1 SYSTEM AND METHOD FOR INSPECTING A WAFER Field of Invention The present invention
relates generally to a wafer inspection process. More specifically, 5the present invention relates to an
automated system and method for inspecting semiconductor components. Background The ability to
ensure a consistently high quality of manufactured semiconductor 10 components, for example
semiconductor wafers and dies, is increasingly crudial in the semiconductor industry. Semiconductor
wafer fabrication techniques have been consistently improved to incorporate an increasing number of
features into a smaller surface area of the semiconductor wafer. Accorogggl the photolithographic
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incorporation of increasing features to the smaller surface area of the semiconductor wafer (i.e. higher

performanc%.o] Jh? Iqemicionductor wafer). Consequently, sizes of potential defects on semiconductor
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wafers are typically in the Hlcron to submicron range. It is evident that manufacturers of
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wafers. Semiconductor warers are typically inspected for détecting defects thereon, such as presence
of surface psaticetateistongeerfseorss, undulations and other irregularities. Such defects could affect
eventual performance of the semiconductor wafers. Therefore, it is critical to eliminate or 25extract
defective semiconductor wafers during the manufacture thereof. There have been advances in

semiconduckacliiosdgon systems and processes. For example, higher resolution imaging systems,
faster compyigrs,ng ephansed PrecisionEnashanisalhangling systemsdirye Rags.sammissioned. In
addition, semiconductor wafer ) o ) o
10~ components, for example semiconductor wafers and dies, is increasingly crucial in the
semiconductor industry. Semiconductor wafer fabrication techniques have been
consistently improved to incorporate an increasing number of features into a smaller
surface area of the semiconductor wafer. Accordingly, the photolithographic processes
used for semiconductor wafer fabrication has become more sophisticated to allow the
15  incorporation of increasing features to the smaller surface area of the semiconductor

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

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

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

25  extract defective semiconductor wafers during the manufacture thereof.

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

brightfield illumination, darkfield illumination and spatial filtering techniques.



30inspection systems, methods and techniques have historically utilized at least one of brightfield
illumination, darkfield illumination and spatial filtering techniques. 2 With brightfield imaging, small
particles on the semiconductor wafer scatter light away from a collecting aperture of an image capture
device, thereby resulting in a reduction of returned energy 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 generally contribute a large
amount of energy relative to the particle, thereby making the particle difficult to detect. In addition, the
very small reduction in energy due to the small particle size is often masked by reflectivity variations
from the immadiaia dnakiarmantshemirpetadeer@byheesittiaghitudiorinerReasestectigirenees of false
defect detection. To vetrcomeltthe a ove.I%henoana,dsemic%nd%ctor inl% ection s st?ms t%ave been
equipped with Righ-end Cameras with fArgeresoitions, Wiich captdré imaged b shalfét Surface
areas of thersemigb aokergto tovhie imdgavenpenrd dgntiee WVimagles getiekally dnaalé ia bettpapsvel contrast
and this.is advantagequs for estimating size of defects and.when inspecti defects, 15 Darkfield
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horizontal plane of the object to 20 be inspected (for example 3 to 30 degrees), darkfield imaging
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which sizes are smaller than the resolving power of lens used to produce a brightfield image. At a
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However, brightfield images generally have a better pixel contrast and this is
advantageous for estimating size of defects and when inspecting dark defects.

15
Darkfield illumination and its advantages are generally well known in the art. Darkfield
imaging has been employed with several existing semiconductor wafer inspection
systems. Darkfield imaging typically depends on the angle at which light rays are
incident on the object to be inspected. At a low angle to a horizontal plane of the object to

20  be inspected (for example 3 to 30 degrees), darkfield imaging typically produces a dark
image except at locations where defects, such as surface particulates, imperfections and
other irregularities exist. A particular use of darkfield imaging is to light up defects which
sizes are smaller than the resolving power of lens used to produce a brightfield image. At
a higher angle to the horizontal plane (for example 30 to 85 degrees), darkfield imaging

25  typically produces better contrast images compared to brightfield images. A particular
use of such high angle darkfield imaging enhances contrast of surface irregularities on a
mirror finish or transparent object. In addition, high angle darkfield imaging enhances

imaging of tilted objects.

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

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



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 semiconductor
wafer. The light reflectivity is in turn 5dependent on wavelength of the incident light and material
composition of the semiconductor wafer. It is generally difficult to control the light reflectivity of
semiconductor wafers presented for inspection. This is because the semiconductor wafer may consist
of several layers of 10 material. Each layer of material may transmit different wavelengths of light
differently, o SAFHIBT P DS pEEB O U sy Ly BHE thah h A bifrdtesitilght Pe Hteanilities,
or even refleethityndvcoardinfgly Gewsthbhe, apparerifthgherkersiillebvdhe attithatrthauss of light or
illumination of.a single wavelength or a najrow band of wavelengths. typically. adversely affects quality
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illumination of'a wide range of wavelengths), for exampfe broadband illumination ot a range of

wavelengthsdseitoedrcB00vaierand 1000nm. 20 Broadband illumination is important for achieving high
guality 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
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wavelength. Currently available wafer inspection systems or equipments typically use one of the
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Capture DevigesxitipMuliiplgifietetinatieras(MiDiddition, layers may have different light
permeabilities, or even reflectivity. Accordingly, it will be apparent to a person skilled in
the art that the use of light or illumination of a single wavelength or a narrow band of
wavelengths typically adversely affects quality of captured images. Need for frequent

15  modification of the single wavelength or narrow band of wavelengths requires use of
multiple spatial filters or wavelength tuners, which can generally inconvenient. To
alleviate such problems, it is important to use a broadband illumination (i.e. illumination
of a wide range of wavelengths), for example broadband illumination of a range of
wavelengths between 300nm and 1000nm.

20
Broadband illumination is important for achieving high quality images as well as for
handling wafers with a wide range of surface reflectivities. In addition, defect detection
capabilities of wafer inspections systems will generally be enhanced by use of multiple
illumination angles, for example use of both brightfield and darkfield illuminations.

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

with a full broadband wavelength.

