd LymiaioseEIdC1910 FIG.

14 shows optical ray path of illumination between a review brightfield

illuminator, a review darkfield illuminator and a review image capture device

FiGH the 1gystian dreeref 2 cxramplanidhindomenate 5 dnwesenidhargatiialdigy angle
ilpasdataweshiydpightfels, dmivatienhennesmins view brightfield

illuminator and the review image capture 15 device of FIG. 14; FIG. 16 is a
flowchart of an exemplary fifth ray path followed by darkfield illumination

FIORtIEeRuthe eV isuh e kiigls ihisinasarancating deMieW imagecapidre gpvigtige
of FIG. 14; 20 FIG. 17 js a method flow diagram of an exemplary method for

capfUrRdEHG AN R s By e ieSEntinvention; FIG. 18 is a process
flowchart of an exemplary reference image creation process for creating
reference images used for comparing. with images captured cgjrin . )

FICE arnanserosab e i ol BRigREon Pepecma iV Ie BrBEg Eﬁﬁg'\‘/\}l&i‘%ij&mr’ a

rePleandaxefie Rl i aeimeisiaRe b w aleScapRIRg d prReasBiN Y dtanerefcet! ;
in the method step of the method of FIG. 17; 30 FIG. 20 shows a table of
illumination configurations selectable by an illumination configurator of the

FIsystemief kl@oWcAdrt F6E.aal shomsamtirniogichast fpsttapilingof @ fitstightfield
.., Jjmage by the first image captyre device and capturing of a second.image b
T e R T e ot e e
delyctherfingt image capture device of FIG. 1;

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

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

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

provided by the present invention;

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

of the method of FIG. 17;

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

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

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

configurator of the system of FIG. 1;
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FIG. 22b shows the second image captured by the second image capture
device of FIG. 1; FIG. 22c shows a combined first image of FIG. 22a and
second image of FIG. 22b for 10 demlozhstrating image offset due to the
capture of the first image and the second image when the wafer is moving;
FIG. 23 is a process flow diagram of an exemplary two-dimensional image
processing process performed in a method step of the method of FIG. 17; 15
FIGG Ioshehs grotnig o ufag et oingrtdte Keth papgeiie dhaifiishdippag capture
dewrte REaiingh P6Gass RRrfarmee ¢ iR bR star ehphemrthed of FIG.
17; FIG. 25 shows an exemplary optical ray path of illumination between a
thin line 20 illuminator a 3D image capture device or camera of the system of
FIEIG24 shéws 28cisiRtArpsessapavwedi sgran b e sacendxenaplacy HIess. 1;
dimensional wafer scanning process performed in a method step of the
method of FIG. 17; and 25 FIG. 27 is a process flow diagram of an exemplary
FIGVI2W §HOGE SeeRRHaiNREh ik 2 peiadysiepset she mathaschpihufd Gevide of FIG. 1;
Detailed Description The inspection of semiconductor components, for
example semiconductor wafers and 30 dies, is an increasingly critical step in

FItheParhbaci W e afbakyicatianahse s qaH uctern iD Bpene Mifadd GERRN®M2b for
complexity of circuity emiconductor wafers, coupled with 15 increasi

of g
degRAIRY A% AR OISO MRITRESTREIEST ABS U5 a8 Sritte d8mErriut opee
whaptey ea kemiaanrdsetor wafer inspection systems and methods. There is

currently a lack of semiconductor wafer inspection systems and methods
capable 5 of employing both brightfield and darkfield imaging simultaneously

FIfor perioemingeR- flde-fdpape aiomah:eanmpiaon duotdinsigsnaivitilecpromdinging
configurational or design flexibility. In additjo re js need for a
PSR BUEE) Wt LBy S HBRO R Leponents thereof, for
example illuminators, camera, objective lens, filters and mirrors, have flexible
djustable spatial jnterconfigurations. Giyen the increasing complexity 1Q
1D LI5S0 5o CEEL RO SR B TS HERSALING AUy chiting
prétasdpeed st din a method step of the method 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;

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

step of the method of FIG. 17.

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

components. Increasing complexity of circuitry of semiconductor wafers, coupled with
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the semiconductor industry, accuracy and consistency of semiconductor
wafer inspection is increasingly critical, Derivation of golden references or
reference images for comparison Witi‘}gaptured images of semiconductor
wafers currently require manual selection of "good" semiconductor wafers.
inéﬁ&hr% r@@dm?l SRIRsHONBARKRRWA I A RATEH IS SaNE Eﬁfiﬁf&%ﬁgi%&@ for
_ the derived reference images, and therefore consequent inspection of
imgeiEd AefideRdpster v R BIRFRIPnReYE TS 41bBathadSmproved training
methods or processes for deriving reference images to which subsequent
captured images of semiconductor wafers can be compared. 20
TherRdd AHERLY rlats BFSSBHEMIERIE BV IBEPEXEPHEHF & dadiaciheds capable
ofTBRIRY s OB IS PAEL T REANE QREAUGEN Gaaensis fahasidiostingatfdaaste on-
one of the above-identified issues. For purposes of brevity and clarity, the

) VA .
therd e ABRSA Y SRBGANARTIRY o thESorabtlat PoRYiihsoRTigiRRgl or design

flrebainaftarinisystemeranthnARads ahifsReIBOvEH GaPdUGHRI s Yafer s Hérein
will however be understood by a person skilled in the art that this does not.

CORRRITAL dhetprdsE SRRl HER R ARt RS WA ATRS f HERL Kt Apirrors,
haRETRIBR PigRIRRBEHEIAE VRHITi ehbeshe et lttaiRasit complexity
invention such as operational, functional or performance characteristics are
of elgehsal BEra%y svms@a@ﬁq\gf%ﬁﬁ@@ﬁﬁwgﬁm&@alw Hodselsest by
théueniten dirfobendasehiardnsResting ethelskd csenicalldusdat @ Matienipection
. including, l]g,Jt not limited to semiconductor dies, LED chips %nd solar wafers.
r

t
is ARSIy LB PSSR, ir’fﬁ’%ﬁi&ﬂ‘?ﬂ%‘iﬁ WhtRLCT9SS SRS infor
comfarib@navith FigpRitsdpiaviges eceentitithiaadirstabadimaintyotégeire manual
resent inventio. The system 10 can also be used for jnspecting other .
el ucEOP o iERU G T o ac Vol Btk Hhesdstmlt in

ind& caripsisesdanmpticrténsiesction theadcki ¢ds sitorncy miezes), andaf@erefore
tra?nﬂs}r)ortation table or wafer chﬁck 16 (as.shown in EIG. 4), a robatic wafe

CORSFAER Y T ERS LW i T B UE IR rAFALEE Kk NSQTHE Sl (oL o lin §n Ried for
infprovello fiinfrigmeahsdetternpldessans Xyr disfiliagmenirtalle 2Aagead &f which

L()east one set of(guad vibgation isolators 24 (as shown in FIG.dl and FIG. 2).
subsequent captured 1mages of semiconductor wafers can be compared.

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

1Ssues.

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

methods provided by the present invention can be used for inspecting other
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The optical inspection head 14 as shown in FIG. 7 and FIG. 8 comprises a
number of illuminators and image capture devices. Preferably, the optical
inspection head 14 15 comprises a brightfield illuminator 26, a low angle
darkfield illuminator 28 and a high angle darkfield illuminator 30. It will be

seHEIdiRRs byApRarseniakilachy) Hie Ast thaltcddtienat satkbRid diminatoesips

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

andsqLrsif8 By a person skilled in the art that the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 may be integrated
as a single 20 darkfield illuminator, which may be flexiblérpositioned as

ARG YR BrRghtHer ANSRAFAASSSB ca8dueiMmEE s Iorhifiersn in FIG. 1 and

FIGUMio ation &useeoadiae hoghifieldiyoamatian e mMittere SR RHOSHBILE MR system
brightfield illumination or light. The brightfield illuminatar 26 is for example, a

10h£2R 18kt BF 256 hgHERS NG g WhsE e E R B I S rightfidiponents as
redlUreiNatRyrgamy pplies, beoad bagehbrighifiel d plminaipe st 60 MPIdSIAg as shown in

wavelengths of substantially between and including 300nm and_1000nm. It

FlilHot P bEARRRTEISSHBY @ PePetfrkitisl P hs SRR thE brightefgbotic
walfenigalien 1 gy Beosfiterative, wavelangts aidoetoR| &y operiem BIGTa¢ or

brightfield illuminator 26 preferably comprises a first optical fijber (not shown)
ﬁ]fﬂr%‘ﬂa}? m&ﬂ%@iﬂ%%%ﬁmmm F&H]ﬁ‘gv’é‘l@%@%r%"rﬁ‘ce?ﬁdeéfﬁiﬁ% o quad

vibgiba isvigivifield {Hyrtoateim2BIE reter@piG 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

Thduspinatianspetitied fkam theabrigbtficith Figninaied 26G5 & ben@risanaléumber of
... darkfield illuminator 28 and the high angle darkfield illuminator 30 are also
RTINS a’é\?kﬁ‘é‘l%ﬁﬁluﬁ'?ﬁ’ﬁ‘éfﬁoﬁ%ﬁ%e ,r%%géhﬁité r SRPpedsBFkHSMY head 14

coitipmseatiobr Rarldield lillmminaiors, arecsaraipily @ligied ilmination 18 lighta high
source ich enable minimization of the quantjty of directly transmitted (or

ar g SRR MRS R b NS S Eaph e B B tha

addieioataliarkfiageitapiinedode viegshioincapioring! darkfibidsisrges Veseivgsired. It

wﬂmye”%r%g? tlll%rgie%tlcl)%gt lg?fag %%?sggesﬁ](iﬂé%ﬁ%r% ebgrtal that the low angle darkfield

illuminator 28 and the high angle darkfield illuminator 30 may be integrated as a single

darkfield illuminator, which may be flexibly positioned as required.

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

may be of alternative wavelengths and optical properties.

The brightfield illuminator 26 preferably comprises a first optical fiber (not shown)
through which the brightfield illumination travels before being emitted from the
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sample or object. Darkfield images generally have enhanced image contrast
as compared to brightfield images. Brightfield illumination and darkfield
illumination are examples of contrast }I%uminations. 15 The low angle
darkfield illuminator 28 and the high angle darkfield illuminator 30 are for

briATUNE fiRshiiamP2er phite-diaht eraitiing dpdes. Resferghiyasthe davkiglde for

illumination supplied by each of the low angle darkfield illuminator 28 and the
SwitimetignetiearRfidiay shombiabifistli d yminpleanfiaPes AP Bbticalhs s eRiical
fikg theinrighifigiebdipination. BaMerasnaeHicalodhendasdigddlunination ficld
_supplied by each of the low angle darkfield illuminator 28 and the high angle
iyaRAL98 Huminator 30 is preferably a broadband darkfield illumination

comprising a wavelength of substantially between and including 300nm to

1000nm. Alternatively, the low angle darkfield illuminator 28 and the_high

Then e dafictartiiirinhem g gy e ibreiish Angie frbe biflapinator 30 are

alyyaveleRathgsord 2k miher optisabnoapeydiaschheaaw anole darkfigiglidymiaataeld
.28 is at a lower angle, as compared to the high angle_darkfield illuminator 30,

le .
illpninaB Ao il BrTRD YR a6 GattBH Werkigncs piuaeanorner gy sources
whade:déb(omithantigdizantal plageaatitienaiectBbiddilra @rampleattbRdPWght

30 angle darkfield illuminator 28 is preferably positioned at an angle of

le )
et %?SE%BHW‘B%‘F&&BF{H%H@‘%%&ﬁ‘é‘frﬁi&héfﬂ%ﬁéapgmre devices for

capairiigoaatkgioriiaiaied 2Zepbacedoan, theimaiers dkBotaile: ikt IMaaddiioftathged by a
erably positioned at an angle of

high angle darkfield_illuminator 30 is pre
Saﬂa{%géﬁleﬁﬁﬁry Qﬁd‘@@ﬂt@-‘ﬁ@é%@&%& iyl i SRR GG a5 compared
toSeipitapiustapwaiern 2 becadandheowaler dalacl iMneiaboe staéesimples of
angles are. preferably alterable as required by adjusting the position of each
Cogffg?é W‘él’r{%dlg}g'darkfield illuminator 28 and the high angle darkfield
illuminator 30. Each of the low angle darkfield illuminator 28 and the high

angle darkfield illuminator. 30 ferably comprises a secqnd and third gptical
g S A R e e e R T
examjiled iSelefipsoBomiélaheeoidandities. Pleaatibnl, fiherasdisldgiaimination
su\f)v&\lleeag gg}d(gag%r gy ‘Itﬂlen%\gvl rgr%i(e)ndgrtktﬁ%}/(? El?&r&ggag&rléféee@ld the high angle darkfield

illuminator 30 is of substantially similar optical properties as the brightfield illumination.

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

other optical properties

The low angle darkfield illuminator 28 is at a lower angle, as compared to the high angle
darkfield illuminator 30, to a horizontal plane of the semiconductor wafer 12 placed on
the wafer table 16 (or to a horizontal plane of the wafer table 16). For example, the low
angle darkfield illuminator 28 is preferably positioned at an angle of between three and

thirty degrees_to the horizontal plane of the semiconductor wafer 12 placed on the wafer
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illumination through each of the low angle darkfield illuminator 28 and the
high angle darkfield illuminator 30. In ]z:%ddition, the second optical fiber
facilitates directing of the darkfield illuriiination emitted from the low angle
darkfield illuminator 28 and the third optical fiber facilitates directing of the

tablRrkéeld dnmnRtian sigitied ortithehighanale A 300R g WHMIRaIRM3d at an
lllumination supplied by each of the brightfield illuminator 26, the low angle

angle | md| AROYRTatEHBE e thd Shghihig d@askhiel® iIRinliAEFONED danse of the
sefRbbiRl RGN feanibe gilber eantinuugiy supRliad oTReIGBEvL Mated angles are

wavelength spectrums of bath the brightfield illumination and darkfield

PrifgratutRiEabls Rrefsaiy binaAtd s sy vstigpedlotrahPldhsclow angle
dadieteediamafifdesemisrNUuah WalkrgakReSroadbansidiwnination preferably

enables identification of a wide range of semiconductor wafer defect types
with varying surface reflectivities. In addition, the similar broadband

EvR\ElgRatis afdednikaddanifialhilyninatianandihe daddieigeduminatians30
enable the inspection of the wafer 12 to be performed independent of 25

PrriSaBEN < YMRER ASREOBY thsHHL oRdsator taretel Shoni) nikenghnupink the

dadleteedioneliteiecisanthe s isangd uatatsdafridiZoml I psaferablydat bad third
undesirably influenced due to different sensitivities or reflecti\gness or

onSisEriZREBh Hithassemicaiiatitor Vamr e g, dyisrtiah: Mubavekigh the darkfield
ilwaugigsgisodthRigferabliic indensitigs edtbeehiightfielchiuminativmanddhengle
darkfield illumination supplied by the brightfield illuminator 26 and.the .
daalaﬁﬁ}é@lﬂmmﬁﬁ%ﬁﬁg %,ﬁél&@%&%@%@ﬂ)&f@&ﬁ% 1 Sie%féﬁtﬁ"ﬁa fupeiingeof the
daigGeicedidepentingenthe ffemitenductaig lwatek id Chinvadienstios, 484 the third
example material of the semigonducto fer 12. In addition,. the infensities
PG B RS B T e i S LA R AR L g angle
daskefetted anchyaiesd aH igauiaofeuppinanbingagh alityhefirggasiaaptureshaf 26,
the 5 semicondyctor. wafer 12, and for enhancing,in tion .of the
g S BTN A0 UL VR G e e 0 Ly a9 e be
copvlisikend diisbinagercaptiieowktyiaepRed. or puissi camera) and a second
image capture device 34 (i.e. a second camera). Each of the first image

capture device 32 and the second image capture device 10 34 is capable of
Theoeivelgnptigdiéielduiivofibatiothsbpphett ki thenbitghiifialetidarkfieton luminations

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

different illumination wavelengths.

Preferably, intensities of the brightfield illumination and the darkfield illumination

supplied by the brightfield illuminator 26 and the darkfield illuminators 28, 30
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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 é%tering the first image capture device
32 is preferably focused onto a first image capture plane for capture of

reﬁ%&ﬁS@@”@iﬂﬂ%@@&%&e@ rightfieldl @nddaskiipld 1R JhrannatinnsmeeseivRedctor
or entering the second image capture device 34 is preferably focused on a

walgE dRiRTage asistir O DRIABIRY BabttiAd Of BsrieRpeiting omuaks. [Fnirddition,

thiMALESARIWE deNice 3 dnRdithRREaANdiiNaae ARPHAR MaVicRBAGARIN @an be
either monochromatic or color images. Preferablﬁ, the ability to capture

selrsisg sthdievarisdres SeARHRS c&6r Sesingo o¥s Brigeswepafuies! of the

seBifARRSAaRSt NS RECHREGY ABIRpeshafdefRGedatestiandr Wafer 12.
example, the ability to capture color images of the semiconductor wafer 12

preferably helps to reduce false detection of defects on the semiconductor

AWwgietvh2inaprseorrespandinglydalsadeiedignrthereempistia apticahage capture
inspection head 14 further comprises a first tube lens 36 for use with the first

denicsyacdpfurd E¥icemsTah Ytifictromnd dpes REBUEIdRVIfsad L4l firthafcond
caBRTH)IERSh SERONE tikadeRapIBrioddsecIithathiEthe GepshiMagg Capitir: device

device 34. Each of the first tube Jens 36 and the second tube lens 38 . .
3Ferarably Qﬁ5?86&W$Eﬁ?ﬁaﬂﬂﬁav&af&%ﬁwl§%%&ﬁ'&?@ﬁ@h@fgﬂﬂ@gﬂawr

2dhadube dengrsBolanchaBonavapitied Rbeler dnenfireviubgBQerE 36 idinchthaor
second tube lens 38 solely for purposes of clarjty, The optical inspectjon. |
2%éad &%s@g&n%ﬂgﬁﬁgy ﬁﬁmwafo%?ecﬁ%@ﬁg&%tﬁ %ﬁﬁﬁm Yeppations
re@hijectivg lelenirstid fiffienahjeclipaulenkescd G aie mellectve i cosetitetoantirst
. a rotatable mqunt 42 (as shown.in FIG. 3), which is rotatable for positjoning
R CHPIHE 1o b1 GBS TSRS HPESpebtSn HEMH Bt held
illshoxatioas sefvicondyctoraneiend thpasitanethiore ingnactideyvitbesohjeptvferably
lenses 40 may he coIIectivevlg referred to as an qbjective lens 5 assembly.

fORREH BF theSHUMBERBHERIVE RIRBEI S 18 R Ao RS R LRGeS

magnification and _they are parfocal. _Each of thg_nur_nber of objective lens 40
T R HES OB e A e SRS A s
monssheneftiebjeatblerleémagss4 Pleéas bBoriectadlity to capture, using single or three
chip color sensor, color images of the wafer 12 enhances at least one of accuracy and
speed of defect detection. For example, the ability to capture color images of the
semiconductor wafer 12 preferably helps to reduce false detection of defects on the

semiconductor wafer 12, and correspondingly false rejection thereof.

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

head 14 also comprises a number of objective lenses 40, for example four objective
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aberration in infinity. It will however be understood by a person skilled in the
art that each of the number of objecti\é@ lenses can be changed or
redesigned to achieve different magnification and performance thereof. 15
Each of the low angle darkfield illuminator 28 and the high angle darkfield

leHYenunAtPRSHbREfes abR GOMIPTisaD fREUS Y MERANSPHMEeehatiBPINint 42 (as
directing or focusing the darkfield illumination therefrom towards the

sheathitbRlfictdr B rsBiahisHon Resiteningsachid PrshiunberiRd qhigriive lens
400bveendhasiwv MR daddiaidillucinater 3&aoshtne throtiaentabpiRriehderor

_ wafer 12 and the angle between the high angle darkfield 20 illuminator 30

InSPRSUYAB- Mz BRIHPISEsr ) ire L Falle Goretbr ABIGERStdPnamat abigetive lens

as¢iitgiable for enhancing accuracy of defect detection. Preferably, each of the
low angle darkfield illuminator 28 and the high angle darkfield illuminator 30
has a fixed spatial position with reference to the inspection position.

Ehlesnativelnihe pefitianofassh4af itheslamanglgdarkiigideiumipateica®on and

and the high angle darkfield illuminator 30 is 25 variable with reference to the

theyspechBrasasidar i afinBenbrmbsoperhier se tfasfddimPree A ol digiiderent

pré@@vanhethihe dfghilaldidien inationapr heedatdield iminatiangya@nes, and
focused at the inspection position. The brightfield illumination and the
i ke B EANATORE BB AT ¥ IS pRUTSH oo ilftiiksitds tRErected

abseticanausianivafer ddl ivwbecputiandbrtesd. Ppsitipneash alkinednapeetion that
position. 21 As i%%n in FIG. 6, the system 10 comprises a wafer stack Zﬁgem

cagh i JHRRe eﬁ%Y&éGE“?‘F?eC% rfita%&eéﬁfplf%?swfﬁc@rﬁﬁh@gg di

mighidlchiidultiptepsefsisonducierevfafers. Each of the semiconductor multiple
wafers are sequentially loaded or transferred 5 onto the wafer table 16 (as
shown in FIG. 4) or wafer chuck by the robotic wafer handler 18 (as shown in

EdclofGheRoafaiahlydalsticidan@niraceis isappliathkoatycdaieritad gl di@idaor 30
securing the semicanductor wafer 12 thereonto. Th wﬁ?r table 16 ) h
PTBE bISPRBRISHsECUS B BRI RS T B BF stk CHSRES HodpgiFing the

daifiifislgh winidhaagutistdfoapphiedrts enablesi cordisble aattflavpesitished at the
e o Tt (LA A0 houn) s 05 B 18 e
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
adjustable for enhancing accuracy of defect detection. Preferably, each of the low angle
darkfield illuminator 28 and the high angle darkfield illuminator 30 has a fixed spatial
position with reference to the inspection position. Alternatively, the position of each of
the low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 is

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

10.