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

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



The MICD uses a plurality of image capture devices and a plurality of illuminations. The MCID is based
on the principle of segmenting the wavelength spectrum into narrow bands, and allocating each
segmented wavelength spectrum to individual illuminations. During design of systems employing the
MICD method, each image capture device is 5 paired with a corresponding illumination (i.e.
illumination source), together with corresponding optical accessories such as a spatial filter or a
specially coated beam splitter. For example, wavelength of the brightfield is limited between 400 to
600nm usin% mercury arc lamp and spatial filter and the darkfield is limited between 650 to 700nm
using lasers. %Mﬁﬂéﬁs?ﬁétﬁgﬁag%g iR QR Antge 4t BYSAIN L IHTBHBIN BoRSalRequality and
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multiple illumination responses simultaneously while the wafer is in motion. In other words, the SICD
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single illumination typically requires reconfiguration of the entire optical setup of the
wafer inspection system. In addition, the MICD method typically does not allow capture
15  of illuminations with varying wavelengths by a single image capture device without

comprising quality of captured images.

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

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

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

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

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

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

25  the wafer inspection system.

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

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



5 SICD as explained earlier. Equipments employing MICD do not use broadband and suffer from
inferior image quality and inflexible system setup. On the other hand equipments using SICD
experiences diminished system throughput and incapable of obtaining on-the-fly simultaneous multiple
illumination responses. 5 An exemplary existing semiconductor wafer optical inspection system that
utilizes both brightfield illumination and darkfield illusninator is disclosed in US Patent No. 5,822,055
(KLA1). An embodiment of the optical inspection system disclosed in KLA1 utilizes MICD as explained
earlier. It uses multiple cameras to capture separate brightfield and 10 darkfield images of
semiconductdt-Raters RAaptdr&e by f%ﬂ@ia%%sdmg}'ﬂ% NPEL 10 A Yo ledbdnt gaately or
together for @etactingrdéfieaisomibgesgmicgndudtoiivafele lsyadaiticnpheOnpticaldnspeiian system of
KLAL1 captures.brightfield an kfield images simultaneously using separate sources of brightfield
and darkel NIRRT L AL LA Wen S g LA ) SogPhR oo

S
aneous image captur
illumination weaeiepgtirths-Speotrultapearsowloghdiillunmagtiomespomess and spatial filters for enabling
captureof the brightfield and darkfield images. In the KLAl-optical system, one of the cameras is
configured to receive darkfield imaging using narrow band laser and spatial filter. The other camera is
configured tOreweivelpesteaisieewavidendithtepeetunmplsialgispgttifieldyitlamidationlsed hdteam splitter
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enhance certain wafer types. One such type is having carbon 25 coated layer on its front side and they

exhibit!Boor FEEb Hasss i errirdidarmsiuhipitsa Brightlicht adAipkdicldiirgashghtield alone.
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Accordingly, the optical inspection system of KLAJ requires a plurality of light or illumination sources
A fitere t0R I I e8I BALaR nERTAE SRRSO S5
throughput efritaéS\esienty) deitlesahycaptuiesnvliipléchrighdfietd aack flelkfididnimages. Ké.Additional

e_xemplary_ e%}%%geopgcal {Qrsg)ectitlan %)éstee%s utilizin g)eoth brti hotfiecl) alrﬂg qarl;geld irga1 ing are
disclosed in atent No %56, (,& uf%dfﬁ&;an%inﬁg atent No %1,5% ,?5§/a(Ai? CH2).
Darkfidld imgwiciguof, threropticaldnpectiamosystents and spatial filters for enabling capture of the
brightfield and darkfield images. In the KLAl-optical system, one of the cameras is
configured to receive darkfield imaging using narrow band laser and spatial filter. The
other camera is configured to receive rest of the wavelength spectrum using brightfield
illumination and a beam splitter with special coating. Disadvantages of the optical
20  inspection system disclosed by KLA1 include unsuitability thereof for imaging different
semiconductor wafers comprising a large variation of surface reflectivities due to
segmentation of the wavelength spectrum. The cameras are tightly coupled with
respective illumination and there is no flexibility of combining of more than one
available illumination to enhance certain wafer types. One such type is having carbon
25  coated layer on its front side and they exhibit poor reflection characteristics at certain
illumination angle, for example using brightfield alone. It requires combination of
brightfield and high angle darkfield illumination to view certain defects. Accordingly, the
optical inspection system of KLA1 requires a plurality of light or illumination sources
and filters for performing multiple inspection passes (multiple scan which in turn affects
30 the throughput of the system) to thereby capture multiple brightfield and darkfield

images.



5 of AUGTECH1 and AUGTECH2 utilizes a plurality of lasers for low-angle darkfield imaging, and a
fiber optic ring light for high-angle darkfield imaging. In addition, the optical inspection system of
AUGTECH1 and AUGTECH2 uses a single camera sensor and belongs to SICD method explained
earlier. Accordingly, inspection of semiconductor wafers in AUGTECH1 and AUGTECH?2 is performed
either by brightfield imaging or by 10 darkfield imagéng or via a combination of both brightfield imaging
and darkfield imaging wherein each of the brightfield imaging and darkfield imaging is performed when
the other is completed. The inspection system of AUGTECH1 and AUGTECH2 is not capable of
simultaneous, on-the-fly or while wafer is in motion and independent brightfield and darkfield imaging.
Accordingly Aaiditiigiel passgs 0f eadtingeopicanduspectidn watemis uetringobioh aaighigtliganspection
thereof, restiing Ijlowered manyfasturing thyauohpus aod iqreased Liizalion i resopices. In
addition, several existin 0|§tlcael mspecﬁon systems Utilize"a goldén image or a rererence image for
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reference images typically 25 suffer from false rejects of semiconductor wafers due to inaccurate or
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increasingly incompatible with increasingly high quality standards set by the semiconductor inspection
industrf 7 BREKURY gt Arreacnbitiigs Muebriaabiidimaging 18dniariiekl Amasiatulations.
Most of the siadisticahtechnigyasiarerivaly gesaRhandhavelthaieme Meféigopiatevaidherart of the
currently available equipments uses either average or er with eviation to
calouinte o GO SATBRGE o BE FEESthOR Todhe S St QLIRS B Ehwise any
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o climinate THe SRt SR OTCD SRy e S0 AT oo Ty o TSR error by
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helps to eliminat S, which wo ect the final reference pixel value. US 6,324,298
(AUGTECHS) discloses a training method for creating a golden reference or reference image for use

in semicondyctalayae! losasriaFIeIRRiothiRElRsPdNAR ARBECH deuiee oy Cood
Quality" or "Defect Free" wafers. Selection of such wafers’is manually or user performed. Statistical
formulas or telEHIER E8 28 iPiefPAPBIBAYOY HeATINY sl vErsdmegchigiemicosdepioackifeite and
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semiconductor inspection. Further, AUGTECH3 uses mean and standard deviation to calculate

individual pi91é|§16?ually selected “good” semiconductor wafers and then applying a statistical