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

or the portion thereof, positioned at the inspection position.
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wafer 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
shown in FIG. 1 and FIG. 2), which efiables the displacement of the wafer
table 16 in an X- and a Y- direction. 15 Displacement of the wafer table 16
correspondingly displaces the semiconductor wafer 12 placed thereon.
Preferably, the displacement of the wafer table 16, and hence displacement

AdheaehhitBrdlctbr wkiem 2 b rrmpartsrdona s ciAttofdotof BBty gassette
hdkierPagitionimer afidbr serpicandyBiowRescl ZRidNe iRsRestirnRostiaohbtctor

XY- displacement table 22 is alternatively known as an air-gap linear

wHgktibAER. of HBoseis MdpriemEiiplaniatss drancgiinbllpistiondransterred
onecilitaiegdighRresisionidisplasenent) of therwalardabledé isbkie Xraditch¥dler

directions with minimal effect of vibration transmitted from the rest of the

18(Asrahowd 1B O wardreiBibbb AtcHAREYASHBBT apefichiqihgevater table 16

foPaitianiag ok thensraliaanduciariyaler HzerebaoTtRN Wrgeeahat the preferably
inspection position. Assembly of the XY-displacement table 22 and wafer

CORBETBAPIRGTRTRLNGH PERE PArAPBHAILIST QABREBHSS S 2418 XAGWHN 1S

apipliedGo Z2ht®RE 0K IS BRCKSIOf Y G ailidNSe LN iR RS eplatRRsS FFdhe (both not
assembly and otheéégodules or acces%%ries mounted thereon. It will

ShWEeRHRLADY AP AL Silfdtf NS SRl Lo Aalinirdcrriyiig 2? handle

whleviGess may hagompleckioaad usaddiithsinenede s iabigchBsaantiatisigrthe
displacement thereof, and for facilitating high precision fine positioning of the
wafer 30 semiconductor 12 at the inspection position. 22 The inspection of

Tibevagsmieenductar wapesdld fordetediggeentitiedaiegdheream if FIG. 1 and
e R oo et e ngken T e e v e
Didtasemigondutonuientle pseferakpoadiiyly aisflacseniesathictatucaserwater
3 siRaEr RS e Sumpseten R Alemale o
digsipterechight-tasslutindithagaswi idiel 03eacel chaesesibyoptegianoting:itelling
O BRTSRBL A1) IO AR cSeie o ot se Gha e T8
digﬁg@ﬂ_fldﬁtb@lb%@ﬁ& Rrefetabiylythadubedens 36-igapoBittangosiabree e XY -
digquaec%%/%t table 22 or air-gap linear positioner facilitates high precision displacement
of the wafer table 16 in the X- and Y- directions with minimal effect of vibration
transmitted from the rest of the system 10 to the wafer table 16 and ensures smooth and
accurate positioning of the semiconductor wafer 12, or a portion thereof, at the inspection
position. Assembly of the XY-displacement table 22 and wafer table 16 is mounted on
the dampeners or vibration isolators 24 (as shown in FIG. 2) to absorb shocks or
vibrations, and to ensure flatness of the assembly and other modules or accessories
mounted thereon. It will be appreciated by a person skilled in the art that alternative
mechanisms or devices may be coupled to or used with the wafer table 16 controlling the
displacement thereof, and for facilitating high precision fine positioning of the wafer

semiconductor 12 at the inspection position.
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lenses 40 and the first image capture device 32. lllumination passes through
the first tube lens 36 before entering the first image capture device 32.
Further preferably, the second tube | 38 is positioned between the
objective lenses 40 and the second image capture device 34. lllumination

TIRAfRGS thsaughiResseranditiers Ieng38 2nst dRILSISE PysaibNiri¥ed® Mereon is

prism 47 before entering the second image capture device 34. Each of the
Perfsimet Bhds;divennisivioThualer dorrs it aratierratii if TRfiaxy the capture of

inAgeoreinghandbie beassmadugh dhe ehiertivatens 4 rithimpiondicighlafer
is collimated. This is to say, illumination traveling between the objective lens

12/ prgfdabhenoseust the et temieriuderatd echbhd tubdngndiggaged across the
ingilimatesbsTihm callimationsf, Buminationbaivendhe Qbirstive ns O abpped

each of the first tube lens 36 and the second tube lens 38 enhances ease

undsty MsxiBIREIS B iintRBrES e e et talbithe tistice sbagses by
priigasaeandimageeam e cauceybresnedintlyl dhecimaemantation of the

tube lenses 36, 38 also eliminates the need to refocus illuminations 25
entering each of the first image capture device 32 and the second image

Aspptuisudsvisenddnwdiencdiffarpntiobjeetive demnses 40 it dHide X3P the
when dhf;erent magyification f ctorﬁgre reguir,ed). In addition, the collimation

segpitliMRTatiol intrddskeablsetBe HRDIRYoR AhdPoLrisHing Srsbditoriicctive

leRRlCA) eAiNPOTRBLSIRCEGREAYIES/I0t03thd]lsysiemokOy Restichitatiyho@bMasntube

the objective lens 40 ang each of the first tube lens 36 30 and the second
IR %ﬁé@s@r&ﬂmﬂﬁ FABIS RIS oF iLIAIRSiBEF il dhesfiond

tubdtiediicior podtesidiostngal addiipnahenieatompaneiisRoagassRIteDture
into 23 the system 10, partjcularly between the objectjye le 0 and each of

R Bl R Fen AR R A e e

orlgaomfigubitgrthenteshgliibe cysieimage bapaddiderictsg.arrangement helps to
achieve longer working distance between objective lens 40 and the
semiconductor wafer 12, compared to that of used in existing equipments. 5

Edcbingerthorkingbdistenetgcbaiwerndhie objaative lensedk dnubthativafeinisinfinity.

necessary to.use darkfield illuminations effectively. It will. therefore be .. )
AT o 5 PSP LU B PSS et BRI e dight i
colltiveatsanTetliovssttosaiexihienarad on- sifiv g dr tardirebo pbjrodtiotend 40 and each

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
entering each of the first image capture device 32 and the second image capture device 34
when different objective lenses 40 are used (for example when different magnification
factors are required). In addition, the collimation of illumination increases ease of
introduction and positioning of additional optical components or accessories into the
system 10, particularly between the objective lens 40 and each of the first tube lens 36
and the second tube lens 38. Further preferably, the collimation of illumination enables

in-situ introduction and positioning of additional optical components or accessories into
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10 components of the system 10. The system 10 of the present invention
enhances ease of introduction and removal of optical components or
accessories into and out of the systent~10. The first tube lens 36 facilitates
focusing of collimated illumination onto the first image 15 capture plane.

thS¥taRY1 6hBasecaRelfuReIeas B8 dBribiniesclacusing hop bMmmiattst tube lens 36

illumination onto the second image capture plane. Although, tube lenses are

angdbe ipeenfbiubisle it g Bpuichnass ifprrecprdsaningabe st oviyem 10 In
adARRECIRIE YR ARRERPMeRidRdathiBR-adHbat alternalivespRic B ARUGESHECtive

mechanisms may be used for enabling collimation of illumination, more .

legy,dQimd ihernenyrgrateitalit dio SOmRRERS KT dtad HASH IR Se P tRents.

Lsuhseamentdesitaingdnereetonte sijoenwf 1he ishHaage AR RIaReARsluse
the second image capture plane respectively. The first image capture device

daglsfig i undaations rHS6EvERpture device 34 are preferably positioned along

adjacent parallel axes. Preferably, the spatial positions of the first image 25
ca[i)ture device 32 and the second image capture device 34 are determined

It il dBersioy s Pa AR RIEE RS PByARETPS: SHES EhptE A GRS S g of the

pré&&RNEnEAGEnCaNINE dexiCelesfbRUCthahtRSYaeIEN1 A AECHES R SI@YR! of
total area (i.e, is space-efficient). Preferabl¥J the system 10 further

CORRAPTASLL NEMHLTBr WedMCspIRters HhQ i dretinseebion endapersegse of

inttbgubeamaspliéarsvandfoptioss esmpliactiveosutasesrrreimieip@bly dfithe system
ositioned for directing the brightfield illumination and the darkfield
lluminations from each of the low angle darkfield illuminator 28 and high
angle darkfield illuminator 30. Preferably, the system 10 further comprises a

central processi nit.(CPU) with a 5 stoage memory or database (also .

T Bioh Lo et ELAGE (ROPh TR RSB ot Esroee
caparynphicataie ik omeosgleadiaibe atherimpanerts afdingngystesallithated
.Hfor.example the first im ?e capture dev}]ce 3 d the s?éco}nd image ca tgr%f

T A % Ol 8§%Cé)|61§1 BBy AR S fﬁ%w?ae {16855 R g hibed for
ussewdihdthmagecaanitiia davipeeséhar@uigfeialyt catlvaitesbinte imagesignaison
sk%%gértr{%ﬁ%rg}ﬁg?f %Zl&%ﬁ%%@ﬁﬁ%;rﬁﬁ%%gég é)sf B\rgc%rgnrpsmg?rll%}f repursoeC fosrI re‘gabling
collimation of illumination, more specifically the brighfield illumination and darkfield
illuminations, and the subsequent focusing thereof onto either of the first image capture

plane and the second image capture plane respectively.

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

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

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

reflective surfaces. The beam splitters and mirrors or reflective surfaces are preferably
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transmitted thereto to thereby detect defects present on the semiconductor
wafer 12. Preferably, the detection of defects on the semiconductor wafer 12
is performed automatically by the sys%é‘m 10, and more specifically by the
CPU. Further preferably, the 15 inspection of semiconductor wafers 12 by the

poRVietary ¥0rigdctentatie, wnchentaliachiutihie LB theAdterRtveutiBations from

inspection of semiconductor wafers 12 for the detection of defects is
caglcfite donyanels serbhe hidHmpaRILAS PRE s prelsdariaiividdHrmsr@enify

information transmitted thereto in a database. In 20 addition, the CPU is
programmable for classifying detected defects. In addition, the CPU _is

P e b ISr SYF MMl ForREs FRBFGES SA e M RERFSSS IRso M EpEchidhuNyith 2
stéhecPrREASSLSrAgeSs &8 detactsatecind: ipriesdatppaseshbWwithersie el is

regarding capture of images, processing of captured images, and detection

Prefhbe R Sirisr S e BHAaP v ithsOr Savalptnidhe SbmiveosPRAIHRE the

syaRptewated byamperaaniakilpgask thepalte devigdhe dagariptieBopdusied capture
above, that the brightfield illumination emitted from or supplied by the

deyighiffe MAGRTISARGTSS DYnHeHE P RASK SHENRASSIRS etnifted Womreary, gpage
cafiterione aingR1daskiield it hatadrtd® iandithe:big brangla desklisldrdlup inatoPU.

30 (hereinafter referred to as darkfield low 30 angle or DLA illumination and
darkfield high angle or DHA illumination respectively) each follows a different

Thayapathiorpepiicahpable 2or Hidewshartiafamexemptviy fiistdaeaAathtdO@mages,
followed by the brightfield illymination is shown in FIG. 10. 5 In a step 102 of
tracﬂ%lm@(ﬂrégeﬁ%% o ,%?@ﬁt#%ﬁmdﬁﬁ?ﬁ&igﬁea?ﬁ}gm igfgu?fmawm%f Wafe? 12,
Profightsiig | oiburménatos o fAgqaseisous v esdianeddthebrightield dllumipatiomed

is preferably emitted from the first optical fiber of the brightfield illuminatqr
S ilon, (e g e e ol o i i i T
infreatithedirightiieitiubtninaters 2@ Bhenbrighifialdolisrainatian Qraferadiyrolled by
s through a condenser 44. 10 The condenser 44 concentrates the .
o AR R BEEH o SRS BHLR: Mo i e stestion, of
defelits iy elldttingdsbyfacke 43¢ ankirsianual input.

The CPU is programmable for storing information transmitted thereto in a database. In
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.

It will be appreciated by a person skilled in the art, using the description provided above,
that the brightfield illumination emitted from or supplied by the brightfield illuminator 26
and the darkfield illuminations emitted from each of the low angle darkfield illuminator
28 and the high angle darkfield illuminator 30 (hereinafter referred to as darkfield low
angle or DLA illumination and darkfield high angle or DHA illumination respectively)
each follows a different ray path or optical path.
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mirror. Brightfield illumination reflected by the first reflecting surface is
directed towards a first beam splitter 48. 15 The first beam splitter 48 reflects
at least a portion of the brightfield illunfihation striking thereonto in a step
106. Preferably, the first beam splitter 48 has a reflection/transmission (R/T)
ratio of 30:70. It will however be understood by a person skilled in the art that
the R/T ratio of the first beam splitter 48 can be adjusted as required for

A S tne oe iRkl arRuhd 8P ghgRtrrdPNthnibEebici dbiaynstion is

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

Int@WRH s(he Oie elivertsNsaA0 rusitasrdicidetinahaim tbe1ZhinsReFPRE] by the
position. In a step 108, the brightfield illuminator 26 is focused b

brigljidicide fHaIARI0R: e MSpRITEHIRSTSHIEMEL JBFiRBRRAE wﬁﬁrﬁion is

preRsiivn et ife dTRoIASRAB GlIgNPasiicbL B g fitiald dhvmeiadtiomsapnliee Pycibly,
rightfield. illuminator. 26, and focused at the 30 inspection paosition

b
the i AR H 108t ST WrRiTiel) dhbyaigpkeivicam tHe phidie Sriglyficld
ilsaserdICThwaies it BeRoglionasRthedRspastpkRRSIdN 2 s6aRchEE: 44.
the 26 brightfield illuminatign is reflected by the semiconductor wafer 12
T]Fo%?ﬂgﬁ‘éﬁraﬁﬁé’nﬁ@ﬁ@é%ﬁ’%%%ﬁe@r' iatifdmination reflected by the
semiconductor wafer 12 passes through the 5 objective lens 40 in a step
112. As previously mentioped, the objective lens 40 has a_ correcte
In igiad ﬁh\%{fﬁ&}?}?ﬁeﬁﬁf&&aﬂﬂamfrsﬂEﬁrﬁ%hﬁi LR ABtgRe AR first
mizRjedsvighemns dHllismaallitoated by dhephjedtiverlens il dherdegrardeted towards
agnificatign of t§1e brightfield illumination by the magnifying lens is
a g;esb FfBrPBH & magnification factor of the objective lens 40. 10 Brightfield
illumination passing through the objective lens 40 is directed towards the first

TRERT SOMET 1503 SRR AL (S Y GOEI PT BRSOR SRS 5 2 ki
thereonto in a step 106. Preferably, the first beam splitter 48 has a reflection/transmission
(R/T) ratio of 30:70. It will however be understood by a person skilled in the art that the
R/T ratio of the first beam splitter 48 can be adjusted as required for controlling the

intensity or amount of brightfield illumination reflected or transmitted thereby.

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

the inspection position.

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

of the semiconductor wafer 12, positioned at the inspection position. In a step 110, the
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48 and a portion of thereof is transmitted through the first beam splitter 48.
Extent of the brightfield illumination transmitted through the first beam splitter
48 in the step 114 15 depends on the RI/T ratio of the first beam splitter 48.
Brightfield illumination transmitted through the first beam splitter 48 travels

brightatds aiseaarddheamanlitted 3R- fiesatessinerm wrliter 5O aithiied at the

. system 10 is_preferably a cubic beam splitter 50 having a predetermined R/T

INSREI P BASIEBY the R/T ratio is 50/50. The R/T ratio may be 20 varied as
required. The cubic beam splitter 50 is preferred because the cubic bean
splitter 50 splits illumination received thereby into two optical paths. It will

Brightfrlde iamipaiieridedls tigda Berdsnserien ey arptha theatnshgiratgh the
objedishape oftha quile heamasphitei AR vilherdvaeibattebPREGIMaNEeIaNEhs a

alignment for this purpose. Extent of illumination reflected or transmitted b "
Heh the

CoiECteek BREBEAM BplEt B0 IShatsierradniebiirld Stumimation eyt
obpeAVeSRIEr5R. dolRnsieRl biththetetahtbialsdwmmatidegtidkesniensReans of
litter 50. The brightfield illumination striking the beam splitter is

beam s ling '
the et iAo HUlhH BRI ARSI tHE oSG AR itsniKgaRcation

fa&@ﬂgmﬁwgbyemumemmaecond beam splitter 50 travels towards 30 the first
image capture device 32. The brightfield illumination passes through the first
tube lens 36 in a step 118 before entering the first image capture device 32 in

Biaghigie1420udinativg beskinbentongBthoelsdovtorus dueicallisorieebhrantfinédfirst
illumination onto the first image capture plane of the first image ca Lﬁ}ure )
OB LSS gAML r B LS BRRSR AT Csl bRt
4 emablesosaptuse it rbrighttiaighittabeky ghali Jirdmrgm cpptwiesde Hee @ Sthe

Theén ightfield image captured by the first i e.capture plane js.preferabl
g K R Al e i i iy i the tep 14
defsandhaii et (U dauidostihd 1o dhieeaaRiglittaelss aBsilissiod iiageosi ghakhitted
hthe PU E al§o known as %ata transfer. Transferrge]gl brightlfjeld Jmages are
thigueh P RHgY ﬁ%%?éﬁ‘&t%é é&aﬁﬁfsaﬁ?dvéff}?é‘osﬁ‘f?ﬁ PP Erithtfield

illumination reflected by the second beam splitter 50 travels towards the

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
beam splitter 50 will provide better performance and alignment for this purpose. Extent
of illumination reflected or transmitted by the second beam splitter 50 is dependent on the
R/T ratio of the second beam splitter 50. In a step 116, the brightfield illumination strikes
the second beam splitter 50. The brightfield illumination striking the beam splitter is
either transmitted therethrough or reflected thereby.

Brightfield illumination transmitted through the second beam splitter 50 travels towards
the first image capture device 32. The brightfield illumination passes through the first

tube lens 36 in a step 118 before entering the first image capture device 32 in a step 120.
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second image capture device 34. The brightfield illumination passes through
the second tube lens 38 in a step 122 §efore entering the second image
capture device 34 in a step 15 124. THe second tube lens 38 helps to focus
the collimated brightfield illumination onto the second image capture plane.

TIRr@Rifialk ko natieniacusrdOMONE BERANEHENGE dGARIHIR RS RO ARIES st

capture of a brightfield image by the second image capture device 34. 20

a
impgg Wﬁi@@ﬂﬁ%@%ﬁma&faﬁ@%ésw&qégg%%ﬁf% Blafungtion focused
orfbelREafY CRMMRItesh IO PRAC @ SIBNRIDaphird BRGEHTIgRaISIarer RSB I UBB Tt
. transmitted or downloaded to the CPU. The transmission of image signals to
impge SERgHERSRERSE Eontroller is also known as data transfer. Transferred

brightfield images are then at least one of processed by and stored in the
U. 25 A flowchart of an exemplary second ray path 200 followed by the

CPU
TheabkiehtiRlg it easiiog M S RagR SARRERENG 18 prfecabyanygrted
inthens@eosidday. Path RRRighlluminabosyisatp pHed Rl Righangidcd@o the

darkfield illuminator 30, As previously mentioned, the second optical fiber

CR e i ARSI RE ATYRS SISRAMUIRIABSSrP S ph P i YReaRi GRTA gas fer
Treaskdiedd ibHpHaRRT 282309, Reefrsakly . 18as BhAJHWRIDakiea tsydiiRCtbred in the

focused at the inspection position without a need to pass through optical
mponents or accessories, for example the objective lens 40. 5 In a step
204, DHA illumination directed at the inspection position is reflected by the

semiconduyctor wafer 12, or the portion thereof, positioned at the inspectio
B%%ﬁﬁs?% lﬁwaaealbﬁsﬁeﬁﬁ%mﬁ R AT et ﬁ%e%otﬁra&%ﬁpfﬂ&vargs the
se@dgilacaﬁ@gkeaﬁpﬂ&éma\&él?mzmﬁle;mﬁﬁﬁetﬁimu@maﬁenwm@& hafoagﬁpmie@h@%nd

rration.in infinity, collimates the DHA illumination passing therethrough in

g DS B T B SHTBO RS CEILEAF A, b b tep
1 dirgtiedeanaradsénedirssieaps tspidtas 4& tolastepd208giteldHWumination onto

thiellgerrgl)rru1 ti%rllastrikes the first b%amhsplif er 48 and. a )
ge capture plane. Brightfield 1llumination focused onto the second image

capture plane enables capture of a brightfield 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
CPU. The transmission of image signals to the programmable controller is also known as
data transfer. Transferred brightfield images are then at least one of processed by and

stored in the CPU.

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

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

helps to direct the DHA illumination supplied from the high angle darkfield illuminator
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portion thereof is transmitted through the first beam splitter 48. The extent of
transmission of the DHA illumination through the first beam splitter 48 is
dependent on 15 the R/T ratio of the fifst beam splitter 48. DHA illumination
transmitted through the first beam splitter 48 is directed towards the second
3ooeprrshbiier B@. IvrpastariAlfatibe E%Hd’ixié&[?i%ﬂ'%étﬁk%éhﬁ@g&%ﬂ BRRMon
splitter 50. Transmission or reflection of the DHA illumination striking the
withebhna Besth o dagiitiosahsRdseh demPoRMS RITAFSES eXithe Kucaifample the
otpeaMeIRlita0n50. 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
Inta fReh2thae pellinatedRAdoq winrinalion artodirdiishimadesatidteplanane
of the first image capture device 32. DHA illumination focused onto the first |
selcgflbaioturEAfTare e AR sRAUBRI ST S bapRiilianfdatie i dRSRSSEEH RARtioN-
Réfukiiglo Righiangigatdh Abimagehydneabisst tRragencaptubra@Maen320 in a step

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

206 AdErahIoSH Y GHhiRAEh D GRE b AR NSt salipates the
DHKoughiheisecaRrditichadens:0s8linmisiapeg M before entering the second

image capture device 34 in a step 218. The 29 second tube lens 38 helps to
focus the collimated DHA illumination onto the second image capture plane

DEthBsEeandl Pagm sapioigoei B3 FHehd himingtiando eiseds enéaiiebeam
econd image capt ﬁg}lace enaples. capture oLt%d rkfield image, more

re . .
spHEEificaty & ﬁmﬁﬁﬁd gHPAH I HBRY ipR kS the B mmspjtehdflpad @
paigvicedeod Asflemaharited amexgmplaey Hibid bayrpatpl2ad fallowEstbythat of

darkfield lo nﬁg%j% .lgﬁtzﬂillumina ion is shown in FIG. 12 In a step 252 o
SRR (D IBD, TR G HL Cop R B ABTON dhgudiindent on
thelakfieldldlbitioatan BmRelthitkgptical fiber preferably helps to direct the

DLA illumination supplied by the low angle darkfield illuminator 28.