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

above derivation is that inaccuracies or inconsistencies in manual selection of the “good”

semiconductor wafers. Optical inspection systems using such reference images typically

25  suffer from false rejects of semiconductor wafers due to inaccurate or inconsistent

reference images. With increasingly complex circuit geometry of semiconductor wafers,

reliance on manual selection of “good” semiconductor wafers for deriving reference

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

semiconductor inspection industry.

30



20 the reference image and presence of any defective pixel will lead to inaccurate reference pixel. The
defective pixel occurs due to foreign matter or other defects, which would confuse the statistical
calculation and leads to incorrect reference pixel. It will be apparent to a person skilled in the art that
the method of AUGTECH3 is open to inaccuracies, inconsistencies and errors in inspection of the
semiconductor wafers. 25 In addition, optical inspegtion 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 incansistencies between different flashes or strobes may occur due to numerous factors
including, bt S0t Mot 80195P disFRlch e Ry ORI DR SHOTIC YOOGSt &8 ISHa e rential flash
or strobe intensitiefsthS yeki ditfsrentialgu@ndinconsisiendiaadhaaliaie mihaverivt s igeed the
semiconductgtr V\fﬂ{ﬁ.‘l‘s. Prest nce o{% ch 8 differef\ntials wo Id affect the qr%ali}y tof %%Iden .rtﬁlference
image if theasys(fem had'hot taker'caré Stistich difreréntals ¢ u%vt%aﬁgsﬂrlarﬁ%. Inaddition, ilumination
intensity andtamifodmity ivane scacibsdather puitkoerafcthecsrivebnditictonestaie vdulksteygdctars including,
but not §mited 0, planarity of INenwafer. mounting andiantreflesiviby atdifferent 3poRtgns of the
surface. Without taking fnto account the variations in the flash intensity and the stro%mg characteristics
of the lamp,ansageferaree images deneteragdpikd. abovddasetibd dsrivameanediy baduhhaliable and

inaccurate WAGR SR IALCRURAENY YR GARIHEGE: IBEESAbRTS R RARIUANSAING sEiconductor

wafers. 10Variations in product specifications, for example semiconductor wafer size, complexity,

surface refleeRviapEHly ciitbAhthsrayaaiblcinspesians Hiele seAnsein aner umrntgdBfarmystry.

Accordinglyaenigonstugion walglinspestioassysiems anshmsthndsingsthin brrapaRienalinspecting
such variations in product specifications. However, existing semiconductor wafer inspection systems

and méthod&reRsERL iy it dpiSBEYos A% cssida GomiR s SRt sueHbafRRfHs STABTBEfuct

specificationsr@sneeially @\amthadiskeRsWEiEnaby standaras el byrtiesepricondetor industry. For
example, a typical existing semiconductor wafer inspection system uses a conventional optical
assembly comprising components, for example cameras, 20 illuminators, filters, polarizers, mirrors and
lens, which bigve 3xeebspatiaGIaxitiit)sdiketeeuaticindry emoidl o cormpona sl dfihefapiical assembly
generally reguirgs rearrangement and redesign of the epiie, apical assembly, Acgordingly, such
semiconduclor wafer INSp fion systemslﬁave inflexible eSId:flS or configurations, ana require a
relativély longleddE2 farumadificatvon GoercQhalit ddalitibrefelistamce ogbae Srl2Siobjectiveh lens of the

convention %%‘1‘8%'1(??3&&95’1% ﬁ?%s%?’%‘éﬁ%? UG WRIRL PR E%doﬁ%é@i&%%&?g‘?@ggiﬁ%l%&oo short to

allow ease of introduction of fiber optics illumination with differing ang mination.
for deriving the reference image. As such, accurate and consistent selection of “good

quality” wafers is crucial for accurate and consistent quality of semiconductor inspection.
Further, AUGTECH3 uses mean and standard deviation to calculate individual pixels of
20  the reference image and presence of any defective pixel will lead to inaccurate reference
pixel. The defective pixel occurs due to foreign matter or other defects, which would
confuse the statistical calculation and leads to incorrect reference pixel. It will be
apparent to a person skilled in the art that the method of AUGTECH3 is open to
inaccuracies, inconsistencies and errors in inspection of the semiconductor wafers.
25
In addition, optical inspection system disclosed in AUGTECH3 uses a flash or strobe
lamp for illuminating the semiconductor wafers. It will be appreciated by a person skilled
in the art that inconsistencies between different flashes or strobes may occur due to
numerous factors including, but not limited to, temperature differentials, electronic
30 inconsistencies and differential flash or strobe intensities. Such differentials and

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



There are numerous other existing semiconductor wafer inspection systems and methods.
30However, because of current lack of technical expertise and operational know-how, existing
semiconductor wafer inspection systems cannot employ simultaneous brightfield 9 and darkfield
imaging for an inspection while the wafer is in motion, while still having design and configurationally
flexible. There is also a need for semiconductor wager inspection systems and methods for enabling
resource-efficient, flexible, accurate and fast inspection of semiconductor wafers. This is especially
given the increasing 5 complexity of electrical circujtry o%?emiconducto,r wafers and the increasing

quality stand2FGEBiIRe Lyl atisty! SolfeRds/ s iassrd iy SYRER dideRticonductor
wafer inspeciian sysiensuahdifiaiioms chpabledd afrepopioydagibethilonghifieldiardsitarkiield imaging
simultaneousIYfand indglpendentl tflor Befrfornmg ins ecti%n \{vhile e engicpnguctorlvvglfer isin
motion, whillénprocg\rlrln&%é’ cloerslﬁﬁﬂor%l iof7a éraa%&gn%%%q lﬁfﬂ[}. iy daditich, there i heed fora™®
semicondudhor walfdmiisdectiphnsyste mfwherenfaomponengsadintiegfi feflexaniplatldiffinators,