Preferably, the DLA illumination is directly focused at the inspection position
DWitholingimeRe teapasstitdatighudpticaticarbpanaipiier ascesspsasdfaswards the
segc))(gl elgntqhsepﬂgjéarcye{.e Ilr?gssffe% 210, the DHA illumination strikes the second beam
splitter 50. Transmission or reflection of the DHA illumination striking the second beam

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

DHA illumination transmitted through the second beam splitter 50 passes through the
first tube lens 36 in a step 212 before entering the first image capture device 32 in a step
214. The first tube lens 36 helps to focus the collimated DHA illumination onto the first
image capture plane of the first image capture device 32. DHA illumination focused onto
the first image capture plane enables capture of a darkfield image, more specifically a

darkfield high angle (DHA) image by the first image capture device 32.

Alternatively, DHA illumination is reflected by the second beam splitter 50. Reflected
DHA illumination, from the second beam splitter 50, passes through the second tube lens

38 in a step 216 before entering the second image capture device 34 in a step 218. The
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15 In a step 254, DLA illumination directed at the inspection position is
reflected by the semiconductor wafer 12, or the portion thereof, positioned at
the inspection position. Reflected DLA%llumination from the wafer passes
through the objective lens 40 in a step 256. The objective lens 40, which has

seBorariastettaDeN atiapsing by, ellimmias e DPLAA illuARAIaN ARSSIAG second
_ therethrough in the step 256. 20 DLA illumination passing through the

inggRecabiemiang R dhecrcand wangs sietws drvdeR YhiREiualyminatiep segpsed
orifoe & Adminatiarestikesth st REARLSPHIRIAS dNd adRRILIVN theseof iwore

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

spgsclistlly mdairaighishsmgie iR BrgmbyIhtacaend ingss faaRt e A BiseHe -

R/T ratio of the first beam splitter 48. DLA illumination transmitted through the
litter 48 is directed towards the second beam splitter 50. In a

first beam s .
A SHEB SRt b DL MR B SRR e Lo P BEAr SReEPBGEId Iow angle

(DIransimissians ieilestipmmofige IDLA illumination striking the second beam
30 splitter 50 is dependent on the R/T ratio of the second beam splitter 50. 30

DLA illumination transmitted through the second beam splitter 50 passes

IntArewg i sredirgte tﬂb@iImgs;;’a@himaoig%ma%ﬁff?m@m@Eﬁlgﬂhalf}sszttﬁe?gef angle
capture. device 32 in a step 264. The first tube lens 36 helps to focus the
da&%ﬁﬁil?aﬂéd@‘ﬁﬁﬂtﬂfu%ﬁné}%ﬁﬂ%ﬁfb ﬂ@&%ﬁ]stﬁh?ag@eé%rawelmﬁvﬁew%%rglee DLA
illﬁﬁﬂﬂﬁi@ﬁ?éupplwgkliﬁ e deﬂfgmgaaﬁglﬁl?quaﬁmﬁm@ tise Erﬁ}f_sieilllsmﬁg@le DLA
...capture plane enables capture of a darkfield image, more specifically a
lllaﬁﬁﬁﬁé‘fﬁ}gﬂfgfﬁ%?ﬁﬂ%%ﬁ}i%%iﬁ%éb% wﬂ%lﬂ&?%ﬂ%@ VAR st dogpass through
ophiteroahiyelyeld 4 devrinaiiay) forrelleatee thy theseconabeam splitter 50.
Reflected DLA illumination from the second beam splitter 50, passes through
the second tube lens 10 38 in a step 266 before entering the second image
Incagtepedayipg. Adiinmsiaa alrethel seadpdiuhe tRnspdSiieh s tee faeusdtihe the
callimated DLA jllumination onto the second image capture plane of the . .
SRR TR e ol TE P I AT PR AT St P oAt B Lbgiion

Réftagalqapiiigpidaetnalies tapiutergiasdatkiieldlinagehjsiie spedificallystep
253 RfNEId AR 3000, LA RS LY e SEPORd AT, SaRHE Jevie 3 the

DLA illumination passing therethrough in the step 256.

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

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

DLA illumination transmitted through the first beam splitter 48 is directed towards the
second beam splitter 50. In a step 260, the DLA illumination strikes the second beam
splitter 50. Transmission or reflection of the DLA illumination striking the second beam

splitter 50 is dependent on the R/T ratio of the second beam splitter 50.
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15 It will be appreciated by a person skilled in the art from the description
provided above that the DHA iIIuminar;éi n and DLA illumination preferably
follows a similar ray path after being retlected by the semiconductor wafer
12. However, the second ray path 200 of the DHA illumination and the third

DIay ipathiratbaftthesRk diurination sarbhe RAindpidualy piadiasu e et st

using techniques known in the art. In addition, the angles at which the DHA

iRl ol 4riteheoB ARG RVeHbR bEikshiraasmiconiictsvias s step 264.
TIROGHIPRAR Althed RSRRCIOR ARSIHOBIMRYRYI BHUS B AmEeaHIBREbfae first image

enhancing accuracy of defect detection. For example, the angles at which

cagiure AT Hhika B G HER SR BIRSINFHIFAtdNn SiriRe! Y SERAiSh RSy the
firk? Resiiongshat tRHISRRSEIRE 2apRasItioN Mavkecadjuated deRendipgOtally a
dagq{%(\e%%g?emiconductor wafer 12 positioned at the inspection position or type

1gR et 1 dEagE the By HETHh ISR SHRIS IO &85 2The DHA

images and the DLA images capture by each of the first image capture
device 32 and the second image capture device 34 is preferab%ﬁconverted

Alisrathade b BEWREARaF ShlssEgUBR R trasramiRerBY sRlliToadeligBected

Dihe Gibindfient Raantissierball dkanag atsiBrRIp e és ikt da g SBKERINdasbe lens
data transfer, Transferred DHA images and DLA imaé;es_ can then be at least

38 Mot FRoc SEEP By A G988 N CPREaSIRYHEaY RS pleidudsp 208. The

sebdmdtionedicthie Iy sidipage eaniuiadeyitendami theiseeanditnagecapiuiecond
. 5 device 34 have preﬁ%etermined spatial positipns relative eac

other.. Th
IM3SE GRRHECABCVE TnSADTS JetHRST WRATRE firdiulde féhe Siiiign Tocused
onseconrRd dehxmienma: fagiitatepine spafiaépasitoning OfthéficstimagRge, more

capture devic nd.the second image capture device 34. It will further b
PR i T BRI A oL B R S AP G 3%
accessories, for example mirrors, may be used for directing 10 the brightfield
illumjnation, DHA illumination and DLA i&g}%min tion, ng for facilitating. th
1 T BERGHIGE BY the et S o R 55 St e st etCeove
theapitiHdeviteBdathyetarala, Ahdlapdtiali po gitiaesioltiel lowt imsige laapiyrath
deyice 32 and the second image capture device 34 are fixed with refere
e A SPEGHSH BT ELeY AR oL RBRLC the e hTAg@ath 200 of
theaptlre deridaadidanadhensetont isagetecapiOref the DLA illumination can be
individually altered as required using techniques known in the art. In addition, the angles
at which the DHA illumination and the DLA illumination strike at semiconductor wafer
12 positioned at the inspection position may be adjusted as required for enhancing
accuracy of defect detection. For example, the angles at which the DHA illumination and
the DLA illumination strike at semiconductor wafer 12 positioned at the inspection
position may be adjusted depending on type of semiconductor wafer 12 positioned at the

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

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

which are subsequently transmitted or downloaded to the CPU. The transmission of
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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 cap{bre device 32 and the second image
capture device 34 with respect to the inspection position preferably reduces

infibsatian lRseet/andisdivsinens feadhaskfassaadyRicalbaesasiaiedawitipr A

. the use of mobile ima%e capture devices or cameras. 20 The optica
IMAgEeRAbIN e 2 ABF ARV RERTopee Ry b A RHHB O ipH S camiirg-

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

ASiREENIGHT BN et HiE JHSLBTHES SRR SR PratBh theneern i ee capture
delieninatpn o israiataraliyda pses 2posaitse felasivBPivily Hﬂﬂéﬂmﬂ@a@sre of the

illumination. Alternatively, the thin line illuminator. 52 is a broadband

objsHhialER s A0 KRS o AR o i 108 ilfsinatierd Hhe RPRfleube lens 38

fadlumipatien ipRrafyahhoairectadiad e inareetioapRESIHRRINAE sReeHicaliyond
. at the semiconductor wafer 12 ﬁosmoned at the inspection position, at a

imgasieARie Y hghd; tmilhikahes &y anrtHatrd i e st H ed i hcaag that

ot RIStiSap @S islyneo upladt dos 13 0fppeiionsad aliadntcaelpreines HosidRecting
relatlve to, the thin line illuminator 52 for d|r ctln ﬁe thin line illumjnation, at

Retholi st £51 D SpReAn B AbA Rose T bPra L sidni ine

thprpaialohy SavIises tEniTdimage @a@mw@aﬁwsz(laﬁﬂemaﬁafdiﬁfefﬁaget@a@me
al (3D) prafile camera 56). Preferably, the 3D, profil

a three-dimensjon
de¥ighietn é’éefs@é(ireéhﬁénﬁ b RaSHL i L RERYTREES Led %a&@féﬁhe
sevGielirhag P rafeiablethe thinlinedbdwiatioieaniesingtheixpqiafile caoararhe

56 is focused.qnto a 3 e capture plane (not hown) to therepy capture
518 LG RO e L SR S1EH LTS SRR G O e

dethiectin prdeitivipivakanss? andethe G2 plfoﬂilie samen A dstbhefficienty3afer
. 10 The cg, aI ins ectlon ead 14 f rth mprises gn objlective ens for the

RSB eréth&HETR ‘?e? ’[66 SBAR PO BbR e EHdmase
ca@ﬁ)rer@mrBﬂImdlHhémﬂaimﬂlfﬁi@:tﬁgtbyethevﬁ&mm@ﬁdueé@pwafertlle?inspection

PSS o e 30 profle coleptve ens 38 before SRISHIANSIR BBl

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

The optical inspection head 14 of the system 10 preferably further comprises a third
illuminator (hereinafter referred to as a thin line illuminator 52). The thin line illuminator
can also be referred to as a thin line illumination emitter. The thin line illuminator 52
emits or supplies thin line illumination. The thin line illuminator 52 is preferably a laser
source for supplying thin line laser illumination. Alternatively, the thin line illuminator
52 is a broadband illuminator supplying a broadband thin line illumination. The thin line
illumination is preferably directed at the inspection position, more specifically at the
semiconductor wafer 12 positioned at the inspection position, at a predetermined angle,
which can be varied as required. A mirror setup 54 or mirror is preferably coupled to, or
positioned at a predetermined position relative to, the thin line illuminator 52 for

directing the thin line illumination at the inspection position.
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objective lens 58 has a corrected aberration in infinity. Accordingly, the thin
line 15 illumination passing through the 3D profile objective lens 58 is
collimated thereby. The optical inspection head 14 further comprises a tube
lens 60 for use with the 3D profile objective lens 58 and the 3D profile
camera 56. The tube lens 60 enables focusing of the collimated thin line
illumination onto the 3D image capture plane. The use of the tube lens 60

TheitpPii B RtieroBecive 18hdbsssigthd SHrprermltHopLises radiitsdeimage
cagalflﬁzﬂ@lﬁ;mﬁ&@mmeam@lféﬁ@mfwwmq&&tme@@m{ﬂﬂt@mmﬁl&@aﬂﬁera 56).

addition, the use of the tube lens 60 with the 3D profile objective lens 58 and

Prg{eralthyn hR18 QRIS SEMSFRBRESEE LA HHAUE G RIBHaD sptigsied by the

seAABdRANEIIS Wi REGESSPIieS AgiveRN e 3he Rrelig.abiscivetans G and thsrile
tube lens 60. 25 The thin line illuminator 52 and the 3D profile camera 56

capieie ol B5apstbORBOPAIAIRAS SR PR EHRG wbﬂa?wgéaﬁh%aampm 3D

1rﬂél§@96leHeO§éHﬁc§ﬁﬂﬁi@@9dﬂ§ﬂ&* wafeicl 2DPspirm by @ sRiprikied! i iadorine
d the 3D profile camera 56 are_ coupled tq the CPU, which helps to

ﬂlesa?arﬂaéez 8P§§h%ﬁ8ﬁf?§lﬁéa&‘b%?a?ﬁ)ﬁ SheRE A 1fihd Tuminator 52 and the
3D profile camera 56. Further preferably, an automated 3D 30 profile
scannlr%g and i mspe%;on of the semiconductor wafer 12 |Sferformed by the

Thez 0Byt ISR HRIL BEADHAEHEE SRIRRTSCHARINGISHE iPEctidnibs iR profile

caﬁwmcwtiuaternafﬂ@fef%admafawalwm@Mﬂil&d dwyjehe ERdds Is@d ditienthif€line
S a review image cap e62. 5

optjcal inspection head 14 compr
ypanatinashesly %btth% Havies %OFOWé%nJ&epaSéfﬁoﬁ% ﬁ*@rﬁé? profile
objeviaw IHRgES Crptuectrying 62 IBfpihiy fé@ﬁbﬂ@S@OMiﬁﬂaﬁl@;‘ the 3D profile

Alternatvely reV|eW|ma e C pture device 62 capt ochromatic
O e Ty e e AECHEIER. 6 BTty CAUAL ol Tine

1lltmﬁ@ﬁ$oﬁfﬂm1$1grﬂh@@ﬁgiu&i@rj\mfﬁ6ﬂlg fﬂfjattiea%me&ofs e@nﬁﬂmmgthereby The
oS R RS e g el deeced cn g somicpndie uale 120
objjuenivedtor 68 and tieersbignotaskhialdrila6imaton6d farsssipphybigsrightiieic the
conation and ckdeld, tminaon fEspectively The teviewTage PR Gy
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
of the tube lens 60 with the 3D profile objective lens 58 and the 3D profile camera 56
enables ease of introducing additional optical components or accessories between the 3D

profile objective lens 58 and the tube lens 60.

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

profile scanning and inspection of the semiconductor wafer 12 is performed by the
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illumination and the darkfield illumination supplied by the review brightfield
illuminator 15 62 and the review darkfie|d illuminator 64 respectively, and
reflected by the semiconductor Wafer%, for capturing review images of the
semiconductor wafer 12. Alternatively, the review image capture device 60

sySRpIUIes fiHminaianeurpliedbyilaliemalive MHiminaQisodos eXxaMRiMRBRREtor

that described above, for capturing review images of the semiconductor
wafietid? 19 Ptieder tRlieaniiedlgd B sisredévice 60 preferably 20 captures

high-resolution images of the semiconductor wafer 12. A diagram of showing
the review brightfield illuminator 62, the review darkfield illuminator 64, the

In adddtioimtheOrLptl A8 WG 5 3th I RATRPER SR gaHISH < A &BBtNE &lf vige 62.

THQWded imbde cAftufe flowrhasb ok aaexamprry WIsihdanpatTBOPeRw image
followed by the brightfield illumination supplied by the review brightfield

CapSiRYICe 2SRRI EMRIUIES. RS8R SHRRAGYF-ralep Gy oimage

capfigbtiielstilemingtiaedsianoplieshhyithenepde whbrighiéielchilleaninptarbdevitie 62
brightfield illumination supplied by the review brightfield 30 illuminator 62 is
PrefrEehty SISt TRievBagsTle 188, SHTHCORS0%, W brighfReiat least one of

coffiffinatienisifflaciad kwibeifissisaite dive sdriace Sanchdieaiadidomards
a beam 34 splitter 68. In a subsequent step 306, the brightfield illumination
striking the beam splitter 68 is reflected thereby and directed towards the

THeSRRO MPesition. HexteM alidrighibelpriddymination refleetrudbythaheans2 and
splitter 68 depends on R/T ratig.thereof. 5 In a ste 8, the brightfiel

o AR %%%@ doh BRI R B BPTBATR thRfetprkficld

illpesititiadradpheiinspeTlion@asitidmakbe apflastadvisig bifieddcillaminativightfield

...passes through a review objective lens 70 in a step 310, Preferably, th )

B o S A o L G St B G R pgninaco

62henbrighifieldidwminekinel pagsingiraudil thedigadave Bbjestivertans €@ ivyhehe
step 310is 10 Olll?na ed by the review objective leﬁﬁim' In.a St(ﬁf‘éslz’%]‘g .

SCRRGMRICTINYAISEton KFikEBIHE B SpiIREeES Ahils POEH HhERoY
Alranstitigd therathioudgmdgstenpwiéhadvightelchlumindiionipassingupplied by

ailiough fne beaim spiter 68 1 depending o e T JRI0. PR DA, 1oy
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
illuminator 64, the review image capture device 60 and illumination patterns
therebetween, is provided in FIG. 14. A flowchart of an exemplary fourth ray path 300
followed by the brightfield illumination supplied by the review brightfield illuminator 62
is shown in FIG. 15.

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

illumination is reflected by the first reflective surface 66 and directed towards a beam
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15 illumination then passes through a review tube lens 72 in a step 314
before entering the 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

spiiepipaton famisqd-an s m@%&&ﬁ%@atﬁﬂmﬂﬁaﬁoﬁ%ﬂ%@m@%@a@wﬂter
device 60 facilitates capture of review brightfield images in a step 20 318.

8
O8rinddinfiriioni SRR digriRd domardh ol heaieB P ktipayiksiobREhvghtficld
illenmdoandntieaanctbbmephtic? psafesahly Reititatasisasafintroduction

of optical components and accessories therebetween. In addition, the
collimation of the brightfield illumination 25 between the review objective lens

In Oseipl30e RYiBMpiBeIENRIMANRIRIEI3RBIIeEREIeS Hiexbie RPLIEBINGABE12, or

reconfiguration as required of the review image capture device 6

0.A .
POfHREN 6P An RIEHSy Rfth ey [RaRTesiss oM by the dflaréed  brightfield

ilnlmnaiopasiessupplied hyrivere\dewdrikiiad Huminataep B iDsPevieribly, the
FIG. 16. 35, In a step 352 of the fifth ray path 350, darkfield. illumination is

YT IR e e¥ied? ddikifel QARSI AR B PRe HarRiEIPHIMTTRIGRLY- the

britHpliRH inVdhgateyiey Warkfialduivmnin a0t objeteiarably dueathhEosdsest o is
at the inspection position. In addition, the darkfield illumination supplied by

C%?é‘?ﬁ‘e?(’/@' dseaeriIRRsHAS 8% Dpreferably 5 directed at the inspection

position at a predetermined angle to a horizontal plane of the semiconductor

wafer 12. This predetermined angle.is preferably a high angle, and cap be .
nagjjtisRed b r uﬁrééhﬁé% tEBAHIAGOE 1AL (0% o7 Uk in . ArboFion

ther &€ s Indsthietetrkéieig ibughinetientis raflebiach it e Isemmieaoa patemyalesugh
12, or 10 portion thereof, positione the ingpection posjtion. The reflecte
B e R T A G o D G R el d
illsiemanh thea gasidieinrdluhinatorwassingthroughithe pevigwabie cliverienshe
70 in the step 356 is, callimated by the revyi objective lens 70. 15 In a ste
re X8y FRAEBINARN) SEVIEe ) 110 Ao ke bt QpIERS dAdlieuscy the
coblained theppofiésdtransnitiediitheirtuolgingextepluot thrtaddield review image
calll)lt%%mdaetxlf?cne pe%ssﬁ}?’gmﬁ%ﬁ’? qnumination focused on the image capture plane of the
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
and accessories therebetween. In addition, the collimation of the brightfield illumination
between the review objective lens 70 and the review tube lens 72 preferably enables
flexible positioning and reconfiguration as required of the review image capture device

60.

A flowchart of an exemplary fifth ray path 350 followed by the darkfield illumination
supplied by the review darkfield illuminator 64 is shown in FIG. 16.
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the beam splitter 68 is depending on the R/T ratio of the beam splitter 68.

The darkfield illumination then passes?]through the review tube lens 72 in a
step 360 before entering the review i %lge capture device 60 in a step 362.
The fourth tube lens 72 focuses the 20 collimated darkfield illumination onto

InaNdiRa8 Capinteidn@Phie BSviewRTRUE iNaRIHES sl Yice Bl ddaskligld review
illumination focused on the image ca‘l’@ture plane of the review image capture

dagielifdd Ebrratintates tcaphrdBk Heltb W BEIRAERD i RRES dnby daep raggwTHrrkiicld
inegllimediosnat gaehe pblhedndetNfigiduliminatiomand darkbieldid i adi@fon, the

between the review objective lens 70 and the review tube lens 72 enhances

dagifieldrifjugyirvenaipebinfigivatiin 'sr iR Jrtdinld ol vigieae Sficisipreteably
dirHbnatioR.aheashioh thesifsightfielsdlvmination anddaykipkilbAmiNglan of the
between the review objective lens 70 and the review tube lens 72 enhances
sepieRndrHSLinatihd or CBhRGRHTIR BRI S I RS FRESLY @ pigheaelsicing gan be
adyvitfethe ether-compen erimefibeksywans kg dRereinfaciifatngrtcapture,

while the semiconductor wafer 12 is in motion, of the review brightfield
images 30 and review darkfield images. 36 Captured review brightfield

Inimnagps3and wapitetke iiewnsiaikbe|d ireasas B phefesahboncapieriesinto2, or

image, signals and transmitted from the review image ap%ire devig _%0 tg .
POFiOn BERRhRaEieRsAAb i W@%ﬂ?e@%ﬁ%?’&e%&‘fféi‘é% I dos et dtlyspination
the@yackél theudatakaseidvidigdameneiinagencapiye sievite 66-easdakganation

fixed spatial position relative the inspection position. The fixed spatial )
Paﬁ%&ﬁié‘?f%‘f&hé A T D ngéhéﬁtﬁ%ér%?dﬁl%ﬁ‘ﬂﬁﬁﬁ % B IEW

obesses rmd Adljustment feedback losses typically associated with the use of
mobile image capture devices or cameras, (Note: The preceding statement
10 is to highlight advantage of fixed position of review image capture device,
Inmade possiatechlyimae oluikadrni)uinaietynanhRacing Spaaligpaftee\dedva portion

R T I o e
thstedilizeplmneciaanisdeptheisy shethcl /8 prefesalbhy bomntpdios b8 Tinsatiokficld
illilsrglgg%rgn%ﬁen passes through the review tube lens 72 in a step 360 before entering the
review image capture device 60 in a step 362. The fourth tube lens 72 focuses the
collimated darkfield illumination onto an image capture plane of the review image
capture device 60. Darkfield illumination focused on the image capture plane of the
review image capture device 60 facilitates capture of review darkfield images in a step
364. The collimation of each of the brightfield illumination and darkfield illumination
between the review objective lens 70 and the review tube lens 72 enhances ease of design
and configuration of the system 10. More specifically, the collimation of each of the
brightfield illumination and darkfield illumination between the review objective lens 70
and the review tube lens 72 enhances ease of positioning or configuration of the review
image capture device 60 with the other components of the system 10, thereby facilitating

capture, while the semiconductor wafer 12 is in motion, of the review brightfield images

and review darkfield images.