cameras obiggye,iensliSsAnd Wifrars. have findhle and advsiabls.sratal Rigrcarigyiatons. 15
Given the increasing compﬁexny of electrica cfcunryo semiconductor warers, and the mc?]easing
quality standaddbser@ythehsemicosicisctd thaduspyaraceivsngaimbgonsisienty of embiwoisductor wafer

inspection igNGHRag N RLtLR ReryAianel JlFeR(RIGIRNSES.RT IEI8TeICeIMaRRR fArigpmparison

with captured images of semiconductor wafers currently require manual selection of "good"
semiconductaPtivafeisagisc ditforenanomlispietibn wan £iorinatetracies 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 whid sUBGEERHSRE ARG HREGHI Y smiROREATBRST WA LU B Gt sieFoTmiptsent
invention segksate adii@ssttieastiant ehtheappvesplesibatt isswasorn iskegineiiscairthe present
invention provide a%nspegctio&sgstem@nd method for inspectin semicgondl%:\st)or co porl?ents,
including, bR HEERmtEE S Be i SEMYTEST HPArrE S HiBEPSe fj’csl%??gné%ﬁn o ogRaPSee i Bspection
system is deajgibkd tdr prpanmingzebimensianalif2plodnct 3spititensional (B )ewafteevispaction. The
30'nSpeCtI0rs]e%){lscto(:“\nrcrlluIcstc]}I rt@z? 69 efsrllg)%%gofr? ' s%/%g%sm Iarlll%d(?ﬂcgt%%r VIS generally incapable of
15  satisfactorily inspecting such variations in product specifications, especially given the

increasing quality standards set by the semiconductor industry.

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

with differing angles for darkfield illumination.

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

existing semiconductor wafer inspection systems cannot employ simultaneous brightfield



10 The 2D wafer inspection is facilitated by a 2D optical module, which comprises at least two image
capture devices. The 2D wafer inspection utilizes at least two different contrast illuminations for
capturing images of corresponding contrast illuminations. The 2D wafer inspection is performed while
the wafer is in motion, and is completed with one 5 pass. The 3D wafer inspection is facilitated by a 3D
optical module, which comprises at least one image® capture device and at least one thin line
illuminator. Thin line illumination supplied by the thin line illuminator, which is either laser or broadband
illumination source aor both, is directed at the semiconductor wafer, while the semiconductor wafer is in
motion for cAFIIREISH 113808 595R8 LRREBARSAEF Msrdrith DBt idW et tBHABa sy the
inspection sysim imdaciiidiaddy@ieidekieviethoptitalamodulesdn sacosdanaealudibr awfiitst aspect of
the embodimentstof the SQresent (jnver}jtii%n, here igl.disclosed an tjt[]SpetCtiﬁm s[}istem corinpriséing an
illumination glé’ﬁfﬁ for s‘f’n‘ﬁpﬁf?iq'n&na PS5 H ISR GBART I RINAOR ahd & second broadpand | lumination,
a first imagdaaptoyecntiodulet foenecenvingat eastrondlos the fispebidbdandilltminatronssauad the
second proadpand llvminglion eflerled,Tom awalsLANTR Saeandimage FARLIGSeyigRor receiving
at least one of the 1irst broadband illumination and the second broadband illumination reflected from
the wafer. THenfipstimbate septoveddetdcendnddrthe second 20 image capture device are configured for
sequentially receiving at least one of the first broadband illumination and the second broadband
illumination to capture a first image and a second image of the wafer respectively. The wafer is
spatially disPHBEREY a distance between capture of the first image and the second image. 25In

accordance ith-a;3¢RMd RERRA of ihaiembedipanisahibech tdpventignetheredsahiclosed a
system for inspecting semiconductor components comprising an illumination setup for supplying a

broadd&nd MHsERBMYARS oithiRaghelddadniatdisih masdon dlruiaasuilmrhirteardeDurality of

image captukg demMaesingaskpeéibe pinialibeakimagricaptiva@de vicRsHapablepisgseiMmggeach of the
broadband first contrast iOiIIHgmjna?i})%@nd thie broadbaI%(lj second E!Ici)ntras.t iIIumi(?ation reflected by a

wafer. The SRIERYBMAGE CHTEE S T gL G ROl G LA FEUSI P Sh e B he 11
broadband fiispeaitiiasy sierminaditos anad e hroad daneb fe con d canflastlilumiaatons dmecapture of a
first contras% Lme%ge a?d aﬁecond contrast imagﬁee rglbﬁgect'v%Jiﬁo g%?ee wafer. The c%ptur of the first

contrast imag an\éﬁ e(ralSCalpii?JrrSeag? tlﬁgrg(resdcglr?&econ rasta}lrlnaag SCCUI‘ Wﬁﬂ% tlﬁee{/(\:/g elg}gziﬁorlﬁ%tion. 5

15  Given the increasing complexity of electrical circuitry of semiconductor wafers, and the
increasing quality standards set by the semiconductor industry, accuracy and consistency
of semiconductor wafer inspection is increasingly critical. Derivation of golden
references or reference images for comparison with captured images of semiconductor
wafers currently require manual selection of “good” semiconductor wafers. Such a

20  manual selection can result in inaccuracies and inconsistencies in the derived reference
images, and therefore consequent inspection of semiconductor wafers. Accordingly, there
is a need for improved training methods or processes for deriving reference images to
which subsequent captured images of semiconductor wafers can be compared. The
present invention seeks to address at least one of the above-described issues.

25
Embodiments of the present invention provide an inspection system and method for
inspecting semiconductor components, including, but not limited to semiconductor
wafers, dies, LED chips and solar wafers. The inspection system is designed for

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

30  inspection system is further designed for performing defect review.