10

15

20

25

30

or stabilizer mechanism when the system is in normal operation. Preferably
the system 10 comprises four vibratig{l isolators 24, each positioned at a
different corner of the system 10. Th Qibration isolators 24 help to support
and stabilize the system 10. Each vibration isolator 24 is preferably a

Cfﬁmmqw&ke SHURHHERIOGRRISHN WHERRDRINBS AaNREICYIRERIARS ferably

ereby serve as a buffer for preventing transmission of ground vibrations to

COfCEGE e 1Dags ShRdsimgaRwaled iaRdhs is dF prYsa cARBYS HERIEE B0 to
thehproyeinimabR HadNEtenRdsolMEersced belprie QRb@NGRIHaHY of I8Es the

captured by each of the firstimage capture device 32, the second image

e device 34, the 3D profile camera 56 and the review camera 60, and
to thereby improve quality of inspection of the 25 semiconductor wafer 12.
An exemplary method 400 for ingpecting the semicaonductor wafer 12 is

Thegvidel HRasFufty Wy arierfisodimedt driffe HrEgeh SAYHBRSHIR irHve the
indloutiagadnioh thEhE RPN Siaoi O fStsh oW fltagd Gaphgdmeiied 60

400 for ins(&ecting the 30 semiconductor wafer 12 enables at least one of

Prafetabho eSS AL EBHOIN T8t Grlystach Sirthacseinitohaniainargeiated
witl {/usthst exsnplianyde etipad 488, fess s Raeatig: SENIRO MUK GIRscaERI stdment

utilizes reference imgges (also known as golden references) to which

is o B RS M bRL BESRY SanfaHIRTSH WwHIeYs TSRO ARSI foPiifRgtsible

byotie: offdatrcting) ehssifyinthandne\jenigf sefeciswobriliefRamiaanducied review
%e 12. For purposes of clarity, description of an exemplary 5 reference

da @@B@&ﬁ&ﬁaﬂ?ﬂ}& s 900 is provided before the description of the
exemplary method 400. The exemplary reference image creation process

900 is shown in FIG. 18.. Exemplarv Reference Im Creatjpn Prqcess 900
Tl YR S0 B SMBHSRRSREISS ORI Hhotlitanh calfesupyely known as a
stalsimpnsiRgranidhprEteigsminad nupibeidilyeiasened wotbas®fathe isolators 24

semiconductqr wafer 12 is loaded. The recipe,is referabéy reated or
O AR g b AR B A B P AT It SHRBIP e T SEARLY e system 10
comprisallyooredtadtidhesotaipe 2andaehsporttibinethe: datiaseatebiiner@Pthe system

rnatively, the recipe. is s(i%red in an extern ataﬁfse or memo ace. .
1 B S S R R PR b o e St B oA fation
isslaroicoddiscieeferably a compressible structure or canister, which absorbs ground
vibrations to thereby serve as a buffer for preventing transmission of ground vibrations to
the system 10. By preventing unwanted vibrations or physical movements to the system
10, the vibration isolators 24 help to enhance quality of images captured by each of the
first image capture device 32, the second image capture device 34, the 3D profile camera

56 and the review camera 60, and to thereby improve quality of inspection of the

semiconductor wafer 12.

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

defects on the semiconductor wafer 12.
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wafer 12, which is of an unknown quality. The use of multiple reference

regions helps to compensate for possihility of surface variations at different

locations on the semiconductor wafer 2, or between multiple wafers. Such

surface variations include, but are not limited to, differential planarity and
TiluRBAFRRyeHasivitol Y hepedaistend A du @ Perser skillagindhecitence
_ that the predetermined number of reference regions may represent an entire

imagas calserknosiie eidrRgRiRisRsEW e ish AfRitHadIRIIeehaTl Hhe demirondustor
waYersher ¢ @ieiRnes faaiona ey eprReMNWRlgpPredetarreined dogaiidnson

on multiple wafers. 25 In a step 904, a first reference region.is selected. In a
the I5ERIGORM LRI WHE ™ | BrebidteHiPRY homsE HihstiHRSSs SrePBaftragiary
refirnecfiishsa Rt ROpHIRBO DRI sSRISEHEM RIRIRNGR RIULIHIIMOLT the exemplary

specifically, the n images are captured at each predetermined locations of
MEReS AL G SHTTREY SRIETTIRAUIMBES SHaioBANBRES HY Drogamimincy 18-
locations of the selected reference region can be varied as required and 30

Exfenbilate ddiyrahteastppevtaodivareceso9uam and manual input. 38 The n
images can be captured using at least one of the first image capture device

Ingd S8 S020AF Hage PRSI & AR RS Vil irdalis RS pRoraPISIng 2

pre@tigen i asueidirodreAtaibativdbhdha thinagesata@apiued UsiRddded. The
different imaag)iycapturide ice. llluminations used for capture of t
VaRag

en .
regiRgdR BTERH AR A G UPR YT SO RAFRRI RS r LSRRI H B the
re@bthesbrightiigld iltniaatione thec Pl AdbhuBinabesiand thbedtaBalluBinaiéoTPU.

Colors and intensities of the, iJluminations se%afor capture of the n images
Alerngiye |»et£€‘e6",cé{??d1§/atf?é%ﬂ HsansGXireng ! é%{ﬁ ré BF MURPRe Shi&Ges at each
position preferably enables reference images to be 10 created taking into
account the variatians in the illumination, optical setup and the imagin
Eq b BRI RS B BRSO PR g8 Sfmitonductor
wiefeleneehithagercreatiknowinuinas. Unwantedfinfiilepleas fereife ¢ts:n dréqs! to
detection, ?nd clasii)if{catio(zrﬁndue to variations betwegérb%ge illuglination 0
CORRRARS I aBORTEATY nlm BT HmEY L 8P ih &t s RHET Ve rdREHid Pe fiBn the
semay it captueder i1, eadhspeaiiedtifduniinatiiricondiien.aieietaltyude, but

of multiple im h ifi . .. .
arg %%H{r%lct)e tg,td%?eren%gﬁ%lg}lgr?gl aﬁB?ﬁunelynatlon 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.

In a step 904, a first reference region is selected. In a subsequent step 906, a
predetermined number (“n”) of images are captured of the first capture position of the
selected reference region. More specifically, the n images are captured at each
predetermined locations of the selected reference region. Number and location of the
predetermined locations of the selected reference region can be varied as required and

facilitated by at least one of software program and manual input.
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illumination condition facilitates a normalizing or compensation of illumination
variation from flash to flash or from strgbe to strobe. The n images are
preferably stored in the database of the’CPU. Alternatively, the n 20 images
are stored in an external database or memory space as required. In a step

TIROS.itheeR 1Reeefanadin.the1sieP-AeR RIRAlEN SR AR RFRREOESRS8 D2, the

Preferably, subpixels of the n images captured in the step 906 are

sergyktenage Rufisivatoncst iHe8dolik Ry MnEAStagBE sdsrdssrqBlys required.
ARaHemay, ugipgrknawpereiarencpsurduding butaatlinitechige t@gRse device.

bumps or pads formed on the one or more wafer using one or more of binary,

lyraipadgnscupechigfetrnBircal Sheidrimigienig. 1h Xtep a3 acqutsidmad are for

exiaigsitias of eastvhihm ninRg esi gherieri ClaiedafbarehsPBEIACAmination and
reference intensity of each image captured at each of the predetermined

theRL b HLUGH PR QL S oS rtdrisHens Hissi o e dliumiaatipns sret Ay apture of the n

inkalsibation ofidosefarmnaaittiensitigeifjeach 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 39 wafers). Further

Cipeierabhhihpealaidadioa afagfeyenaen PersiiBs ARd ik oéfhientciMIGRS to be

helps to account, or comﬁgnsate_, for other sur@sz_‘e variations at different

CrEBIEiGHESr FEGI GBI tHE S eRTicHBRClor Iafet T8 e FRURRDISNMFHRY, the

inhdihg siemd 1@ sl in cpleptatadiof refefaienemdptengiigsnraa affthefdrence
. reference, intensities corresponwi 0 one of theé#images. In.a step 912, a

ding
I ST OO BRI Z S AR o HERS e S AP R ML BARH oftistipn. and
cligdaesiafe dalculategkiditmowabeenltbtatisticahitfoimaiditingudasatidition, a

not limited to, an average, a range, a standard devjation, a maximum and a
TR o TS o, 107 SEh o GF Q5B TP e Ty SEPI il cach specified
illspesHicallycshaiaverapefsrablggorvgiticgneanmiling ¢ eigignae intenrity tecified
...each pixel of each of the n images. Geometric mean is a type of mean or . .
‘“&%%88%%%“‘?%’?%%%?%@ Hi‘?&lll%é‘}ﬁj%&}‘%?ec%ﬁi%é{flﬁlE}z“l}}lﬂaélé’{lo‘famuon

frérdrflberso Oashrarmbeaistrbbe tosmiders of the set are multiplied and then the
nth root of the resulting product is 15 obtained. A formula for obtaining
geometric mean is shown below:

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,
traces, bumps or pads formed on the one or more wafer using one or more of binary, grey

scale or geometrical pattern matching.

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

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



10

15

20

25

30

ra 11xi i=1/ Calculation of the geometric mean instead of arithmetic mean or
median prevents the average intensity calculated for each pixel of each of

the n images from being unduly 20 a deted by extreme values in a data set.
In addition, range of absolute intensity (hereinafter referred to as Ri) for each

witg) OFthehen iRe@rbis,caleualeslaRoalernbiYe iR RifesRARKR RixelRhhE Mhe n

_ images is the value between a maximum and a minimum absolute intensity .

InRges PSR AP R AERE NS A Lp DS IRt MMM SR UtEaRK o cations
ordeYigHopohheenribeRreralmizebiaheaahdidhafignages of the first

reference region captured in the step 906 is also calculated. More
specifically, the standard deviation is a geometric standard deviation, which

TIesEP9$0 hR¥EPrRAdaRH kel osat et fREnbennivhesespiarret aweragadence
the geometric mean. A 30 formula for obtaining the standard deviation is

nRSIRSBRRATdingn[Q 989pf)heyd Imagss Ih&ie g i tABRORTAE pidigcal

inffrth €S OLAUIERIEdAdabpixeldf it SteReI fnbi3esni agies]eRIItUTaE Alithber
temporarily saved, together with their corresponding information such as

ofj sastbRAbArHeEREMR Shdtidesr Wiy 1% Sttt B rafefEFegioiefng standard
destatisticalipformatianCaleiatachindea stemod bads pirefesablyialsaiie mpanadly

saved in the step 914. Preferably, the above data is saved in the database of

the CPU. Alternatively, the above data is saved in an alternative database or
MBIenspsYi fRRAGE @S reauiedisld Reiier Méuntds deiesRiraddiimaisitnagasch

.of the selected reference region are .required. The step 916 is preferably )
PiXgriiardContrdied aﬁal%%fg&rﬁqabest&aﬂ?aﬂcm e ABRITNE BYE 816 ch
inpeifeIMES Wwith-4a relianas ot iRisivaatiglncobiaingd by ingmbéenso9d hamnddd.2The

Alternatiyvely, the step 916 is. manually facilitated or controlled usi .
n@ﬁmqﬁéﬂénﬁ%ﬁfﬁpﬁé‘ gﬂf_lerg an(? then the nth root of the resupugng product is
obtained. A formula for obtaining geometric mean is shown below:

L 1/n

i=1

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

affected by extreme values in a data set.

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

between a maximum and a minimum absolute intensity for each pixel of the n images.

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

formula for obtaining the standard deviation is shown below:
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15 If it is determined in the step 916 that more images of the selected
reference region are required, the ste gs 904 to 916 are repeated. The steps
904 to 916 can be repeated any num Ay of times as required. When it is
determined in the step 916 that no more |mages of the first reference region
is required, a step 918 of determjning @ 0 916 20 need to be
repeated for g;next é gidn (for f the present description,
a second referénce regidn)of the predetermlned numper of reference
regions. The step 918 is preferably software controlled and performed
automatically. In addition, the step 918 is preferably performed using

wiiferyatiahcokiainelt inaileastsenefofusieps I, A12 and) 916. Alternatively,
the step 918 is manually facilitated or controlled using techniques 25 known
in the art. If it is determined in the step 918 that images of the sec

In; éfesiRce FagidienBelmasse CaiNirdd2i%. (HBReTatlss oS ﬁ%red’“t%hbéheir
coie@patetrerittoraetvid JefRrancr ¢egidnoa 4He S‘d@ﬂaidﬁc@ﬁﬂﬂrai@ﬂ:fom or first

epeating the steps 904 to 916. The steps 9 repeated any
B e B Tl B O HE SO BORTD 15 & prararayis
teﬁtpﬁmﬂg @@vﬁﬂoﬂema@&}wmateﬂ:r&wma b wdedarmined vl thetsteBbase of
gjit‘g 904 to ﬁ?)o no%aéeed to be repeated, i.e, thzranﬁl rages of the
ef t}%‘é}%n F 60 predtlleninet iinBet b PRt GiGhS&rE°ry
spacs seqediieietdyolden reference images (hereinafter referred to as reference

images) are then calculated in a step 920. 10 The calculation of the reference
images is preferably software controlled, and is performed via a series of

Inpaog@mir(striudtioa&eﬁhﬁlédlImviﬂ@rsteﬁSgase exeraplele sie psigentermedoiorare

alcu th It I h d b
e S BB bR BN et
PrﬁiHmhlpgthSprﬂay bq)eﬁrfnnmhdmh m&bahealaﬂmf@ﬁﬁhedﬁﬂmnmi mage steps

913; il ﬁgﬁﬁfﬁ oo SRod1C e Ao B G o Treedaie
tethaiyacp inadthe art.

If it is determined in the step 916 that more images of the selected reference region are
required, the steps 904 to 916 are repeated. The steps 904 to 916 can be repeated any
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
is preferably software controlled and performed automatically. In addition, the step 918 is
preferably performed using information obtained in at least one of steps 910, 912 and
916. Alternatively, the step 918 is manually facilitated or controlled using techniques

known in the art.

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

captured, i.e. if the steps 904 to 916 need to be repeated for the second reference region, a
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range is determined in the step 922. The predefined limit and range of the

step 922 can be software selected ar\:éj determined or manually determined.
In a step 924, pixels of 20 intensities ith a standard deviation greater than a
predefined value are identified. The predefined value of the step 924 can be

siSfWare-aelecied N selerm iRds R a0y aly odgtermingd,dnoasteP A6 ciiehe

previously saved images, as in the step 914, are reloaded for repeat of any

repcdimo NP StEBSS S 448 54 iIRERSHEPI A therstaichiandifidg preferably

sofuiside sregrtarmineckyakieor range is identified during the steps 922 to
924. 25 The steps 922 to 926 facilitate identification of images comprising

pixels of specific pixel intensities. More specifically, the steps 922 to 926

wasaesidertficatiom ehinvRgen scontaiiRepPRIs RAYIRAIeteRee IDRNRIHesed,
outside predefined limits or ranges, for example identification of

Loy fhakdmastedhiged o b ETaRfiffesoMBtd pBESHELRN 1R BeBRes Lo F8fggence
re§i¥aLHroinadiercyiHesirablgcoetediomithe s farernat opgeraaieutation @igence
. 42 help to prevent "undesirable” pixels influence on the final reference pixel
IMpgrRAIsT Y FraEIMaGP HIE "undesirable” images are discarded. This
facilitates elimination of defective data or 5 images, thereby preventing
influence or presence of such defective data with generated reference

Thin £GP sl Y58 SREES CMBFsifYy PIRELRh P PresnreaiRlind atpd s

peihgesd (iR inages sMdiseaidasdhaicoaensalidateayinpeiaiablre thecrefergnaeps
image creation process 900 results in derivation of the following 10 imag

I
PeEENYA) K AL B ST RREHEIEST clicH M BEceopersiond by a
peesvisalida¢adiimagesrh&tanidand e viasinan &f Rtensiyeof aasplpixeltafeashthe
" f the consolidatﬁ)d images éc. I\/Llaxi um and inim@ intensities of each
ORI BERHBIHRE BEHIERGAEH s ai‘@’(&g? MRETHGEPEFTBARS: intensity
of each of the predetermined number of reference regions determined in the
tep 70 idated i f the step 928 tref

In?rﬁea%&%epg%fgo' \%Eg Irg}%%)e%sceo inteenssit(lags greartgp rt %%nar%rgag 1(1:13d limit is
determined. In addition, pixels having range of pixel intensities greater than a predefined
range is determined in the step 922. The predefined limit and range of the step 922 can be
software selected and determined or manually determined. In a step 924, pixels of
intensities with a standard deviation greater than a predefined value are identified. The
predefined value of the step 924 can be software selected and determined or manually
determined. In a step 926, the previously saved images, as in the step 914, are reloaded

for repeat of any one of more of the steps 904 to 924 if a pixel with reference intensities

outside predetermined value or range is identified during the steps 922 to 924.

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

steps 922 to 926 eliminate “undesirable” pixels from the reference image calculation and
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images, together with corresponding image data is further saved in the step
928. The 20 reference images and thejr 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
heflSRDARE RH: FBINEYBRACEKE W ih NEABPIGCIRCH Y RSB pikillechifcNS the
art that the step 922 to 926 helps to reduce amount or size of memory space
refergtifed¥Sstoring the reference images and their corresponding data, which
may enable 25 the method 400 to be performed at a higher speed or
accuracy. The average intensity of each pixel is preferably normalized to 255

The oradeYsdispiipagmorisstisnstlade Tote BtEamghaiRalim I Welrstiyg data or
inl4pderaiers Py Reise skillesc otsralddbabihe ayaegiiensitvoheasterated

%lxel can be normalized tg an alternative value in 30 order to display and
re

KSR BV S tBra EePi et dE1a88S PRRREISHSUATS 99 IRBetilsE gty and

rapgesiaterminges Memhsreddies iesganting 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

PrO28:63 bR iepgaied fivnsaptudintipragas vl ideianthldeinationstake following
. illumination 5 conditions, for example brightfield illumination, DHA

iMfg&A¥ion, DLA illumination and thin line illumination, as required. The
repgiNigmafifee siepi904 taddiyenakies potepdiomen itreossinages fdhges

multiple illuminations or jllumination conditions, and wjth multiple image

c %ﬁ@@&y’ﬁ&%ﬁé%ﬁ?ﬁﬂ&&%& SSHiBLS 0&&@8%&7%@%@5&9{%&%5
referencamnagasdonmidtiple iieterenes segians ppidhe SemicyTdheteowsaietated
12 (or multiple wafer) and at multiple illumination conditions helps to ensure
accolift&bity, and compensation where required, for variations in quality of
syipaguentty eaguHad ivagas die:tolvaiationséddhenightinguaddibdnsféronce
example, the capture of reference images at different reference regions of the
15 séﬁ%‘&?ﬁ&f&?ngg i e(ﬁ@?c?ié%]rent locations on the semiconductor

wafer 12) preferably ensures accountability and compensation for color

iati t diff t | ' icond fer 12. The st
AL OB, PRI oo AR CORORlt By SHE IR proTLrabence

inthges, together with corresponding image data is further saved in the step 928. The
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

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

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

order to display and visualize the reference images.
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20 steps 904 to 928 are at least one of executed and controlled by a software
program. Alternatively, at least one of the steps 904 to 928 may be manually
assisted if required. The reference images created by the exemplary
reference image creation process 900 are used for comparison with

TIRUBLBS WLt caRiURdiagesal aeriaerdmeten Wafherler ofndaKoP Wibturing a

quality to thereby enable at least one of detection, classification and review o

coBts RORIERL IHTRREE S 1881888 ot phfeP S 201& O B dLisly Mag e et vice 32,

thOIRSBAY IMYERtiefpRIRVIRe S ths4exaMRtaryveethash 401fohdiseactRNs@fps 904 to
semiconductor wafers 12 to thereby at least one of detect, classify and

92 \idl Berieaid st AP tdnGe A% i ifrasafs il mipiianin ey dibppsion
coatithenethodx4ap1theragrrieRnAuGiahywRier D210 DRipsREEIEAIIYANElumination

n@/stem 10 is loaded onto the wafer table 16. Preferahly, the semiconductor
a

Ahip 1% 1B R 1t e F e 4RI IBY MethSHtteswXeinaidisnigles

créditb i ATsfereg @nimahe Wafentape Jfumuctinooyanuninis aprbaditdiRe and
wafer table 16 to secure the 5 semiconductor wafer 12 thereonto. The

With Rl ERSEG/SAR IS dPdRsbly CiiFilises a wafer identification number
(ID number) or barcode. The wafer ID number or barcode is engraved or

tagged onto a surface of the semiconductor wafer 12, more specifically at a.
ATV AR SRS PR SLTRESHRRSOIOP BrS1LF T2 AL Jrdfars reeions

offbEnfRati eslRie ot dRpR teoidentiyithe asemisanduaitipiaiitshh aich @d8diESns
wafer 12 is correctly or appropriately loaded onto the, .

he@?»at the semicondu%gg, " 1
SA TABES AS CAV Al Y 87 S APRERAHLON SY Rk SEMiEShdOEMGH RApLs i quality
oflcateehohajhelpaiedtahlestd dieisebiaingidnd hia wateniglammayhitloasdedor
fromlthe database of the %o rammable cont;ici%er. Alter at[gvgile/, the Waferf b
CXATARIFn all e PRHES e AL r SP AT Skt AP a el AL A rETSERse Fisgipnys of the
sealiesnativety, ihdewafer (hap tifyrbet prepaiad oodletivededpioonde tdpadingof12)

the semiconductor wafer 12 onto the movable support platform using .
D e e R G SRR AR, Ok (VoM at different

locations on the semiconductor wafer 12.