In accordance with a third aspect of the embodiments of the present invention, there is disclosed an
inspection system comprising a first image capture device for receiving at least one of a broadband
first contrast illumination and a broadband second contrast illumination and a second image capture
device for receiving at least one of the 10 broadband first contrast illumination and the broadband
second contrast illumination. Receipt of the broadbind first contrast illumination and the broadband
second contrast illumination by each of the first image capture device and the second image capture
device enables capture of a first contrast image and a second contrast image respectively of a wafer.
The first imag¥ 8?8%?&889&?%%%@%@@6?%?%5&9 Capieiterestilee Whichecomprisan AL SR ured for
enabling segueniiad Gaptpierof dbeidost Thatest wakgeimpdctivn sechng conlsast imageiwerile the wafer
is in motion. In accar ancetwithfa fourth aspect of th? embodiments oftthet mesenttinvenﬂ?n, there is
disclosed ar inspection system c‘grﬁ%‘?uélfﬁ%%ﬁ“ﬁﬁ?rsni’na fon Setlip Tor stipplying a first 20 broadband
illumination 2dfirsfémageaaptus @erfodutel fohite ckewndethe firstdiroadindns almpleradovithediected from a

wafer far capturi kst image of the wafer an ecoRd im capture device far receiying the first
broadband T e e B B e e Y e
image capturestievice iargtheaptondeiviregershptureadevioe dhencdmfigutenfierteeqlibmtidliye capturing

the first image, ARc (NG LapsteAn6y RG] MhyValehinaPAIRIY HiIsPIased PRMERNCaRIHIROT the first

image and the second image. The spatial displacement is subsequently calculated based on encoder
values in reldi@HIOBCHBN e FirsPifag aAteHedsetoHiE insaicondiefioe sktistion tah&®rawings 30

Exemplary gmbediments fhibeiprasepliiventiopaimdessihad-bereiratianwihurisranse to the
followina drawings, in which: 12 FIG.1 shows a partial plan view of an exemplary system for

inspectfhg Wath< 5oderanssiess SxehsirmreisBsdMaanhts dreHE A E Syt iR BoHE BrRECa! shows a

partial isometgguréew of the system of FIG. 1; FIG. 3 shows an exploded partial isometric view of an
optical inspection head of the system of FIG. 1 according to view "A" highlighted in FIG. 2; 10 FIG. 4
shows an exploded partial isometric view of a robotic wafer table of the system of FIG. 1 according to
view "B" highligbteriindel@itR;a first aspect of the embodiments of the present invention, there is

disclosed an inspection system comprising an illumination setup for supplying a first
15  broadband illumination and a second broadband illumination, a first image capture
module for receiving at least one of the first broadband illumination and the second
broadband illumination reflected from a wafer and a second image capture device for
receiving at least one of the first broadband illumination and the second broadband
illumination reflected from the wafer. The first image capture device and the second
20  image capture device are configured for sequentially receiving at least one of the first
broadband illumination and the second broadband illumination to capture a first image
and a second image of the wafer respectively. The wafer is spatially displaced by a

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

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

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

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



FIG. 5 shows an exploded partial isometric view of a robotic wafer loader/unloader of the system of
FIG. 1 according to view "C" highlighted in FIG. 2; 15 FIG. 6 shows an exploded partial isometric view
of a wafer stack module of the system of FIG. 1 according to view "D" highlighted in FIG. 2;  FIG. 7
shows a partial isometric view of the optical inspection head of the system of 20FIG.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 25angle 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 oA e fi e G5 H E PR E R 4P RFshirg 59 bHRAEANESihation
supplied by ¢hgrlaglittididsillevninatanekE 1§8d 9 stSohiGohids anflgpyabastafvany exteiplagfesecond ray

path followel-ﬁ‘gy th%a darmclal pltgh angsle.lllumlnacil n SL§ Iledtbx the hé%%/gntgle darkfield illuminator of

FIG.9; FIG 12is'E fflowthart o 2R e&énrha}%%?yl} hlredcray 6%1&1 fBfiswe E AR P ISW angle

Silluminatiorwsilp phied Wyithvatonoangle darkfield illuminator of FIG. 9; FIG. 13 shows ray path of
iIIuminagion between a thin line illuminator and a 3D image capture device or camera of the system of
FIG. 1; 10FIG. 14 shows optical ray path of illumination between a review brightfield illuminator, a
review darkfielecitudainestoritng dirdviepeimelig@captordidenis@bfith@rsyetenm whHi@, there is

disclosed an inspection system comprising a first image capture device for receiving at
least one of a broadband first contrast illumination and a broadband second contrast
illumination and a second image capture device for receiving at least one of the
10 broadband first contrast illumination and the broadband second contrast illumination.
Receipt of the broadband first contrast illumination and the broadband second contrast
illumination by each of the first image capture device and the second image capture
device enables capture of a first contrast image and a second contrast image respectively
of a wafer. The first image capture device and the second image capture device are
15  spatially configured for enabling sequential capture of the first contrast image and the

second contrast image while the wafer is in motion.

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

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

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

to the following drawings, in which:



FIG. 15 is a flowchart of an exemplary fourth ray path followed by brightfield illumination between the
review brightfield illuminator and the review image capture 15device of FIG. 14; FIG. 16 is a flowchart
of an exemplary fifth ray path followed by darkfield illumination between the review darkfield illuminator
and the review image capture device of FIG. 14; 20 FIG. 17 is a method flow diagram of an exemplary
method for inspecting wafers provided by the preseant 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 25of 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 FfB;.1&hdd FAGpatikishiawsiaviiofing etanpfarycaptemngohspbtsininagebydberdirgt image
capture dev{ce and ca turinI%bofga se o?(iiPima e bty the tsec.ond image capture device; 5FIG. 22a
shows the firsf' Prﬁéarél Sptared i/n%?l% firs ?rﬁéﬁgncérb‘fﬁ?ew&lévice of FIG. 1; FIG. 22b shows the second
image captured by the second image capture device of FIG. 1; FIG. 22c shows a combined first
image %f Fl(l‘glcng'\sgngv SSECQR% liriné?l%%tr% 5|§W(2) %osr %Q%eép%@tﬁating image offset due to the capture
of the first image and the secon 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 FIC. 17; 13615883 arpioesedpndiadiam.ata flist sxemripecinigeimanrlagalgier scanning

process performed in a method step of the method of FIG. 17,
system of FIG. 1 according to view “A” highlighted in FIG. 2;

10 FIG. 4 shows an exploded partial isometric view of a robotic wafer table of the system of

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

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

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

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

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

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

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

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



FIG. 25 shows an exemplary optical ray path of illumination between a thin line 20illuminator a 3D
image capture device or camera of the system of FIG. 1; FIG. 26 is a process flow diagram of a
second exemplary three dimensional wafer scanning process performed in a method step of the
method of FIG. 17; and 25 FIG. 27 is a process flow diagram of an exemplary review process
performed in a method step of the method of FIG. 13. Detailed Description The inspection of
semiconductor components, for example semiconductor wafers and 30dies, is an increasingly critical
step in the manufacture or faprication of semiconductor components. Increasing complexity of circuitry
of semicondu&tor WirérSONEhBIE @ \Withe X BNarE AS P4 rainPltd g red By gé‘?rf?ﬁ elvafers, has
led to an incregsintineedidarsuippreded genighnadtidanéated inspaation syBlemy and methods. There
is currently a lack of semiconductor wafer inspection systems and methods capable 5 of employing
both brightfield and darkfield imaging simultaneously for performing onthe-fly inspection of
semiconduckdEwicres s, fivivilehpriodiclim gxeonfigyrditichalygratte Sadjiolekitylitye farkéiditidowthegk is need for
a semi@ndﬂ?&%l\{v%foenr gnﬁgﬁg&ignt%%e&nawifgr iqiﬁqri]]ﬁﬂlneﬂ%otrh&rgfé f&r example illuminators,
camera, objective lens, fifters and MIrrors, ave flexible and a justable spatial interconfigurations.
Given the increasing complexity 10 of electrical circuitry of semiconductor wafers, and the increasing
quality stangiaedls; sefBY the SpIiCOPAREHALIRGVSIM ASCHIRRY AN ARRRIRIBRGH LT Sginiggpductor wafer
inspection is increasingly critical. Derivation of golden references or reference images for comparison
with captured ey BESEFeHd QEIBE Watens uifently require manual selection of "good"
semiconductor wafers. Such a manual selection can result in 15 inaccuracies and inconsistencies in
the derived reference images, and therefore consequent inspection of semiconductor wafers.
AccordifiglyFifierkigha Weelfifa! impPateef ARG HABIPRASBr Prodessueitieldrilig réterehce images
to which subsgiguenirkapuIBGiMagesRf senieanthigtociyaierssa betreripaiadf 20 mbodiments of
the present invention provide exemplary systems and methods for inspecting semiconductor
components for addressing at least one of the above-identified issues. For purposes of brevity and
clarity, the dasgriptiois o4 tlilewchhaduvheniseatthig gpresenith ray path followed by brightfield

illumination between the review brightfield illuminator and the review image capture

15  device of FIG. 14;

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

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

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

provided by the present invention;

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

25  of the method of FIG. 17;

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

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

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

configurator of the system of FIG. 1;



25 invention is limited hereinafter to systems and methods for inspecting semiconductor wafers. It will
however be understood by a person skilled in the art that this does not preclude the present invention
from other applications where fundamental principles prevalent among the various embodiments of the
present invention such as operational, functional or performance characteristics are required. For
example, the systems and 30methods provided bylthe present invention can be used for inspecting
other 16 semiconductor components including, but not limited to semiconductor dies, LED chips and
solar wafers. An exemplary system 10 for inspecting semiconductor wafers 12 as shown in FIG. 1 and
5 FIG 2 is provided according to a first embodiment of the present invention. The system 10 can also
be used for ifispextisigoothartzamiconductorcdpritiag of aofinponeits s ieqiikedmRgefeiphil, the
system 10 cgmf%rise an oE).ticaI 'né%ectign hea 1zhéras sh%wn in FIG, 3%,1 2 wafer transportation table
) a

or wafer chick %a(IésCsﬁ%l\l/vlﬁl i Efl %3“ 2 ToHSHY Ware AN dlErEEe ? SEHOW A FIG. 5), a wafer stack

module 20 (as shown in FIG. 6) or 10film frame cassette holder, an XY- displacement table 22, and at

least o selgh%{ %léad vibratc;or}.is lators 24t{lag hoyﬁn f',n IG, 1.and FIG, 2). T tii:al inspection
head 14 as shown in lﬁ&S %ﬁg%i&a‘% I mér%sle)z a number 6f ilUminators an imageé capture
devices. Preferably, the optical inspection head 14 15 comprises a brightfield illuminator 26, a low

angle darkfigies IbypigaLor 48 %&ﬁ@iﬂ%@%@ﬁ%@é‘d el luminatr AQ- [l he dpdeisigog by a

person skilled in the art that additional darkfield illuminators may be incorporated into the system 10 as
required. It will be further understood by a person skilled in the art that the low angle darkfield

illuminator 2g@ndXhendigh Apgirvdaukiigld iluminatend0mav.Renisarateshas arangeRQdarkfield

illuminator, which may be flexibly positioned as required. The brightfield illuminator 26, also known as
a brightfield fMAMEtoREsERES Aisebightndhy ifaPHIFAGOANSHIEE MAgS s BF SRIREbHBfield
illumination @héigiMe Thger 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
FIG. 24 is a process flow diagram of a first exemplary three-dimensional wafer scanning

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

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

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

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

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

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

step of the method of FIG. 17.

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

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



brightfield illuminator 26 is for example, a flash lamp or a white light emitting diode. 25 Preferably, the
brightfield illuminator 26 supplies broadband brightfield illumination comprising wavelengths of
substantially between and including 300nm and 1000nm. It will however be understood by a person
skilled in the art that the brightfield illumination may be of alternative wavelengths and optical
properties. 17 brightfield illuminator 26. Preferably,1the first optical fiber acts as a waveguide for
guiding direction of travel of brightfield illumination. Further preferably, the first optical fiber facilitates
directing of the brightfield illumination emitted from the brightfield illuminator 26. 5 The low angle

darkfield illulRSFEtEP 8 HHE (ETYH A5 S BUFRASHS AL Wt 3D S e A b RASA 8 85t KREId
illumination sopiees), @ntd@mitzor supaliespdanidieldsituminatiaathbaykfield illuminators are carefully
aligned illumination or light sources which enable minimization of the quantity of directly transmitted (or
un-scattered) light 10 entering their corresponding image capture devices. Generally, image capture
devices for daptaiingudankhieid inhagesmeoaidestamyaiibumipatioonoylightsthed hashbdenapabltered by a

sample or ohject. Darkfield. ima erall nhanced.image contrast as compared to brightfield
mages: Brma R A B e e e, 15
The low anghedbrkfispddtiomirfasomB®rdwg tthevsthisargid cd arkfieton gl gpninguort B0 arerfdesgample flash

lamps or whjig lightemitRg cdas-RIGIE AR A e HRrkIR! W mIn AN SHARISEL ARGREN,OT the low