The steps 904 to 928 are preferably executed and controlled by the CPU. Preferably, the
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

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.
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In a step 406, one or more reference locations are captured or determined on
the wafer map and at least one of wafer X, Y translational and O rotational
offset is calculated using techniques Rfown to a person skilled in the art. 25
In a subsequent step 408, a wafer scan motion path and a plurality of image

InCAREFE40DIHARS AlaiRIcuiRiethOscelepmingt: Mgrwvafer:snap ahkiniped by the

the stegp 404 preferably facilitates the calculation of the wafer scan motion
sypiath ARdsherskame dhemvrfer daplarkd-Jostrsily pratetamigomucarcrtio 2 is
ex@lathedwalal 8RR ARQUIQACRAID Is,0BRaBEeHt ARt el @NEROfREUARIKIaNVEto

parameters. Such known parameters include, but are nat 30 limited to,

theovish Bhied QuarertigReosterar SiAPRNetetoptith WaAsehbn s, thares the

seffigpnvalasitwand engedesmesition. Each of the plurality of image capture
positions 45 reflects or corresponds to a position on the semiconductor wafer

12 of which images are to be captured. Preferably, each of the plurality of

THE36RicapduEROS NS Castdreralisr @dnasikes Uired fisingeie FniGbe STkR®MN (1D
to a person skilled in the art. The number of image capture positions can

nuOS B RIRAERLSs TdUNEE SR UBRRTRIe S3EHEHM o P HEM O GgRey fifto 2

sutifig-asf BieterablyndnetstapsrdOiahs gerdnynaed paigmaticalhbyifece of
system 10, morevéfecificall by the pragrammable ﬁontroller of the system

thg FeRieORdERIl Y4  obe I En & Sieip dA R RP IO S MRS D SRS Rl the
sewlidvtdaaid efafn altesnativespracasgorhd QdmiddsiencfbOwtTerprogragyiiakie or

controller of the system 10 determines availability of an appropriate golden

APRIRAYERE (lr?é%fié{ﬁ@'%gf?gﬁ fabell‘zéﬁreference image). If the reference
image is not available, the reference image is created by the exemplary
reference image creation. grocess 90Q as described abgve in a step 412. 15

I ST aR, AETETAPEHGH DG GBI B1 e CROBLABNE i RSP R 10

is exesmparyThyondiffic AgipNah(2 By Walésds tainingepiactnsc 00 tha siegdmhable
A process flow diagram of the exemplary two-dimepsional (2D) wafer

e g W EBCLHo0tis SHOR RT3 XS AR, A e s or

prieBswafeiseanpirgraeess thOOvafer 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.

In a step 406, one or more reference locations are captured or determined on the wafer
map and at least one of wafer X, Y translational and 0 rotational offset is calculated using

techniques known to a person skilled in the art.

In a subsequent step 408, a wafer scan motion path and a plurality of image capture
positions are calculated or determined. The wafer map obtained in the step 404 preferably
facilitates the calculation of the wafer scan motion path and the plurality of image capture
positions. Preferably, the calculation of the wafer scan motion path is dependent on at
least one of several known parameters. Such known parameters include, but are not
limited to, rotation offset, wafer size, wafer die size, wafer pitch, inspection area, wafer

scan velocity and encoder position. Each of the plurality of image capture positions
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The 2D wafer scanning process 500 enables capture of brightfield images

and darkfield images by the first image_capture device 32 and the second

image capture device 34. In a step 502-of 2D wafer scanning process 500,

the first image capture device 32 is 25 exposed. In a step 504, a first
reflbtRidRUBR- &SRB JOeis b URinakeRIRIRIoExAmRle0siIoRigldimages are

illumination supplied by the brightfield illuminator 26, DHA illumination

O QRSB #@%@h@@%ﬁf@f&%@#ﬁﬁ&fw GAPSEIS imeitiiAagiean be altered
asSepplied hyitbadonmmrnetedaudielld peninairifd Releeuan PhdhRiiSe: of image

illumination to be supplied in the step 504 is preferably determined b%/ an
CAPSIRATIP B G RR P8I S RS IR Brdrdsiby AHIAURSiFAGSM to a person

skasfiguiatards a component of the system 10 and 46 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

PreRyinas, IR AR pRACRANY A8 Y E YRR Naidivminaliops prewieenS10y more
br:ghtfield illuminator 26, DHA illuminator 30 and DLA illuminator 28. Few of

sprdilbs Ve RO RIBHATSRR SRl iTiR RS MsEY by iHiRaNaEe BapeRs of
theleripe4d2 andoghasesoperibuminaionusaH My the iNage tapiieedryiessdf

are shown in the table of FIG.19. If the first image capture device 32 and the
second image capture device 34 use substantially similar illumination then

Inthettpraughpetebstuehneanbgurmtnemsulc Resis 10 digheshef athih®ility of an
configuration%poss'ble. For purposes of the present descrjption, .

AP FatRO T S SRERCI I RIS o f EREC90 s Ke R el 5) theimage)- 1T the
refieniRatiinagoigistatoniieterding h:fthentiestilauspinatiardetheybrightielthplary

illumination supplied by the brjghtfield illuminator 26. 15 Preferably, the steps
relGnE 5 S HOHBINER SO BAHE AN dhhe sieps. 509

and 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 i e capjured by the first
A S A e SRR e Y
twithveligikRhbivigat{R Dipten fearsiani 29 piaeesd Enth pratgrably stopestirdiiww diagram

database or storage memory. step 508, the second i e capture
ofagﬁ:/%éeglg%r%;%ﬁgé quﬁflgg%/bégg)?& L SECAIYNg process %88% s%o n in FIG. 19.

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

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

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

In a step 502 of 2D wafer scanning process 500, the first image capture device 32 is
exposed. In a step 504, a first illumination is supplied. The first illumination is for
example brightfield illumination supplied by the brightfield illuminator 26, DHA
illumination supplied by the high angle darkfield illuminator 30 or DLA illumination
supplied by the low angle darkfield illuminator 28. Selection of the first illumination to
be supplied in the step 504 is preferably determined by an illumination configurator (not

shown). Preferably, the illumination configurator is a component of the system 10 and
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illumination is supplied. As with the first illumination, selection of the second
illumination is preferably determined bX6the illumination configurator. For
purposes of 25 the present description, configuration 1 as shown in the table
of FIG. 20 is selected by the illumination configurator. Accordingly, the

el SREANELIINBRFIAN 15 1R Riihillupinaten ssupplieduby e bjobramel8ystem 10.
darkfield illuminator 30, It will however be appreciated by a person skilled in
Algenaiivie threiHrepinatan SaBHEMY RS ScBheemerhridfietd May be
alternative illuminations as required, for example those of the different

configurations 30 shown in the table of FIG. 20. 47 Preferably, the steps 508
The 880 crIHEfsHises Srtfaiestisiy e sryrsraphintiensad j Bpingiensppp vided

byldnfienmvvih thapetberreame Ofithenstars 30 anMDI0iIReriaL0ANSe PERNSS the
steps 508 and 510 enables capture of a second image, as shown in FIG.

possiblqcombinations forhgdiesigiireigatine usgd by kidpage cipBisdeyige 32 and
thimagendapiuieshby the &ee9ndl & iimagecaphitd d dexices34dssaonveriethintsble of

imi%e signals and transmitted to the&?rogrammable controller via the data

Flaherdf He dUsh e praRiisp IFEi6rett ifith h oaesub iR s ey fler sy A Alse

sugiagiaa phawiag itheexpasy (eeaf thethrst iMage canth e dayiaatdh Searbefthe
the first 10 illumination, exposure of the second image capture device 34,

highesthiof stk SQBESUTAHORNRSTIREN the data transfer processes is provided
by FIG. 21. The steps 502 to 512 can be repeated any number of times for

capturing a ¢orresponding number of sets of first images and second images
FO&fHH‘é’%%%&%W&ﬁfé?%gf%%“ﬁ?%@’gg%&m@%y} ﬁfesgf’&}% 1 t‘@@ié’gffg -20
is praterablyyapealadhfiataptuoingdmages Adtaitiadisst iHeminatinonindiibe iHthe
secqnd illumination of the semiconductor wafer 12 at each of the plurality of
bR AN HBRERR 5101 T WEILP ST IBI tn as calculated i
the step 408. As previously described, each of the first image and the second
image are converted into _image signals and transmitted to the
P i eSO e S SEoP BTG BB 58 o IBTagesh kb s
S0Bastl Gothe:sibles biptie ptisipetianpedywliehesenicandusiotheaias ldage

is in motion..Thijs is to say, the ture of the first image and .the second )
OSBRSS e e B Capge e
3wviRfebscansmationimage signals and transmitted to the CPU via the data transfer

process and preferably stored in the database or storage memory.

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

shown in the table of FIG. 20.
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path. Accordingly, a person skilled in the art will appreciate that the
semiconductor wafer 12 will be displaced by a predetermined distance along
the wafer scan motion path 25 betweeh the steps 502, 504 (which preferably
occur simultaneously) and the steps 508, 510 (which preferably also occur

PrétetiBRNeRUSY)s FDe RadRieHRINRErsIsTaN shfleRRESIS P rPeeneislfagiotsep 506

includinga, but not limited to, speed of displacement of the_ semiconductor

ocgpfeim SafsHY YHEAFPLETANSToR Thth SRS tiPR Paduiidk Fsitosipenees of the
stdp§ St8Pea021® Simdidkheapradetgrmineddisiance mayHIRvaomIpied 24 by the

varied as 30 required, for example by the CPU. The control and variation of

sefqad HEVSFerAMMER Ia1EsnE )P atliabe oiEcsf So1AR RIS FRAMY Ty second
infacdlitaipeird8dAGeOrdingly, dbpviistdmaae withhavasmpedaterningditieaoe the
offset when superimposed onto or compared with the second image. F

IG.
ProgRRIRRbLe a0t Vit e GFthe T SmBRS SR Ptk Reserallimalgeed in the

d-gnenstatingd estiitng.image offset due to the capture of 5 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

Aliniteshichspapdied digagenemofithe sapicaptistasvaien 12upn@hee first

...wafer scan motion path and timg required for any one of the steps 502 to

illgHunatGRy SKRAN R thtidR SPERRY JradesteTRitEY 746 dfrsStRRLY Bk hesssend

illgnenafisafinaraodmanuaiyfpeiitated id privialalan 314, XY, enecegs\sUnes 512
are retrieved. The XY enctoder V%I%Jes are preferably obtained at dur'éng ea%I%
cagyp LoREAHR 55X DR O Brars IR NG AT REHRr DR S UpRRrEaL Afts of first

infagsitions (X¢rilisplagementofdhnceamiconduster waflroke elenigithryvatersteps
SGEEITPa,TIe X crcpder ol abancd . od I cocdlng, o,
setpR@dlLminelRive Difsetahitiaseconavinagrimndtie drsthimpellinyadiemage
i e e plSeys caeulice bperomg b clinage
_applying a predetermined mat_hematical form_ula on the coarse and _fine

R SR raemales oyl e SR
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
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
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.
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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 ca fure positions along the wafer scan

motion path. 25 In a step 416 of the method 400, an exemplary

two-dimensional (2D) image processing process 600 is performed for at

least one of identifying or detecting, classifying, consolidating and storing
Agroreingyin el Sshimasatatb Pivarariodiciried s afitstayesr theerimposed

orR¥ IMBIRTY 26 VARG BhRr QGRS B AV OCERS. 600 EhSROWR dbliodadaadR 49 the first
. Exemplarv 2D image processing process 600 The 2D image processing

imggscald Bisoseseiifatnass deangonmecintiges Ragaetish e o tha stapure of

thSEARNING Y A68 IRSRQ oHY s BIOWhiNeRD IAaM PiOERSHHTE AP EERSHOGN. The
facilitates at least one of identifying or detecting, classifying, consolidating

predefestBingg Bra8ref{E6h dRreadim R atieRd (st ioclidinge Ut bispted to,
splBAOE PILLSSINGPEPERSSGRR oadiigbVRHRY IMagRdSRelestadsand nleadedath

in a memory workspace. The first working image is selected from the number

ang tHR&: firriled dRE REEY iflathes S5t tha 'Saveandiahiiy dhyesstignsef the

prégateniiig G Ragea TS dr alap P asraRiciepreTani desarptien]ectiisited.
working image represents the first image captured by the first image capture
device 32 during the 2D wafer scanning process 500. In a step 604,

Insulbtgpixel alignmenioatthelfiisd werking:irn@gehs Rarfernoied: Suleixet gRferably

alignment is performed _using pattern magching technigues using one or mor
Ohf@»mﬁiq;?ésdwg GBFLRMBELER o SPBinaly Sfﬂt%é@%&arbeoﬁ%&n?&ﬁiﬁeava ues

repRYSIn posiiehiny Niethrgmcéainge) alignrdsdaicteactiitensly for gash imagefer
is calculated from o r more predefined regjon of interests |n the image .as

SR Pl B0 oGP SO SRS BBt e 01K Aok (e

of B2 A (USIREOSHSSINBeok tae firstindikiagd mad thdseashbenibea@dilyelative offset of

appreciated that the preprocessing.is not limited to afé)ove steps.. Additional
G OB OGP LTl P RS GhebRRbtling I MEBALaRY ot 15 Caculated
by performing sub pixel image alignment using pattern matching techniques. The final
offset is obtained by applying a predetermined mathematical formula on the coarse and
fine image offsets. The predetermined mathematical formula may be adjusted as required

using techniques known to a person skilled in the art.

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
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.
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In a subsequent step 608, a first golden reference or reference image is
selected. The first reference image selected in the step 608 corresponds or
matches with the first working 25 |maé§ Preferably, the first reference image
is selected from a database or collection of golden references or reference

EXBAASIER, TBalRsR Fieexampratedehpence creation process 900 in the step
412 of the method 400. The exemplary reference creation process 900 is

Thie2RribagsPeRacirasdvec et SR RIdracsssng R Hlutdpeags, captured in the
2 upRtdlvendala Yabiessfa0eagh pEkRMheErsDVAKNIRY PRREGSAE process 600

calculated In a step 612, the calculated quantitative data values for each

facilyiaiest fhdeartis WdraRng Y seissiibre lassilyittea Sabdatnmand storing

deRtesbrlthy alag dea@ibe Witlfernpltiplicative or additive factors. In a step 614,
the first working image is then matched or evaluated against the first 5

reference image selected in the 608. The matching or evaluation of the first

InasiksingoIMaFgEWith foe fostJa iRy preeineae faallisasidatertionas selected and
identification of defects on the semiconductor wafer 12, Preferably, the CPU

lopdlgst dBra TR YoP BFkSBARY J&&ﬁ{a%aaorma&ﬁn?@%&vﬁfésﬁ%ﬂefrmet%ﬂaﬁ&er of

fiknagR@iddne Hesbralarenes ingea<dimdrogammaale aenuollermeietabling
carries out a series of mputmt? jnstructions or 10 algorithms for matching

PrRFESirdi WAPKIRL AN QG AR 8 ?&?a@r%c@ﬁﬁg@fewarmgew%m@iﬁ@s the

firdetgciiencaptdentiication Qf dafeets gnikedsersicondueias wafeDlvafer scanning
Determination of presence of one or more defects occurs in a step 616 of the

PI3¢5Sfage processing process 600. If more than one defects are detected or
identified in the step 15 616, the algorithm would sort the defects from the

Iar est to the shortest based on |ther one or all of area, Iengt wid
{Fé?s O‘E rﬂfj’aBlhE &R etli‘ﬁef O R s e T @E}Fﬁﬁtp g pixel
al@@ﬁﬂﬁﬂﬁ@ §alﬁﬁiﬁemhmﬁg)§ﬁtdﬁfeﬁﬁ$cmhg:Ifwhﬁe;ﬁdsssnfgeémdr@ﬂ@eél&rﬂplates. It
. calculate defective regjaon of interest %@ 83 If a defe t(or more thﬁ%one
t

IS PEFLRLPTL U B RSO P ARG AE &Y th %aﬁ B8 DAFRBRdeRs-
M\éafeihkﬁdé thefe&ﬁ@amu@iﬁ@zlrf(ﬁ stephbiBagyr eiferadlbulﬂn@iDM i®ne or more

ated dynamically b CPU in th 618. Th ref bl
PN O DS A b ERABL A S Her o e Sl 606
may beftwHee)iferyendbliog tharcal putpiioreofitlgeoD RO Ifirst working image. It can be

readily appreciated that the preprocessing is not limited to above steps. Additional steps

can be incorporated for the preprocessing if necessary.

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

900 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
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In a step 620, a corresponding DROI of a second working image is inspected.
More 25 specifically, the second working image is the second image
captured by the second image captur%odevice 34 during the 2D wafer
scanning process 400. This is to say, the DROI of the second image (which

witlagoriaapondingdrepgeQf harirst FRABRkISHIASPEESHIR tRalReR &ter with
after performing sub-pixel alignment of second working image. The

myldpledidyr o DR HU?the second working image preferably facilitates
confirmation of defect 30 detected in the step 616. Further preferably, the

step 620 facilitates classification of defect detected in the step 606. 51 The
Inggtish 46 prbEclEd sSHREK IR ANA8H tiiet et dRH sk RigSHRMEEhagupshithfefirst

reRbiGe IMAGE. Jadeition die hEssteRbiatdhihers: isnadatecbiourdiiibe working

method would skip the steps 618 onwards. This will further reduce the

IMagt Mt 426 HSESSFISRSESSMSE FReiiShidetrriRyQy farpibeaiiamefiAgects on
thE8ERNELIRIKINGvIATRH €2 ItPeaf BB lte askiy RPPIEsiB e ahiiald FUEBffateig@ntomated

processing sequence dynamically decides based on the results of precedingrh
(

majehiae TRIEWSATaftatl thn pYoUEassy Lhesr 1 6% rdligh Bttt o HEiRIES p dMASEr.
prizasiapie Zotheotetesterddbiectaiosesspecificady tredoeptiononResitoansf or

defect as, 10 well as the classification thereof, is saved. Preferahly, the

al gpuithnasf ol paricung %ﬁrat:&i%%?%mawﬁﬁaﬂ&fﬁ%rs@ﬁ%cgav@@?ﬁqﬁaereby

endBlalBiasecaicien CPldetltRrnadivelydéhe idletattestAirtentivrns therdegation and
classification thereof, is saved in an alternative database or memory space.
15 The steps 602 to 622 can be repeated or looped any number of times for

D@ERERESIRG hepitlages tfapieadnbidng thas26 safah ScaapisgasoersS Blthage
Each. of the ima captured during the 2D wafer scannin ocess 500 js

Sk e et S e N b

6 lihelsietegsiomef weltdtsorviekidnaysbopiaienir g the benhoprdusiosvwatasither

12. The steps 602 tq 622, and the repetition thereof, 20 facilitates at least one
ol RO o R A i S ERIGFE B T iRy Bbeh amone

otheasdhirtritie: sepoic o uetertwaity hdat drfycnd thieichulitele inagefiapdweteria
positigns along the wafer scan mogﬁ th. In g step 624, each of multiple .
O R G GRS LT TEb B R th e (O ore ha e dects) i
detected or identified in the step 616, DROI on the semiconductor wafer 12 is then
calculated in a step 618. Preferably, the DROI is calculated dynamically by the CPU in
the step 618. The CPU is preferably programmed (i.e. comprises or embodies a series of

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

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
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.
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25 detected by the 2D image processing process 600 are consolidated and
saved, preferably in the database of the CPU. Alternatively the defects, and
the locations and classifications there%]f, are consolidated and saved in an
alternative database or memory space. The 2D image processing process is
preferably an automated process. Preferably, the 30 CPU is programmed
for, or comprises a series of computing instructions or software program, for

The tgptemcHip sty B Ob i dbe IRk Singpid deage Ardgvbcsatire

inthe: 23 iU RIRCAsSIRG Bsesmeraysas fasititated Ry ar alderst ©Beld skip the
manual input as required. Completion of the 2D image processing process

steRstdPusn eakpsa TSt Wl Aethgaradiresthesime iR icieltrsioh Mnacstiagend
widtdlateatsl aRdibelenationRssasshelassifiaatianscthetanfbeetagiBtappiosiial that

brightfield illumination, the DHA illumination and DLA illumination. In a

sughpEuglgsnL e 998 BB IS MRO LHBRME I desifitiaRpiflesmithentds of
pré3BIinkGaferseannimacRiete sspie0ds pattermedaBigiarably WAy gedBour.

wafer scanning process 700 enables capture of 3D profile images of the
semiconductor wafer 12, for facilitating consequent formation of a 3D profile

InCf 0 Dichadutiarivaiesct 2mbhe sproHtaNgUEOTovwaiet 32 6saiRplagatkfect as

along the calculated wafer scan. motion path for capturing 3D images of the

Wb rAtc A asTieaken Sherstly ShaasFthdree Bty mihG s rrigded dsupad she

lopasitiansl 2lasgfibaiviataesseniation ipatt astepiculatercTHhe teprAfididy, the
process flow diagram of the first exemplary. 3D wafer scanning process 700 .
dofedhd At e é%milaﬁgv%ﬁlwaéf%b%%&gfo&gwgo%a&ﬁl@ﬁmaﬂve

datAbaf dhendomadphscanning process, thin line illumination is supplied by or
20 emitted from the thin line illuminator 52. In a step 704, the thin line
illumination is directed at the inspection position by the mirror setup 54. In a

Tlauhspe|6eDttstep2/ O Beerépindidedit lsopration;iausfteetetthiidhéor processing the
TN O T, O TR -
dusitpansenitod Wt gltdhei D prefies objectivestensfidhithhbas abetratidsmory
wg&rsrggctee %rllg i;?r]c(i)gietg/s’ei(ril &7 &%Qiﬁt%talhgrﬁ'fe'sgéiggti%% 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.