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

optical propeptiteBthEBitghtidl ¢ RumIR BRI IMorsHRcbieay atrn tidHéas anfumFeiion supplied
by each of thglow.anpale.darkdjalchilluryinaior 48 andi faahigh angle deekfieldallHpinatpr3Qyis

preferably a broadband darkfield illumination comprising a wavelength of substantially between and

includify 300 €5 SHBRH A RS ATARIGRI R IR AR HRARSTAFHIMMAEY sSEuke‘theigh angle
darkfield illuiminataicdRdsdnrpndadtdield dliimynatioso eficdidfrsest wavelpagtns a.2&athpeapical
properties The low agglf darkfiel HPuminator 28 is @t a IO\égfr angle, as compared to the Ei h angle
darkfield illuthitATEAS0LE SRS ones BEHE of the LdFicBAERIESE wiiei B B thdWvafer table
16 (or to a hanzauiebplanéd afafhervdaiaraiahlel6gnfosmexaropleatte |owvrdddn gtetiaskialchdluminator
281s prefer%Qchagﬁltlc%n ng%ﬁa”sg‘&ﬁ:'gn Lgt%EW%g e}Qres‘?l&”da manual selection can result in
15 inaccuracies and inconsistencies in the derived reference images, and therefore
consequent inspection of semiconductor wafers. Accordingly, there is a need for
improved training methods or processes for deriving reference images to which

subsequent captured images of semiconductor wafers can be compared.

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

issues.

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

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



thirty degreesto the horizontal plane of the semiconductor wafer 12 placed on the wafer 18 table 16. In
addition, the high angle darkfield illuminator 30 is preferably positioned at an angle of between thirty
and eighty-five degrees to a horizontal plane of the semiconductor wafer 12 placed on the wafer table
16. The above-stated angles are preferably alterable as required by adjusting the position of each of
the low angle 5darkfield illuminator 28 and the highi@ngle darkfield illuminator 30. Each of the low
angle darkfield illuminator 28 and the high angle darkfield illuminator 30 preferably comprises a second
and third optical fiber (not shown) through which the darkfield illumination travels before being emitted
therefrom. BSM $RBUSIS RS BROHF 2 UhheaPrbRS Heied da siRiRgIE o GhiliiY lFRStion of
travel of theaddridietdmvilitemination through each of the low angle darkfield illuminator 28 and the high
angle darkfield illuminator 30. In addition, the second optical fiber facilitates directing of the darkfield
illumination emitted from the low angle darkfield illuminator 28 and the third optical fiber facilitates
directing of the darkfibig islymematibfoemitiedifrosetheohilyictanglefds Hankfiblawtumifiaior 3Gd
lllumination lied by each of the brightfield illuminator 26, the low angle darkfield illuminator 28 and
the high and I AR T adar 10 o [ bt B e S e et o
pulsed. The Wasaslenlgeh pestdinier ohbiesttithe eilightfraidcitudniterticlvaers darkbaiddlientinations 20

preferably eplianee aectirany ohiospection hdelectdsiartipn e AEMAUCINATRYS 12

Broadband illumination preferably énables identification of a wide range of semiconductor wafer defect

types with VEFANd sarfeder refesipsiabien (ila difioviien shaigkilap broaBpandwake dngHeRttisoth the
brightfield illymrinatignianestog drskfield itieminationgenakie thsiinspectionHeihenaterdh%to be

performed independent of 25 reflective characteristics of the semiconductor wafer 12. This means that

the detdctiof '8t Jerae st tisdelisicandbtiotiwirermonivinbl terabty Hdewd erfaedirofyadiuenced

due to differgmtgaisitivities ourelegtivenassQr peldrergion . of the semiconductor wafer 12 to different
illumination wavelengths. 19 respectively can be selected and varied as required depending on the

semiconductor wafer 12 characteristics, for example material of the semiconductor wafer 12. In
addition, theTintenpsitasiafpeagbnolidhe btightiteldillimtinaticnandHarkfiedchphiveinatiomdaant be

selected a”?u‘{;?nrfﬁa &3 "t '{Igen‘é’gé’rf%{{‘ 1P AR %?'We?érh’ﬁf‘ etgec%%%‘éaeld {91 10835 efugpnguctor wafer
12, and for enhancing inspection of the semiconductor wafer 12.
15  comprises a brightfield illuminator 26, a low angle darkfield illuminator 28 and a high
angle darkfield illuminator 30. It will be understood by a person skilled in the art that
additional darkfield illuminators may be incorporated into the system 10 as required. It
will be further understood by a person skilled in the art that the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 may be integrated as a single

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

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

may be of alternative wavelengths and optical properties.

30  The brightfield illuminator 26 preferably comprises a first optical fiber (not shown)

through which the brightfield illumination travels before being emitted from the



As shown in FIG. 7 to FIG. 9, the system 10 further comprises a first image capture device 32 (i.e. a
first camera) and a second image capture device 34 (i.e. a second camera). Each of the first image
capture device 32 and the second image capture device 10 34 is capable of receiving brightfield
illumination supplied by the brightfield illuminator 26 and the darkfield illuminations supplied by each of
the low angle darkfield illuminator 28 and high anglegdarkfield illuminator 30. Brightfield and darkfield
illuminations received by or entering the first image capture device 32 is preferably focused onto a first
image capture plane for capture of correspondinF% images. Br?ifhtfield and darkfield 15illuminations

received by st thd B0 mPintAgfe By Fae gL O P SR Ay b AuSdy A s &¥%nd image
capture plangiltingajpicteoafctaraesponblitdifiedddiuniinediist Fndge papéursl daticairsPopridathe second