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.

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,
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of the thin line illumination through the 3D profile objective lens 58 in the step
708 collimates the thin line illumination, 30 In a step 710, the collimated thin
line illumination then passes through e tube lens 60 before entering the 3D
profile camera 56 in a step 712. The tube lens 60 preferably 53 focuses the
theafimaigstthiadingidl prnaiomantedrcimansl wpiiratnlane adhgadlhl input as
profile camera 56. Thin line illumination focused on the 3D image capture
regyiisd-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 5 tube lens 60 facilitates ease of introduction

Conplstion ebMpateMisr REeesSHieRI R BRAREhe St &1QE Msxpthod 400

refQ&tiphigchascisaeaniisurabiesyof sheisfodprotilel ¢ReRIefOn A s MiRuFi¥ations
mentioned, the thin line illumination is supplied by a laser or broadband 10

thewsef oftie sttt oiiSofr it WAt tniAn iniiimBREen and DLA

ilpreieradly directed at the inspection position at a specified angle with
reference to a horizontal plane of the semiconductor wafer 12 positioned
thereat. The angle at which the thin line illumination is directed at the

IniRspRsiqicpesidpimpseid By ot e, asiedwkethpRiRgtHREMIGIYES KQWHD)
tq a person skilled in the art. It will also be appreciated by a person 15 skilled
W?ﬁefr%aa{}?%ﬂﬂ%e%awéﬁ@ﬂ%fBFffWé"tﬁﬁ‘?fﬁﬁ%’}ﬁ’uFhﬁ]f&fﬁ%r?ﬁﬁg? & YfetigProcess

708nhbaEicehpasrEasTUB Grifigdaraiiys thedw aaghendiveavelengthl of tae tnitating
line illumipation is selected for enhancing accuracy of at least one of defect
CO&é?&BﬁB%FW&ti%ﬁ? éPdp‘Eﬂﬁ%%ﬁ' FotTEOPREGPE M’ njnae’(gg bs éﬁ‘ﬁ%féﬁéa"tor
witeimag & sispls andivansmitiedciodke GREIn@steptiohe phthafsiepaphdithesD
. first 3D.image is pr cessedaapylﬁlf%e CPU for at least oze of \’:’»IZ)1 .E]eight
imgesliig, SCBISPUR TEHE A g ABleEHR g aRE AL Y e Riees capture
posigdasanbnhestepfer Qo adathesentaikckany therslprdofRlimeasdoess flow
.capturing a 25 corresponding number of 3D images, and for transmitting the
T L TR T P P05 b e pBa ot

either at selected image capture positions along the wafer scan motion path

or the whale wafer. }
Exempl%rv%% wa%r scanning process 700

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

directed at the inspection position by the mirror setup 54.

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

collimates the thin line illumination.

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

defect detection by the method 300. 54 Such inspection provides details 3D

fobugolpgicalciatals shichiGRPANAI AR AHeT Y emagdimaensienalIsHU GRS 3D

such as solder balls, gold bumps, warpage of individual die as well as whole

Profilferaspretérabin it Bttt tdpereed aRdhe pRtitBREtFuREE, RIfne cnables

capteResing ffs8 B IMpaasarensavedt ihthedatahasedf WeePY in a step 714.
Alternativelf)g results of the step 718, and ret{ftitions thereaf, of processing of

Colpmstigyeatdhs SipdimilrminationRe uerahs BPrEl ol epiicales 58 and the

tubRWIRd 68 0fANIRXRIRIAY SecanthtierRtiBenyanal RihvaiiSeanitib&sories
process 750 can also be used instead of the first exemplary 3D wafer

therehi e hroRessabls. Frxiblsieariusningnanst drs AUEHRERP sy 3B profile

camafgrsgcanning process 750 is shown in FIG. 25 and a corresponding
process flow diagram of the exemplary second 3D wafer scanning process
750 is as shown in FIG. 26. 15 In a step 752 of the second 3D wafer

ASPROANGIPracesA&L), thethnlineiilluiinaion &2sspplieshindire or broadband
illuminatian. In.a step 754, the th e illumination is directed at the,

in lin [ (
ﬁ?ﬁgrf@étfoﬁ%aﬁ%thoaysmﬁec%r%f’éésmm 0 bR e P dtiBRiRatem Ry, R iErably
digdternativiedyinkpanbrasosi oSt aspestiyl ah @ dWathnisrereat P s ahoetint20lane

a step 756, the thin line illumination is reflected by the semiconductor wafer
ofy .%?ﬁﬂ“ﬁ?n‘égﬁﬁfﬂﬂn‘ﬁ' ﬁﬂ@r@&%ﬂ%&?%@%@micﬁmgﬁmﬁfm&ﬁ&%b n line
illtefieateshin difereatadirrcitpscdengditiomn tefstitace pradile Qf ihgiired using

semiconductor wafer 12. For example, structurgl and geometrical vayiations
RSO B WG, o Bt i 1 o RGP, Plogerson
skittflie giechbythehsetmiconduriortwafems 2iimdiiferghinliratbanaa(obeesyiésed, and

known as dispersion of ijlumination), Depending upon the surface profile of. .
Vaﬂllfé(()is a5 eyl tEF é?&lylg!l?h ?g%'l%%:lg dVﬂ.]\lzﬁllﬁl??ﬂ%{% of the ann ’ilme illumination is
selected for enhancing accuracy of at least one of defect detection, verification, and

classification.

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

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

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

along the wafer scan motion path or the whole wafer.

Preferably, the first 3D wafer scanning process 700 enhances accuracy with which the
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.
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illumination from the semiconductor wafer 12 can disperse in different
directions. 30 Dispersion of the thin line illumination reflected from the
semiconductor wafer 12 in multiple dir%%tions can make it difficult to obtain an
accurate measurement of the surface 55 profile of the semiconductor wafer
Sub®- iy tbesyaisd ihadisrerpioncabiai dinecthuninatieaprilesiodfeahtbethree
.semiconductor wafer 12 in multiple directions can make it difficult to capture
dimepsional sYRUEEsSBE e soldicoRtiliotsPIaPermps: TRIPIHeEdNdridhal die as
wélispersion aftfae thin line illumination reflected from the semiconductor wafer
12 in 5 multiple directions can result in inappropriately reduced or increased
amount of thin line illumination entering the 3D profile camera 56, and
Priferglly, inctnRCaPi 8teh dIrBMaH QbpbHEHIE tHINBEE DFPSREEHURNL BT Mifficsttare
to derive accurate measurements from images that are too dim or too bright.

sayed R ditg Rt gt fofdbtatisnativelratesulif aldhp it ‘Jfnd repetitions

thERBNCONSHGERE WAL L2 isiaesi magescthal A aliemaliealatapabéighind@dispace
line illumination reflected by the semiconductor wafer 12 is received by the

‘assembly 80. More specifically, the reflector assembly 80 is
configured for capturing thin line illumination reflected in multiple directions.
Preferably, the reflector assemply 80 comprises a first pair of mirrors or
AR SSHERBF YL 8'6%}68?‘8{??%@%} YRI5 SHOHAS RSty 78gcan also be
useefipstesttbindia g it exinapRmtravels Al Beh v @ plisad e aths, Tharophcal fitst path
optical path via, or as directed by, the first pair of mirrors or prisms 82 and a
Of SO BRI pEiANIa Br M& e BRI RIRE e chml laa%ﬁ@rvmwo?é%r 2> and a
cobréspim Ghe [ bradisoelondsiesinad it ReEsoplakiltecoindtBD art thaddheieflpesoess
75;ﬁssembly can t:#e C‘goggigured for directing captured reflected thin line
HARARSEBWRIBAJS dftferent number 20 optical paths as required. The thin
line illumination traveling along each of the first optical path and the second

optical path passes throygh the objective lens 58 ipn_a step 760.. The twa thin
I SR Ak e YA RAPSES PSS bR due 1B 35 qyaminator 52
supplicvatedl 1ihbdlfistiZaipairiafarigerrar piisims Siaaiththaseaonddiaicted at the

._mirrars or prisms 84 are preferably, s trically positione . .
1nspec‘910n pOElthIl y are erc)tor assen){blyy g&mlehe re%l%tcpcor assem%ly 80 is alternatively

as

known as a prism assembly or a two mirror or prism setup.

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

(otherwise known as dispersion of illumination).

Depending upon the surface profile of the semiconductor wafer 12, the reflected thin line
illumination from the semiconductor wafer 12 can disperse in different directions.
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
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In a step 762, the two collimated thin line illuminations passes through the
tube lens 60. The two thin line illuminations then enters the 3D profile
camera 56 in a step 764. The 30 tub fens 60 facilitates focusing of the two
thin line illuminations onto the image capture plane of the 3D profile camera

profild-eeusingahibentmerthinime: illuminatgns optrdhie ke #9pEiSAPHIehin line
plane of the 3D profile camera 56 enables capture of two views of a 3D

illgppripndgaestan dremntheorsaricendnaipsriaish 12 diapiBladitreiiRtheansmake it

ditheuefle dastarsetebivi8 B BhendisRessignR QEiiedhindtoe WARINALoMi$ is because
reflected from the semiconductor wafer 12 in multiple directions can result in

thedispreyemeiyhe ftivding diepinption spsador esmthp SSTIRRARIA eEsiny In
miMEpRDJipsetild € ameia b iR PRI dy GRAUMR] O IRagasethaho R {te Wil line

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

gt SR SF B aImP daBls I5ABNKE Eaf i ehy et FAREDPrommgT or

bri¥hfeeasupRMeRp &ftthe purfacei Frelileto Hedfdhecenicapsiistonstaferoh? images
The ability of the system 10 to perform the second 3D wafer scanning

thifr geedeo74en SndpteSrienms SraiRe etk o tHie ¥h (Brotaibrhgccirate surface

préfimiep G Al b2 Wkl 2 Singeniydsdgesaptyreiseeeoitighe two
views improve accuracy of the 3D profiling 15 or inspection of the wafer. In

addition, the use of the two symmetrically positioned mirrors or prisms 82, 84
TiaRakies illuminaiieon reflecied Fprhthessiruaancdetavarafanls ircifieeny the

irections to _he re-directed for capiure by the 3D image capture device 56. It
reliffitee m&a@%é&bwﬁ&%ﬂﬁ d fﬁ%ﬁs%tﬁ{aﬁh egPoesaggaﬁwéofor

cagaiting thanfigureniioingiiactagdtieminatianireleciectitiom rhesaepncanduetRttor
wafer 12 in 20 multiple directions (for example, two, three, four and five .
oS B A RV € T 2 b DA A A APt pirors o
prid@wceISh 1atepcrive ivestievsof line sameratiilaaliwataosgexistioptical paths,
equipments use expensjve, bulky and complicated setup by using multipl
3Rl CAROPHGRAIBNSY B 5 e R RS M P T AP RETRT S eb i dnd
a $aysndoopatgiopsistent!yr ek dirit @by dete srvoed pay pathiiodikeompitiipie 84. It
i e capture devices. This is. tg say, the dispeysion of illumination due to
W‘ﬂ:ﬁ%w‘ eéﬁaogge Phé‘tr?@é?%ﬁ%ﬁb X Qﬁ?eaggljlg e”a? gg'ector assembly can be
configured for directing captured reflected thin line illumination along a different number

optical paths as required.

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

symmetrically positioned.

In a step 762, the two collimated thin line illuminations passes through the tube lens 60.
The two thin line illuminations then enters the 3D profile camera 56 in a step 764. The
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
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semiconductor wafer 12 typically results in inaccuracies in single view images
captured of the semiconductor wafer 12. 30 57 To overcome the variation of
the strength and weakness (i.e. the dig ersion) of the reflected rays from the
semiconductor wafers 12, the present system 10 enables illumination

infgglesipelfeoplathesTamicon ietile walesrd 2 feslHirEg Rb iR UANS/ B R8ws of a 3D

captured by the 3D image capture device 56. This helps to improve accuracy
prfitmagrdtiity ssiREOEERIafthe SErictRAlRGor 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

Wby teeuss afsthgre e saidait heifbiectsion oEikedhihidneadumpation
refiBieslivadensthS apehicthriiens 6Qfer cRPtuRing AMHiIDIIiRNSRf 838 result in

_ semiconductor wafer 12 enhances ease and accuracg/}of calibration. 10 After

N RFNERETOF SRR CEBH RS 3Bmake stiRAig Hveuaatipgocstariee the 3D

pro|EcORANR¥L Pl aai Bihyyaber SCABPING PGSBS thallikedstaniedaedoctsight
and the locations and classifications thereof, on the semiconductor wafer 12

regifetiely byHSBHBRERFIRORSALY A ddach Tdhansp lrrases BsBfdapdim of

tod bei ganselieatinnmithadeiests 3@neriTRIAD lOCadans @nehelassitiGations profile,
f}{(}}Pereof,,facilitates calculation of a review scan motion path in a step 420.
(6}

ERFIHIONHEPENEF'sEAn motion path is calculated based on the locations
of defects detected on the semiconductor wafer 12 along the wafer scan
mcgt#oﬂ{pat . In addition, defect image capture positions_along the review

It Sh PaSIE PRI ate PSIoGR NI tAE Staich s2RHaG 8rasess 750
endBRYEc SR 6 PesitiorRsvprefarRbiDCprsEsp @fd0seiticthdloratiwateONtheing a

. semiconductor wafer 12 at which defects were detected (i.e. the. DROI of the
ST DA TR A3 ek s TS SN R & HRE W O 2y B By ing
orespuetasy methe dwhle:. an exdinplaryheviewqiracess 8G9 ismpettarmesbsithaed

review pracess_800 enables review of defects detected in the steps 416 2
b R R A e
inridtleciOdacaisesanbinedd8oeh and apthirdbyoseBDDaageprgeessdiaice 56. It
wﬁpgg 1?11; Q%t%égrgglg%err%\ggvsiilled in the art that the reflector assembly 80 can be
configured for directing illumination reflected from the semiconductor wafer 12 in
multiple directions (for example, two, three, four and five directions) to be captured by a

single exposure of the 3D image capture device 56.

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

of the semiconductor wafer 12.
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process 800 is shown in FIG. 27. Exemplary review process 800 30 As
previously mentioned, the review process 800 preferably comprises three
review modes, namely the first mode%OOa, the second mode 800b and the
third mode 800c. In a 58 step 802, a review mode (i.e. one the first mode

TSRR:dbRSeRONhMEeda R0Manedhemthind MRIRNB00¢) is arlegigthr&iial of the
Mode 800a of the Review Process 800 5 In a step 804 of the first mode 800a

reflecird rédtew el S661 B RGE hd thihes QEBHA NN D of Q11 $Aables

ildefeetfodetenteebduiiog the 2neaeuRIBERSSIRY PTogEe asRPEhPEHIIdRd i1 be
the sten%gw of the method 400 are consolidated and saved. In a step 806,

capiured iRoIiaeR dAiEsvantirstdmvaties GndMie AP iffaljRRIBY thar gttt 3D
préflidpteateth ieinssemitoaduetaidiataridareunnadedomtanatesiaetie, afbre

external storage . or server for an offline review, In a step 808, the

speeiiraditherdPuiareger S pterede aes i AshrIbABERS SN R pagh ¢hHiciency of

thwafefelable. 16)riadtHeadereansdiaysesord waiesis dopdaddmem thaiwadaigle tube
stack 20 onto the 15 wafer table 16 by the robotic arm. In a step 810, each of

leps 1858 G659 (11308 RSHNp SRS A SraPthu e I PR Caipiiring JRus Rl ¢o i1 of

thakesramantphweReatechamcsyabe sl iroescgeadingtmthe number of
wafers of the wafer stack 20. Repetition of the step 804 to 810 results in 20

consolidation and saving of the first images and second images obtained for

Afachonpietioh tbe thafersstackniflagneDhe ifptoadingnef freciest Tomgestanstcond
the second images, to the external storage or server for an offline review. It
e"\%ﬂﬂpiaé”%ﬁb)r&ﬂ acwga%ﬁ%@daﬁgﬂ?edsﬁ% drleirsaRibiis sgdons and
clangilesonyteinriat] perferataicenaitier sieps 804otaB4& vithetonaad: fale steps
ser interyention and wjthout affectin oduction,. This method ajlows 25
Thiowthpikihon ekl dirt el o A S R
loddiisnineihethRifieases sjistest, FRcuilization asanell as pProdidotiviyn Sremndpath

. Mode of the Revjew Process 800 In a step 820 the second mode 800bh,
mélfst‘ﬁg ;&22@& FB gst 66?\{3{%&%%%‘[}%"% 18 Ca?cul]ate(? %ase on the locations

of defects detected on the semiconductor wafer 12 along the wafer scan motion path. In
addition, defect image capture positions along the review scan motion path is calculated
or determined in the step 420. The defect image capture positions preferably correspond
with the locations on the semiconductor wafer 12 at which defects were detected (i.e. the

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

In a step 422 of the exemplary method 400, an exemplary review process 800 is
performed. The review process 800 enables review of defects detected in the steps 416
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

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
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30 images is captured at each of the defect image capture positions as
calculated in the step 420. More specifically, a review brightfield image and a
review darkfield image are 59 capturé at each of the defect image capture
positions as calculated in the step 420 using review image capture device 60

st§N80N i FekGelAmbRIS (8L0ctRY B BRWNBHE HBieAd (38D HS IR BEIGOTIEIhd the
illuminator 62 and a review darkfield image using darkfield illuminator 64 are

thigd proksaSOPebisHelertid detected by the 2D image processing process 5 600
of the step 416. Each of the number of review images is captured by the
review im pture device 60. Preferably, each of the number of review
196 S0 ReMeueP16e88800 nderstood by a person skilled in the
Inad tstepogideskwithfihg giselosuoa of the rdGiRresentaescoptrntRatmieasiiasthe
of the brightfield illumination and darkfield illumination used for capturing the

sepPRthiffAa e 0letliME JELesHu PRI FYEDRW G MR RARSS BRI EnREg s 600
pesiRIgRRng ehanebyariech ameaavired. 400rLxaomlsidiedinanaiias of
illumination used for capturing the number of review images may be selected
based on type of wafer defect the user of the system 10 wishes to review or

Inlbshassdnnhh esnuedatefsaniseadusionaierahd. dslsampassifiento defects
capture multiple . review images using vaBi)ous combinatiogg)}and various

AR IOGSRMYFBRUIIRERY 2Rt | AdrkHP AT SS90y U GEISIH gorage
orSian 333y the NUiMbRKfweview images captured at each of the defect image
capture 20 positions as calculated in the step 420 are consolidated and
saved. The consolidated and saved review images captured at each of the

Indefest SvagR-caplitendasiions kel thar. upeadedttecthe @xiecnal wiaeage on the
servey for offline review in a step 824. In a step,826, the semiconductqr wafer
WA RIS L AP WSR2 BrOFD DB IBR S Bt J0 ont the
walsloatrdlarg atzeebiat semictndyeiprawafendh?ds taasiepssom iheosvafespeated

f stack 20 opto the wafer table 16 by the robotic wafer handler 18. In a step
0828 SELU SE steps 402 to 422 is repeated for the second semiconductor

wafer 12. Consolidated and saved first images and second images of

f n th n micon r ril2 ar h
TS SIS S Soesnl P SmRnr s A 47 BIS.SPRAdeAS feune

number of wafers of the wafer stack 20. Repetition of the step 804 to 810 results in

consolidation and saving of the first images and second images obtained for each wafer
of the wafer stack 20, and the uploading of the first images and the second images, to the
external storage or server for an offline review. It will be appreciated by a person skilled
in the art that the first mode 800a enables automated performance of the steps 804 to 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.

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
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30 60 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 3tack 20. Repetition of the steps 820 to
828 results in consolidation and saving of the captured brightfield review

capageseal idarifieldeviandnaapnebiined ioneash viater i aldhRwaberusing

stack 20, and the uploading of the first images and the second images, to the

reWeNsrHAPEEOFARE S SRR FOr showhiite FLiddy. TS ih ittty SIsavicvohtisditisld
inRERAUsHRN WYRIRMSE HamPRERrEROiiiMe reMew, of SRYREI IMAYGESusthS darkfield

method allows capturing multiple images of each defect at various 10

ilppHmBiRa A AIEARIMERIOAS FBFToARIRS Etestetipole A diRg hR4erssing process
c0atibzatiens@pc: igIPPaVR S Pr@dUGviE:: BiidWadenBRs of pReuay the review
. Process 800 The third mode 800c of the review process 800 is preferably
gt By 8 VS A0 PHHSHBLY MG dpeifuamea iUSY EBRgsTalid splored
infesuser. In a step 840, the user captures a first review brightfield image and

a first review darkfield image at a first defect image capture position. In a

step 842, the user manually inspects or reviews the first review brightfield

It iWiagscandiéhedos e vigerstar kitelid dmade: captyredidRdeiarahhe Hiscftsire of the
review brightfield image and the first review darkfield image are displayed l(zn
PreseptedRSSHBEMoHdr BIRAIRRLAG VP THEBEEbN HErEBHgY i sdprkiicld
illiMendgeh isaddertd \uawihey datedrahdifiederdvlbiminaiion comiaatndisihgew
. the brightfield and the darkfield illumjinatar. In a step 844, the user either
mﬁl@@éﬁ%%?%f?&}(s BRYe 5 LISt Vs sPontRRY - 25 heKpaple. the

inf@fectdmagel el PAsIEO ol hasians8d? tauddkearetheriseduentialihay be
epeated for each and.every defect image captyre positions as.calculated.in

sl T30 nRBE (b G S0 B e iRy P2 SagA™ o

basedl @vely defiechindgemiapivietposititursl NAsitivel defretsbin ebtogiture multiple

classifications .are then consolidated and, 30 saved in astjg 846
éﬁ%\% it

. The
reUISMS SRARTS HSIRG YAVRY SOTRHERS AR YA s P SHSOf;i%Engg}-?ld and
dadipfiead ad, o teansiestes thdhgeexternal storage or server in a step 848. In the

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

uploaded to the external storage or server for offline review in a step 824.

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.
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.
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61 third mode 800c of the review process 800, the semiconductor wafer 12
(i.e. the current semiconductor waferé(i on the wafer table 16) is only
unloaded after the completion of the step 846. Accordingly, it will be
appreciated by a person skilled in the art that the third mode 800c of the

InBMQU PEAGRSE SO 8 HRNUNLLBUSEIsIIeS anes dgysaffecingineadpdsuptated
inspection or review of each wafer. In a step 848 of the review process 800,

anyn sumhs8himabrdrasasing ok thadwmhene! ssmicorthies ipdser 2 26 hmwater
stavRfeD tablgelBbis sntaadeshanddhe wiptisswaieh RansbeidatBihaneads of the

second semiconductor wafer 12 onto the wafer table 16 from the wafer 10

capiyrsd Jyiehteldeisyignoiir easaarb Jasistdd i nimasses shinmed fupasingter

ofQRhe fesnRerof semicengusgnywafale Iiohedaspeeiad (e6ondmBgs&f to the
semiconductor wafers 12 in the wafer stack 20). It will be understood by a

exiinad Sterane Pt Lo LAl PG Lt 58re provided by the 15 description

above that the first mode 800a and the second mode 800b of the review
process effects a relatively indiscriminate consolidation, stor&ﬁlﬁ and,

This msting drovs sertauhagEults 08 Bl HsPErmee raglineryiapspf saved
infede §00a anechthe speaRdcipadmBOnhiigneeseRtasitomated ravewy at various

processes. The user is able tg access the external storage or server for |
CogHnatiR N S b faref TGy ‘ﬁ%va‘ﬁ’&y}\%%ﬁf%m%eﬂ%a‘flﬂéefiP&t“f@“on and
infhedesgidawrngithe second mode 800b enable continuous review of each of
the wafers of the wafer stack 20, or the continuous image capture,
consolidation, upload and storage. It will be appreciated by a person skilled in
Thivd MbdbBooh b thalRaliese Pesteyy 80odes, namely the first mode 800a, the
second mode 800b and the third mode 800c are described 25 in the present
1o OB FAISH SRR S Erhy ey BB & Trual
inpliQaasEespetiditiare ahpepmuiatonsnanddbnkivakien 3o iepkepstbé asatcabtures
e three review mades 800a, 800b and.800c¢. dition, it will be .
o Tt g L ek e AL GB R Dot image
caprotepBaiiia, 180OBEapd SN0k mayebenanod fie dnopeaiese dascres tike dinsing iew
brl DI INpe and e st TEview CATKel Tage captared Preterablyy he Hirs

review brightfield image and the first review darkfield image are displayed on a screen or

monitor for facilitating visual inspection thereof by the user. The user is able to view the
defect at different illumination combination using the brightfield and the darkfield

illuminator.

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

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

After the steps 840 to 844 are sequentially repeated for each and every defect image
capture positions, positive defects and their classifications are then consolidated and
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
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After the performance of the review process 800, verified defects, and the
locations and classifications thereof, are consolidated and saved in a step
426. The verified defects, and the loc %ions and classifications thereof, are
consolidated and saved either in the database or in an external database or

thREMGHY SPEERL The Aty Frapcls 360, URIMBECEhHIR BleRaRALE (A8 the current

previousl%/ described, each of the captured brightfield images, DHA images
q

SCEHEPPAUSIAMARES P compardafititlcoiesiingleslad Herdhenzamy etion of

théedrieras.imagsdaigidentiingonpsiasting vefachsepntRRiBeMIAARIUSFIOhat the
wafer 12. The exemplary reference 10 image creation process 900 provided

thisg) tadsRAUNPIHDE AEHR Y LRSIV TSSO INYQU et E PETERGS {QsetTecting the

vislenvaspisbchieierenegcimages. It will be understood by a person skilled
in the art that the reference image creation process 900 can also be referred

to as a training process. 15 As previously described, each of the 2D

Inbiighifieldgraages réliciHideeag 8802 I Otdnikpagesaanifted dyiiegd the Ritent
wafer scanning process 500 are preferably matched with their cqrresponding1
er

SeRRRRRIRIgERES Eretdbenyates rhlsdALL iHlopsled i Fakels vaaey b

1 SAREXRIAP Al ¥ GNP EISADRIGERTSHE I @A hh e[ Ihaewith the2RJmaBe wafer
processiq“gﬁ process 600. However, for iacreased clarity, a sumB%ary of
e

sttt fling BetiRE i aibikirg ik SPEHE Y RLE RrTagb LIRSS SSRRIGBEIG, the

nunitsshe Sstapicel aligementaf thaosrlestpdonarikin@imbeeds Ratfasnipdibsingters
known references including, but not limited to, templates, trace, bumps, pads

12yt fh‘@?%ﬁﬁﬁﬁ‘é(&gt)rerns. Secondly, the reference 25 intensity of the
semiconductor wafer 12 at the image capture position at which the working

image was captured is calculat ﬂ @n. appropriate r%?)r nce image for
1R GRS DT T G S B Thre laInoaREcrrstb e
dekpageos pheferably helatiadnfm Buemattipleerstemricerviaginerentdd byview

the reference image.creation. process 900. 30 .%3 .The CPU is preferably..
PIRRER ALY for AN, SO AHE GUrsRdHigPmgoraee and uplodding of
captured images to the external storage or server. The first mode 800a and the second
mode 800b represent automated review processes. The user is able to access the external
storage or server for offline review of the captured images as and when required. The first
mode 800a and the second mode 800b enable continuous review of each of the wafers of

the wafer stack 20, or the continuous image capture, consolidation, upload and storage.

It will be appreciated by a person skilled in the art that while only three review modes,
namely the first mode 800a, the second mode 800b and the third mode 800c are described
in the present description, a person skilled in the art may employ alternative review
processes or different permutations or combinations of the steps of each of the three
review modes 800a, 800b and 800c. In addition, it will be appreciated by a person skilled
in the art that each of the three review modes 8000a, 800b and 800c may be modified or
altered as required using methods known in the art without departing from the scope of

the present invention.
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appropriate reference image to which the working image will be matched.
Preferably, the calculation, and storage, of the normalized average or
geometric mean, standard deviation, Maximum and minimum intensity of
each pixel of the reference images by the 5 reference image creation process

ARBORObaAEas ARas andBerwW M ke X08CRaMBE dRRRIPARIAHEIBtAN6Rs and
image to which the working image will be compared. Correspon_dinge(é]e
fephie and

clansfHians theicpfore£anmudriaRISBYRh g AR 1 dhehccutetiis

th8lUsAliatY endaiR s fRh BSAMRIS00r M loacRaIad 8l eaMatHs: MEAB database
standard 10 deviation, maximum and minimum intensities of each pixel of the

oy Aty AR edarpRasq P HEIOE dRACS alissYBfcE ABAPpix &l B WREaksHihge step

42@age 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 15 of the reference

AdrpagecanphiesdapatificrRliat aicdelselion W defeatsiieée @A images and DLA
. predetermined threshold values are set by the user. Difference between the

Inigshtita iR VAL of PEESROBE thie WRIAGR T RIAT SRl gsdsrSnscrgnage for

ideafeReneRimageiscnaeisbebrogainshibenairasterminad tmesbalthyrlyes Withce
. one of multiplicative, additive %&5 cggrnstant value. If the difference between
5

NP IEHTRRRE Bt YA LBOY THESEW PR RS Shaymiaid &F- 18)
fatiieaeie e easolinag ads areaies thashhefpradetenmned Ithigshaldivaliasod by a
defect (or defects) is flagged. The predetermined threshold value can pe
P%%%316?%&&1}%a.rtﬁbéﬁgﬁas{efﬁ%cep}@a&mﬂsa m?ggwo%%ﬂ?eaf%(\ﬁ?i@&md
tofey agdiistingpstidsgency of the method 400. In 25 addition, the predetermined

threshold value is preferably varied as required depending on type of defect
to be detected, material of semiconductor wafer 12 presented for inspection,

Aopitliivinafideseaibeilj@ash bfrthe anokeiging gltetrigelineddirashnidaslizie DLA
. may be altered depending.on a customer's or more generally. th )
I SO T R A R TG S e TSt S e
thein exevsplayingeibRa-A00 fonspaeting wmikondiietocewaiess areation process
9 0%escribed above. A person skilled in the art provided with the description

An exemplary comparison process is already described with the 2D image processing
process 600. However, for increased clarity, a summary of matching between working
images and reference images is provided below. Firstly, subpixel alignment of the
selected working image is performed using known references including, but not limited
to, templates, trace, bumps, pads and other unique patterns. Secondly, the reference
intensity of the semiconductor wafer 12 at the image capture position at which the
working image was captured is calculated. An appropriate reference image for matching
with the working image is then selected. The appropriate reference image is preferably
selected from the multiple reference images created by the reference image creation

process 900.
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above will understand that the modifications to the system 10 and the method
400 may be done without departing fr?c])g the scope of the present invention.
For example, sequence of 5 steps of the method 400, and the sequence of
steps of processes 500, 600, 700,750, 800 and 900, may be modified

TH¥itguy dRPRFiRgfHaM %Rﬁgﬁ&ﬁﬂf%&f%}e Qiesent IRvRRtien- Hig anekliastveOfihe
the system 10 and method 400 of the present invention to enable accurate

APRFPERR FefiIehce imegednorhiristinivartHNgBPIes i beaaphrd: fRreksiably, the
caBHiRMAHEdHISRESHER, Ob FemicoRaual-walers Y the $sianiO ardihatandard

method 400 while the semiconductor wafer is in motion enhances efficiency

deyfaiiannBBE ERBR P BHIEBREGISPHarefCaphiB i helHirske ifitags Hapges by the
ref¥psied fphdecelaiaingaesstoppirahdpdiyidbal sRmicendestor waieisiak the
an inspectign position for image capture thereof, and for subsequent

APPSR EAACHARES SR BhEHR e MR ERseq Aret rorAeRa s pection 15

position after the images have been captured, as with several existing
semiconductor wafer inspection systems. Known image offsets between

CoRGRRIBGRER GRS I ARBE DSBS Mg R T Elgriag nia U e Lculated.
THbejetidetectddefastsdhak Mmadadqiesenid theseite bheelfsetlelaibd Qtihdard

articular set of ima%:js for the same semiconductor wafer enables the

p C _
e A AR Ay BRGNS Kb P FRRBPT b BB e e The

queRmigeRAUtovINaIe R cBphsa gent W dhnenpositign BftHea sevrigredwettecked
wafer in the entire frame, The offset is frably determiped by reading the

pref m
agasb GRTGSNABRLING HBtH Valkex OLerER P &%ﬁﬁsﬁem%fa ETEDeF i4N38Ed to

calculate the co-ordinates of a defect or defects. In addition, the use of two
images at every inspect locations iﬁmbines .adéagqts%ges of two different

COmBTIG et rMENRE S oG SRy LRl s Le wRIKHIR LR ARG Pixels
ofingieectiftientwvilinrige haatsidersdend iayittopersonakiiashinthelefdciiatrtheerably,

time-synchronization of. image captures can b ered as required. More . .
DrSTEETIRARY, e T SR 1 Sch i g TUMIGHERF P AR g deniative
dagbijued tfepprelgreMmneablaldaptiolge tthdgrixetnsatasak fariagaatdsetmatched

between the captured.images. The system. 10 and method.400 of the,. .

o R S T L B, RO B R LA e and a
coflstarinatine ardted defpesidectetwosre sino ndiigiianiagedeapiwiacevicesédy of the
Wgr 11tlurirhq of ima&ges tq mi?ir’rﬁize : ) :

g 1rflage 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
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.
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degradation of inspection quality. llluminations used with the system 10 can
be in the full visible spectrum of light for 5 capture of enhanced quality
images. Intensities of illumination and%feir combinations supplied for
capture of images by the system 10 can be easily selected and varied as

ARCSHEFSS A9 PSREERD 10N JRCtaRsHGysIRg Abthoat 4poitest tospaea R dafgstadactor
be detected, material of the semiconductor wafer and stringenc

f
walghidsndstsPah s pechsiionT e i ishihoasharinddidd %ﬁo@ﬁf@&pﬂon

abRydRaIPIeRRRitiMEnRtPhlse BRahiRhsL) Measyiamentel ARIGhEAb3200 may be
elements on the semiconductor wafer, and analysis of 3D profile images

dapp e i CArRRIERASELB WafsPRe RblAngrepryt eeaHPR o oF g pRlseducnce of
stépyRITtAn Arthod PPYicA SetuRdheenRlisRLIBSPBERBRRE 584).600icteloss, 800

not require frequent spatial recongid%urations to cater to changes in. 15

and 20 SRR ReoM it st ihanesPaHa s dhie SR L atithe ATEFRMLEY Fitbe

lenses with the system 10 enables ease of reconfiguration and design of the
system 10, more_ specifically of the optical inspection head 14. The use of

It {7 QReE B RA RS s ied I b atheth BP0 A dTSBhaRELg to enable

acBGRASSARE SOt BYStempaaate SPEGHeAYh RRIVETehiECVe lepBRs dBe an
the tube lenses. 20 The system 10 of the present invention comprises

auforpatedh ISBEEPE 24 feOMSeRduR kit a % BasvidemmidcALhidhs) Rsthod 400
whiléfenin g dma@itectot bratians tonthgosistermihiBeed ReNGiatiosfisala@ipedion of

helps to enhange quality of images captured by the first image, capture .
ScRUYRIS ORI o %%ﬁ?al@%&ﬁmp@edémte“?&mé%Beﬁ?beﬂﬁéle&ﬁ-rﬁatamng of

inthei @ reviglondagR captiere devidaspicand byt shdacewmsey ptaefetdreof, and
detection. In addition, the(ﬁY-disEIac; ent table ‘5’1? of the
5 ,;g

ystem JPO . .

o SR AT S AL BRI HEMRRY iR TIPS SEN 8515@8818 WaRgRection
posiadivafiee thepactien pasdioveisgesasiiped iwithesbaakyrousnth @xistingnductor

reference image derivation or creation processes 30 requires manual
e R BB DY LB dbMAL ORI e BH U B tRtores
facinichingrosistenciestht desivesirefarenae irragssdéecoddiboly tigiatity dkGaesent

semiconductor wa{er. instpeci}ion is.ad]versely faffected. The system 10 and
thf:ﬁeg{h o'% gt 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
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.

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

present invention facilitates accurate synchronization between supply of illumination and
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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 5 thresholds of intensities across different
ex?&ﬁﬂ'@rlﬁ ebihe semisendudocuriee, VR A0ePAPAFAINGMNRARIIRE®S minimize
lllumination variations across the semiconductor wafer. The method 400
degiafating 95 ETRAELLAREN in false or unwanted detection of defects and
ultimately an enhanced quality of semiconductor wafer inspection. 10 The
present invention enables automated defect detection using an analytical

Iipimerieny ussthydredhe ripme ihsgedtith B futbiibiysassiumk b isht for

cafitiality SennseRdugtarityaigises NABRERRAt IAMENLANAGISe anabies aviaBiaiedns
defect detection, preferably by performing digital analysis on digitalized

supRlGR LT S2RBFRING IMagRstintirerertiel drhapdy ct5tyrelsrbeband varied as

refWRIAtipanahlesutanaiad rauebmede [(afied affipperevRMmcNItoM detected,
affectin% roduction and impraves machine utilization, whereas the existing

MU RE AR GIRENS M) THRARtAIFRRET RTINS ARG opBICk AR HFction.

TiieGipgeavery dafechiythosin®angrinekéag B nndtiple @ilferantiiioninadiorenables
intensities. 20 In the for[ﬁfoing manner, an ex_empd\"‘aﬁr%/ systemand an . . ¢

MEAMETBISRAY MHSA SF i p%%‘ﬁﬁ&tss%‘i‘n‘ilﬁfc‘)ﬁ%‘&BP B cBMFBRbRS of 3D

profovined:byehbanivenis @idinepresttiiventign are described. The
exemplary system and method addresses at least one of the issues or

problems faced by existing semiconductor inspection systems and methods
ThasspeationedfAhd hibeagkamiondhdt will digwavestie wedepsieadipeation head

4%ers n skilled in the art that the resentlinventiﬁn is not limited to s(;g(ef&éjijc :
1 8 R PR AL HEAB S iR aYRY SPRHA! SRIBBHFHENIR G oiBi Shsvanges in

sewtib helagparentctosaeelise brskillestioriiec artinditvioaf tHusisissfasbisedhads with
numerous, changes and/or odific%ions can be n&ade Witlgo?lt deEartin from

(g 3Y5EHBe  Sh6TERIGE o e fivERGHE4ETGn and design” of the syStem T, ‘more

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

between objective lenses and the tube lenses.

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

alignment of the semiconductor wafer relative the inspection position.

As described in the background, existing reference image derivation or creation processes
requires manual selection of ‘“good” semiconductor wafers, resulting in relative

inaccuracies and inconsistencies of derived reference images. Accordingly, quality of
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Claims 1. An inspection system comprising: an illumination setup for
supplying a first broadband illumination and a second broadband
illumination; 5 a first image capture defice for receiving at least one of the
first broadband illumination and the second broadband illumination reflected

seffREBRIvMBieR A80i A s inager cap R dayiaafofkesaiMing & 18asbanmo of
of the first. broadband illumination and the second broadband illumination

theeRERSRIY fIRYRTHRN FoRHRYET, SRBMMQGMERE apnsRestioR BXacisatiigsRfgrence

inlAgRgexsaRiW eiavige BRIt soNfigwesi denweduratislly rebdng atdaasb /R tor
of the first broadband illumination and the second broadband illumination to

walsFurths firfeipRay dmamer Lreation it el iR foegpalisotinn wheliiprent

thiBshwialenbis inRatiniys disphased fyréndlistenssnbeswerd santbbadictdd therirsthus
image and the second image. 2. The inspection system as in claim 1,

acGEmRAdAinehoRO s BB V MRS s o dlth soaicondusteR g The

métsain@iondscane efdriabtiieldubioadbanddlyminatiafdaskdiglenighiargte and
broadband illumination, darkfield 20 low angle broadband illumination and a

ulpaisix o B R sHgHI AL BrBisaBARON A ABRECHS field high angle
broadband illumination and darkfield low angle broadband illumination. 3.
The inspection syste ?s in claim 2, the illumination setup comprising: 25 a
T QAR LRI SRR o Gt BTt RREACBriSAB AN IHFRATRRIS that
cosqsans Hgerinadiameraitenfiorapiiing ihegdarktialdibighanglditkreasixanductor
illumination, angle, of the darkfield hjgh angle broadband iljJumination emitted
VH§the! SECBIFIMARHEIST HHiGy S2E s&ab&f@m@eﬁ?@r FIEEH QR PEJETaDIy by

peafljtistabldigng @8alysis on digitalized images (i.e. working images and reference

images).

The present invention enables automated review mode (or on offline review) without
affecting production and improves machine utilization, whereas the existing equipment
offers only manual review mode, which require the operator to decide every defect by

using and looking at multiple different illumination intensities.

In the foregoing manner, an exemplary system and an exemplary method for inspecting
semiconductor wafers and components provided by embodiments of the present invention
are described. The exemplary system and method addresses at least one of the issues or
problems faced by existing semiconductor inspection systems and methods as mentioned
in the background. It will however be understood by a person skilled in the art that the
present invention is not limited to specific forms, arrangements or structures of the
embodiments described above. It will be apparent to a person skilled in the art in view of
this disclosure that numerous changes and/or modifications can be made without

departing from the scope and spirit of the invention.
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a third illumination emitter for emitting the darkfield low angle broadband
illumination, angle of the darkfield low angle broadband illumination emitted
by the third illuminator being at least he of predetermined and adjustable. 5
4. The inspection system as in claim 3, wherein each of the first broadband
cilimynation and the second broadband illumination is supplied by at least one
of the first illumination emitter, the second illumination emitter and the third
LillumiftatiBFPEFHRIEPY 1168 CPRRTEME ction system as in claim 3, wherein each

of the first ilyminatian esaitietuptier seepnd dbuaminati eroeabiier anciaibifdnd a
illumination emitter is coupled to a programmable controller, the

progrssnhdBrerdkrirRinatAfrolling at least one of intensity and duration

of the illumipatipe emiited &ipthe fisshiteninatiereiemitiorn 10eseesNGf the first
illumination emitter and the third illumination emitter. 15 6. The inspection

systetfPasipndidiningiitRet b prisrRpdahropflende feminptianipefied from a
receivip@thgnfirst broadband illumination and the second broadband
illumination reflected by the wafer, each of the first  broadband illumination

and the secBritf¥BhABSE ifBRAHaLT ECeRietP By YHE 2 JRSCRAS Ighsthe first

asseptbldbaiaditoereafies aallimated anttrensmided detinsubsaanentreaointthe
by one qf t%ﬁ first image capture device and the second image capture,

devicK2Fr T fHShATRSR SYRIn SRV IRe Al WRePdifmAgSoHRUtb&!fale being
assepylfigaR coroprisepenlialiteafi vljectiveldansaeseaih oktherplukbibdeind
objective lenses having a predeter I;giﬂré%girmdag_nification factor, each of the d

first BrOWYBAHE B Hh AT BrBABL HSHRIR AT etAge and @

receivesy iangobiiee plufalitysptablestive lenses before being thereafter
collimated ang transH]itted for, subse(ﬂuent receipt by %ne of the first image

capture devit85HR the WaEHHS TRELY S0 iRt [Eaagee §otiren capture of
inspettigirsysieps asdithelsiovhd futtiger comprising:

2. The inspection system as in claim 1, wherein each of the first broadband

illumination and the second broadband illumination is one of brightfield
broadband illumination, darkfield high angle broadband illumination, darkfield
low angle broadband illumination and a combination of the brightfield broadband
illumination, darkfield high angle broadband illumination and darkfield low angle

broadband illumination.

3. The inspection system as in claim 2, the illumination setup comprising:
a first illumination emitter for emitting the brightfield broadband
illumination;
a second illumination emitter for emitting the darkfield high angle
broadband illumination, angle of the darkfield high angle broadband illumination
emitted by the second illumination being at least one of predetermined and

adjustable; and
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a first tube lens for focusing at least one of the collimated first broadband
illumination and the collimated second groadband illumination onto a first
image capture plane of the first imagé apture device; and 5 a second tube
lens for focusing at least one of the collimated first broadband illumination

and the collimpierisespRsibroadhanddieminatiomeniRidicse R himddRoadband
capture plane of the second iﬁnalge capture device. 9. The inspection system
fh

as in'duRPatighensgls ik theidaskiisl! e hamnels: bierabaadiphwaimiamsibied by
and the sacondihipathashiluminationkatyeendhairbiest vajieasassembly

and each of the first tube lens and the second tube lens at least one of
increases ease of introduction of optical components between the objective

4.lens apzembhransh eaeieaf the fitstivbe Ensaadithesacatd beilenoraidband

facilitates spatial reconfiguration of the optical setup used for each of the first
15 infdg@ieahinenbiieseanadwdbsnd itap@atiptireyeriicd bioatiggst one of
inspagHon sy siBimasatibalaimiBefUninerseesnarisingiiaion linaiteimination: third
emitter for emitting thin line illumination; and a third image capture device for
receil IHG AR AR &I Hination reflected 20 by the wafer to thereby facilitate
capture of three-dimensional profile images of the wafer. 11. The inspection
system as in claim 10, wherein the capture of the three- dimensional profile .

5-image 8RRS AR YS! FRrAS i el e the S RA- T 9h s HibiHmingtiop gmitter

inspegtioR&yRieMmasinicRishider fand elccompriningintef esianasseroiied to a
configured for rggeivingt in lipne illumination reflected f(&om the W?fer in a first
direchBIEERTASA SEGEE AR SUES AN i d Yo fious! 4usahipRt one
being fuiliarsponiiguradfaodigcting ilhereesive tihiftcins,i | taimagio lumination
reflected from the wafer in the first dir.ecti?%}vgnd Iﬁ\ggfﬂ t least one 70

secoRt dFECHS NG H P iR AR NSRS 4 SBHORGTYESEipt by

the third image capture device.
6. The inspection system as in claim 1, further comprising:
an objective lens assembly for receiving the first broadband illumination
and the second broadband illumination reflected by the wafer, each of the first
broadband illumination and the second broadband illumination received by the
objective lens assembly being thereafter collimated and transmitted for
subsequent receipt by one of the first image capture device and the second image

capture device.

7. The inspection system as in claim 6, wherein the objective lens assembly

comprises a plurality of objective lenses, each of the plurality of objective lenses
having a predetermined magnification factor, each of the first broadband
illumination and the second broadband illumination being received by one of the
plurality of objective lenses before being thereafter collimated and transmitted for
subsequent receipt by one of the first image capture device and the second image

capture device.
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13. The inspection system as in claim 12, wherein the directing by the
reflector 5 assembly of the received thin line illumination reflected from the
wafer in the first direction and in the &t least one second direction along the
predetermined travel path for subsequent receipt by the third image capture

8.devicergnhgneasiigaially ivthietbregdipessignahprofile images of the

wafer captured by the third image capture device. 10 14. The inspection

system as ift DS, Iasehidosrs i it thaniRitidR enlbigtatsdoyrthhroadband

reflegipiassasiPind @R tERIedeiessrn ety Pathis a8 BHted first image
through the objective lens assembly and collimated thereby, the collimated

thin iR ARG RH RS HRASRFRRY R HASYRT 2 8ird tube lens before

subsequent, 1&:¢668IRLBY tRAsthisd ipagencaptuig.de\ire. 3 tlhe INSPREP Tirst
system as any of the above claims, further comprising: a_stabilizing,

mectPARIRATSH YeunEAEoRRi o traHERfted Pt e ardhandiiuiiagion onto a
captuge slevies aneafiers prandoMeg sceamiursade \gauddmieeein reduction

of vibration transmitted to each of the first image capture device and the
second image capture device during capture of the first image and the

9.secomidniag:enhianseeauaktyiof themapiuiacfiist M@ AREaSRCON the first

image. 25 16. The inspection system as in claim 15, wherein, the spatial
disp?éz&%%ﬂ‘é?ﬂdofl ‘ﬁfé’u;%lfgmsaflimstéacw% ﬁ@@iﬁﬁme}llﬂ@m@rﬁéﬂa@een the
havingrdavemomentablinanipeieinarelymeduas Vinadian tiasssoiitedibe thes at
wafer displaced thereby, the reduction of vibration transmitted to the wafer

for erfhARG GLARTBFtheataRUBHUEHARGE QRHLLSmPoREYS, bdviepn the
The igispettioncsysissonas paydEibe abeve filaimbellstRemeompiséngd Aibé lens

processor cqupled to each of the first image capture device the second
P L B ST S e o e it

image capture device and the second image capture device.

10. The inspection system as in claim 8, further comprising:
a thin line illumination emitter for emitting thin line illumination; and
a third image capture device for receiving thin line illumination reflected
by the wafer to thereby facilitate capture of three-dimensional profile images of

the wafer.

11.  The inspection system as in claim 10, wherein the capture of the three-
dimensional profile images of the wafer is performed while the wafer is in

motion.

12. The inspection system as in claim 11, further comprising:
a reflector assembly configured for receiving thin line illumination
reflected from the wafer in a first direction and in an at least one second direction,
the reflector assembly being further configured for directing the received thin line

illumination reflected from the wafer in the first direction and in the at least one
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second image with the spatial displacement of the wafer, comparing a defect
site detected in one of the first image and the second image with a
corresponding 5 position in the other df‘the first image and the second image,
and producing an identification and co-ordinates of a defect therefrom. 18.

The igsRAAtPREHSIE MRS IR Saitckhifldd BN CO BUIHFHI0s ARQUtRI trBIeHIBY the
coupled to the processor for sorting the wafer based on 10 the identification

of detBiE prAEsR Byt cessor. 19. The inspection system as in claim

18, the identification being a positive identification of a defect when the

defect site detected in the one of the first imaﬁe and second ima

e
BeorreSporibsnatiPthe g esit® ddtddieddinthereihdrordiecting By ithg g flector

and thesgepnstimage aneithaddpptiicatianReingrr negalbre iBewuiisatiomeatrst
a defect otherwise. 20. The inspection system as in claim 19, further

comphSAgeR Fadigwhin b e srnde U ahruaonR el seedsiprmingd travel

reviepaimageuBegagivrecdp)iss fi¢ gartuningdvages abthecwakahads the quality
predetermined positions thereaf, wherein the predetermined (gositions

corre@pbtaliereunsanierabintafdereress of thenuakt Rt atdhs dursh image

claimegpruydheraice the review image capture device 25 receives at least one
of the brightfield broadband illumination, darkfield high angle broadband
illumination and darkfield low angle broadband illumination for capturing

14magesofifiewidieky22nfsyistemifermnspaciing sRNMiCMdGIOIERMRaNantEted
comprising: 30 an illuminatjon setup for emitting a pbroadband first contrast .
sl L G ﬁi‘&%&?@oﬂ?ﬁ%éﬁt%ﬂ% R Sh AR 1% BRsmged
of imageugapihseobRices | @achsefifteyphaalinl ahimaoe aepiure devitasated thin
capahle aof receiving each of the hroadhand first confrast illumination angd the
e o A et Nt A S e
imagecaptwe tlevitasibringapnfigweddeor sequential receipt of one of the

15. The inspection system as any of the above claims, further comprising:
a stabilizing mechanism for reducing vibration transmitted to each of the
first image capture device and the second image capture device,
wherein reduction of vibration transmitted to each of the first image
capture device and the second image capture device during capture of the first
image and the second image enhances quality of the captured first image and

second image.

16. The inspection system as in claim 15, wherein the spatial displacement of the
wafer is facilitated by a wafer table, the wafer table having a low moment of
inertia to thereby reduce vibration transmitted to the wafer displaced thereby, the
reduction of vibration transmitted to the wafer for enhancing quality of the

captured first image and second image.

17. The inspection system as any of the above claims, further comprising:
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19

5 broadband first contrast illumination and the broadband second contrast
illuminations for capture of a first contrilst image and a second contrast

image respectively of the wafer, wher in the capture of the first contrast

image and the capture of the second contrast image occurs while the wafer

is in motion  19r8&sT4ie e @S dacelaim k2. irhersifotheaaler ik sRaUANY the
displaced by a predetermined distance between the capture of the first

contriSORAgRSn EPIHEr S eeYRe danriseripider arsdatiethydisthimags and the

claim @& fUiiaes C QMR IENG A I QRigthMeIens e WAtk oIapRIMIBth RREOlite
the broadband first contrast illumination and the broadband second contrast

iilumitfsiiteneRiE by hhEWatBr 4R o Ba A Mgt 4LbifuAAFStRANIng
and theshionapand saepod tkoMFastHisninatian receivedoiptheebigeivRing an
lens being collimated thereby; 20 a first tube lens for focusing each of

collimdiaafisaimamtcnreridatea st adefirbisEEER® the broadband second

contrast illumination onto a first image capture plane of a first image capture
device of the plurality of image capture devices; and a second tube lens for

180cusihg BSRACHPBANHRITER BRABRhG freheb AHREI 9B ilumination and the

broadband sacangueans@ast ilumprationieniec Seerns Koage: SRPEHRIABE] on
of a second image capture device of the pjurality of image capture devices.

25. THE YRR 4 PSP ISR IHE ORIEETRE ens assembly

comprises a 30 plurality of objective lens, each of the plurality of objective

lens having a predetermined magniLiagation factor,.each_of the broadband first

ontrbBE 7SR Sd the BrodtiBand salon B EHIEISON RS dn POSITVe

beingdeatisiaiiien othraugit ORReaftiaipiucaliie deakjedtivielenadefare haingnage

recelggg s%%o%%eir%];é%ecofgesgggggs l\?vri]t?l ?l*rl]eddtg ec?%ﬁgrgl%tteuc?eedllennt?ie other of the first
image and the second image and the identification being a negative identification

of a defect otherwise.

20. The inspection system as in claim 19, further comprising:

a review image capture device coupled to the processor, the review image
capture device for capturing images of the wafer at predetermined positions
thereof, wherein the predetermined positions corresponds to the detected defect

sites.

21. The inspection system as in claim 20, wherein the review image capture device

receives at least one of the brightfield broadband illumination, darkfield high
angle broadband illumination and darkfield low angle broadband illumination for

capturing images of the wafer.

22. A system for inspecting semiconductor components comprising:

an illumination setup for emitting a broadband first contrast illumination

and a broadband second contrast illumination; and
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5 26. The system as in claim 24, wherein the collimation of illumination
between the objective lens assembly and each of the first tube lens and the
second tube lens at least one of increases ease of introduction of optical
components between the objective lens and each of the first tube lens and

the second fuhadans, sMHMZes prulsiatRe Hehvesn tﬁhep\l‘(ﬁlﬁ@’ift}aﬂﬁliiﬁﬁge capture
objective lens, and facilitates spatial 10 reconfi%uration of each of the first

imageceirurarablicf sereiraserdhafihade digpbeatrasy iHpraingtipggnd
as inglabrod8bSHARBESRNIHSIG B himAenbraadaandy W wiTatianepitiglity of
for emitting thin line broadband 15 illumination; and a third image capture

devid@"88¢he*pIUFalitlF Yerh R5angapatectisd &Y roraHsBERligafiRt Ipfe one of the

broagpsimhhdminationdieiiasteditiamaiehwaler ththesrivbiaglitaéessaptesatrast
of three-dimensional profile images of the wafer, wherein the capture of the

three HMERIBRRIBT SRR a0EE Sithe WHRS iENagr fiMoinietPrhiforHast image

waferdspft iRl Bf &2 whirisystem as in claim 27, further comprising: a
reflector assembly configured for receiving thin line broadband _illumination

reflected froP &Ry EE r SAPEFE P iR IRt ar R i i Bl angnde ot REEG ef the

directigtonideoigfiastionasserahly Weirg iy ihescenfighsad:for directing the
received thin line broadband illumination reflected from the wafer in the first

direction and in the at least one second direction along a predetermined

23ravefrpatiyiessulsagquenirecaiptiyetom third mage tappateviiep1aedy a

The system as in claim 28, wherein the directing by the reflector assembly of
tho. RECRIEHATAAS BHGJEANE i RO e B P #7  (he
first %dcelicectimmaaninispthe at least one second direction along the
predetermined travel path for subsequent receipt by the third image capture
device enhances the quality of the three-dimensional profile images of the

24vafemaapiistesh By thelthind inagteeaptipeisiayice.

an objective lens assembly for receiving each of the broadband first
contrast illumination and the broadband second contrast illumination reflected by
the wafer, the broadband first contrast illumination and the broadband second
contrast illumination received by the objective lens being collimated thereby;

a first tube lens for focusing each of collimated broadband first contrast
illumination and the broadband second contrast illumination onto a first image
capture plane of a first image capture device of the plurality of image capture
devices; and

a second tube lens for focusing each of collimated broadband first contrast
illumination and the broadband second contrast illumination onto a second image
capture plane of a second image capture device of the plurality of image capture

devices.

25. The system as in claim 24, wherein the objective lens assembly comprises a

plurality of objective lens, each of the plurality of objective lens having a

predetermined magnification factor, each of the broadband first contrast
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5 30. The system as in claim 29, wherein the thin line broadband illumination
directed by the reflector assembly along the predetermined travel path is

transmitted through the objective lens’ ssembly and collimated thereby, the
collimated thin line broadband illumination being transmitted through a third

tube |apmPRIIE HA SHPIBGHERLTE RIS bR hNId IMmad caRtHstdeitRmitted
31. Aninspection s@em comprising: a first image capture device for

receithfyah 1eas o5 e sl pibaabahtssiive onPsmGminatrs el by one of the

broaghandisecandkomsast Jhdminatiens. and 15 a second image capture
device for receiving at least one of the broadband first contrast illumination

and the broadband second contrast illumination, receipt of the broadband

2dirst comdrasd:dninationiand4he nreas andoIRaRIAY C ORRASHIMAMIINBEENBY the

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

for cANGFE BT Lo estonblanrhersd 26dhs Bettdhbedsnirand ithagrrop tube lens at

respagiiehn ofolt alessthe:lisst dmagr gapivie dlevireanebiiposRERNEJMREE the
capture device being spatial}y configured for enabling sequential capture, of

the MRCEHMELERSIATGErehalH EEoMGTEMT80iIMEGENHIE8 iR DaraPiaTires a
motiqfistdhecl NRIWSPECHRN SyFieNMAg itheladhctlivehrRigin eachfadithigtes spatial
broadband_ first contrast 25 illugﬂrr}gtion and the broaglband secqnd contrast
iilumATSABHSYBRE P bAgH R d B R ARAG S IIREOR e At G hintay Iaage
broadbpfigeilemiration, darkfield low angle broadband illumination and a
combination of the brightfield broadband illumination, darkfield high angle
broadband illumination and darkfield low angle broadband illumination. 30 75

2733. ThecipgReation sysiamss firtlaiboszdrvhigrein the wafer is spatially

O e ) B BT e o oIS 08
illumination; and
a third image capture device of the plurality of image capture devices for
receiving thin line broadband illumination reflected from the wafer to thereby
facilitate capture of three-dimensional profile images of the wafer,
wherein the capture of the three-dimensional profile images of the wafer is

performed while the wafer is in motion.

28. The system as in claim 27, further comprising:

a reflector assembly configured for receiving thin line broadband
illumination reflected from the wafer in a first direction and in an at least one
second direction, the reflector assembly being further configured for directing the
received thin line broadband illumination reflected from the wafer in the first
direction and in the at least one second direction along a predetermined travel

path for subsequent receipt by the third image capture device.

29. The system as in claim 28, wherein the directing by the reflector assembly of the

received thin line broadband illumination reflected from the wafer in the first
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an illumination setup for emitting broadband illumination; a first image capture
device for receiving the broadband illumination reflected from a wafer for
capturing a first image of the wafer; ar?lg a second image capture device for
receiving the broadband illumination 10 reflected from a wafer for capturing a

secongdpiraeafi thet@tenciie fistpeaae srRHYE seMicenanitdiasaansd ravel
image capture device being configured for sequentially capturing the first

imagBe4héPiHRReyRBtiFRcdRt BdRrdiidiamge sptianyieni sebansentuenuality
captyetpé inectiratipagenang e Sanaepst isTage wikareip e SpRtiRe third image
displacement is_subsequently calculated based on 15 encoder values in
relati6#PtBre 4EKi6% the first image and the second image. 35. An inspection
method comprising: exposing a first image capture device to receive one of a
broadband first contrast illumination and a broadband second contrast

3GiumihBtisKstemctidl FBM 20 &R 1BF ikl atSrnddgeaination dreeted

and expasingea&ecOoRdstRYE RN theemicgterfteevarand gdifeis transmitted
broadband. first contrast illumination and the broadband second contrast

iilumiBLeioe! fBRaRig Henicieatisrab Roredsaliepied dbsilimiBge ot imated thin

waferinyhaRidbiir fitsiinage € ariue wadeaRadiheusaconBi M age: dapiubefore
25 device are spatiall config;g_red, for enabling capture of the first image and

the SHRSHTHAGEIRE Rafbid Hiash SaREHE 8V otion. 36. The

inspection method as in claim 35, wherein the wafer is displaced by a
predetermined distance between the exposure of the first image capture

3 lgevicR 3B BAH AR S BT AR B HE second image capture device for

capturing the first imagec ekt sredd tstagenespretivehe dffthdadeandirst
37. The inspection method as in c@im urther com%ﬂ'sing: exposing a

e 6, f
third ﬁ%&éaeg%é rRatianiaRda Paeashany sroRde AFASh AR MR & rom
the wafer fos capindingathegedimpriiotal imagef thecaalenc theteXposifigind

O T g e ey P L D e eI o, receipt
of the broadband first contrast illumination and the broadband second contrast
illumination by each of the first image capture device and the second image
capture device for capture of a first contrast image and a second contrast image
respectively of a wafer, the first image capture device and the second image
capture device being spatially configured for enabling sequential capture of the

first contrast image and the second contrast image while the wafer is in motion.

32. The inspection system as in claim 31, wherein each of the broadband first contrast
illumination and the broadband second contrast illumination is one of brightfield
broadband illumination, darkfield high angle broadband illumination, darkfield
low angle broadband illumination and a combination of the brightfield broadband
illumination, darkfield high angle broadband illumination and darkfield low angle

broadband illumination.
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5 image of the wafer occurring while the wafer is in motion. 38. The
inspection method as in claim 37, further comprising: configuring a reflector
assembly for receiving thin line broaddand illumination reflected from the
wafer in a first direction and in an at least one 10 second direction, the

3yeflectae asgray BRIRGISheE eanlured R SNRCHRG R 5peaNRAARHIIRE by

illumination reflected from the wafer in the first direction and in_the at least

one SelBeROERSACHICARIE Bratithe riHitetPHAYY IMrRcrAnd tbSetisanel contrast
receiphfyethe third image capture device. 15 39. The inspection method as in
claim 38, wherein the directing by the reflector assembly of the received thin
line broadband illumination reflected from the wafer in the first direction and

34n theagt iepstane seeanddiipgtipg.along the predetermined travel path for

subsequent receipt by the third image capture device,_enhances the quality of

the three-diAfehUBHRRB ARUMEG cL e Rt iirBun PRy the third

image capturergaVigg g0 cdfarinRediofonetier iag ithelairadBamd eIRifMination
exposure of the third image capture device causes the third image capture

devic& {6 HELR Rt VHSE St tHE i TN A BB R Ab R FiAon reflected

from the wadesdeothie iflishelicaptinn apde2brtirerédining Mo dabwribd dduiminatiaion

reflected from the wafer. in the at least one segond direction. ,
reflected from a wafer for capturing a second image of the wafer, the first image
capture device and the second image capture device being configured for
sequentially capturing the first image and the second image, the wafer being
spatially displaced between capture of the first image and the second image,

wherein the spatial displacement is subsequently calculated based on

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

35.  An inspection method comprising:

exposing a first image capture device to receive one of a broadband first
contrast illumination and a broadband second contrast illumination reflected from
a wafer for capturing a first image of the wafer; and

exposing a second image capture device to receive one of the broadband
first contrast illumination and the broadband second contrast illumination
reflected from the wafer for capturing a second image of the wafer,

wherein the first image capture device and the second image capture
device are spatially configured for enabling capture of the first image and the

second image of the wafer while the wafer is in motion.

36. The inspection method as in claim 35, wherein the wafer is displaced by a

predetermined distance between the exposure of the first image capture device
and the exposure of the second image capture device for capturing the first image

and the second image respectively of the wafer.
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The inspection method as in claim 36, further comprising:

exposing a third image capture device to receive a thin line illumination
reflected from the wafer for capturing a three-dimensional image of the wafer, the
exposing of the third image capture device for capturing the three-dimensional

image of the wafer occurring while the wafer is in motion.

The inspection method as in claim 37, further comprising:

configuring a reflector assembly for receiving thin line broadband
illumination reflected from the wafer in a first direction and in an at least one
second direction, the reflector assembly being further configured for directing the
received thin line illumination reflected from the wafer in the first direction and in
the at least one second direction along a predetermined travel path for subsequent

receipt by the third image capture device.

The inspection method as in claim 38, wherein the directing by the reflector
assembly of the received thin line broadband illumination reflected from the
wafer in the first direction and in the at least one second direction along the
predetermined travel path for subsequent receipt by the third image capture device
enhances the quality of the three-dimensional profile images of the wafer captured

by the third image capture device.

The inspection method as in claim 39, wherein exposure of the third image
capture device causes the third image capture device to receive at least one of the
thin line broadband illumination reflected from the wafer in the first direction and
the thin line broadband illumination reflected from the wafer in the at least one

second direction.
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