Image captutg de a"iﬁtét‘%ﬁc%ﬁ’}e‘fjﬁngﬂé‘ E[mqtglr%i?qg%mal Q6 colon Images. B;?ﬁe{gg'%ﬁg%‘%ﬁ%?d“ty 0
capture, using single or three ip color sensor, color images of the warer 12'enhances at least one
of accuracyidnchspeed6f 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. 25The optical inspection head 14 further
comprises alfissiaubendasiadficrdudbimitiatie2frenihihg dichprogte dvidee B2illvnzdaitiod) thre optical

inspection haaol 34, wihel COMPHsRS ARGARNELINDS IFOS 38.4ar W56 With (he aeQndiMag capture

device 34. Each of the first tube lens 36 and the second tube lens 38 preferably share common optical

characteristié&aHR4aRAciMs A cBbemighothatsardmde sagethdlsemaieh os i eied ¢he first tube
30lens 36 apghithecsasRGHREARRM 33 ﬁ@%fuamftf%mwl fieladiddh e PRlicRhinspertigh head 14

also comprises a number of objective lenses 40, tor example four objective 20 )
entering their corresponding image capture devices. Generally, image capture devices for

capturing darkfield images receives only illumination or light that has been scattered by a
sample or object. Darkfield images generally have enhanced image contrast as compared
to brightfield images. Brightfield illumination and darkfield illumination are examples of
contrast illuminations.

15
The low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 are for
example flash lamps or white light emitting diodes. Preferably, the darkfield illumination
supplied by each of the low angle darkfield illuminator 28 and the high angle darkfield
illuminator 30 is of substantially similar optical properties as the brightfield illumination.

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

25  other optical properties

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

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



lenses 40. The objective lenses 40 are collectively mounted on a rotatable mount 42 (as shown in FIG.
3), which is rotatable for positioning each of the number of objective lens 40 above an inspection
position (not shown) or semiconductor wafer 12 positioned for inspection. The objective lenses 40 may
be collectively referred to as an objective lens 5assembly. Each of the number objective lenses 40 is
used to achieve different magnification and they arggparfocal. Each of the number of objective lens 40
is preferably of a different predetermined magnification factor, for example five times, ten times, twenty
times, and 10 fifty times, Preferably, each of the number of objective lenses 40 has a corrected
aberration iy AU Hotw el 85 T 8 ) A BERIGR dnase i A HAvEdch  the
number of ohjgktivef lensescantiachanpes ditydilesigogddo achieveddifierant pragnitication and
performancethereof, 15Fach.of {he jow. angle darkfigld fljyminator, 26 and the. high angle darkfield
illuminator 30 pre?eraﬁﬁy comprisés focusing means or mechanisms for directing orq‘%cusmg the
darkfield illupnéfictibly thiBeefbbenatonepds:thd seaicomgudior weifernl 2fpesitontdhat the insglection
rgligﬁior 28 g)g%he horizontal plane of the wafer

position, Th aﬂgl betwee thggl W. an_)Le arkfiel "l&ﬁ
12 andn:[she agr% e ?%%V%%rghnthg Ig ngr?}é e lc?glrﬁﬂéll%gfé iluminator 30 and the horizontal plane of the

wafer 12 are preferably determined and adjustable for enhancing accuracy of defect detection.

Preferably, each gf ihe Jowang'g.datkielfulimigpsy #8 archibe HgR angsArHigd dymgator 30

has a fixed spatial position with reference to the inspection position. Alternatively, the position of each

of the low aREHEEHRIKFIENM I natsE oS atid tHETHigR s 1 BRea iRt shrUI nAtergo Tehpsby fifable with

reference toghRrBRPELIGRRRAULR AVHRE ROBERE @RAIRHAALLE RS SHIENMI Qebhdasaringd above,
both the brightfield illumination and the darkfield illuminations are focused at the inspection position.

The brightfidetittliiRgtioAshdtn® davasidesdnfustitine irsiivgehatihelindhasiskisbeiion
illuminates thriseimireNgheieh Waderok2henshe perd endtienaoi pasitiones ahtheninsRactisndosition.

darkfield illuminator 30. In addition, the second optical fiber facilitates directing of the
darkfield illumination emitted from the low angle darkfield illuminator 28 and the third
optical fiber facilitates directing of the darkfield illumination emitted from the high angle
15  darkfield illuminator 30. Illumination supplied by each of the brightfield illuminator 26,
the low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 can be

controlled, and can be either continuously supplied or pulsed.

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

different illumination wavelengths.

30  Preferably, intensities of the brightfield illumination and the darkfield illumination

supplied by the brightfield illuminator 26 and the darkfield illuminators 28, 30



21 As shown in FIG. 6, the system 10 comprises a wafer stack 20 or film frame cassette holder. The
wafer stack 20 preferably comprises slots to hold multiple semiconductor wafers. Each of the
semiconductor multiple wafers are sequentially loaded or transferred 5 onto the wafer table 16 (as
shown in FIG. 4) or wafer chuck by the robotic wafer handler 18 (as shown in FIG. 5). Preferably, a
suction or vacuum is applied to the wafer table 16 fier securing the semiconductor wafer 12 thereonto.
The wafer table 16 preferably comprises a predetermined number of small holes or apertures through
which vacuum is applied to enables a reliable and flat position of a flex frame tape and a frame (both

not 10 showrPEHIE e A Seieah 2 e sl iabiaUs ds SRRy iigeP bt hca sy AUtS Randle wafer
sizes of a rangebEX\ieencand o) folirgshpRndatarely efi tehesnisdidneiew aldel vdfesdaidilen] 6 is

coupled to the XY-displacement table Zlé .sgdo nin FIG. 1 gFI ..2),,which enables the
Cremaoemo o SR D 16 e ren s ol i B MR SHRRE 0”1 16
correspondisgjbgteisplad egatiel sesniegnatedtdonvaibad@nglageditheo omB2rsfergblyetheididgplacement of

the wafgr table 8, Anddsnae displaement olis sRASAAdEIRL walen ke placedingieon. is
controlled for controlling the positioning of the semiconductor wafer 12 at the inspection position. The
XYdisplacement table 22 is alternatively known as an air-gap linear positioner. The XY- 20

displacemen {agl&,22; O1rs:9RRIRRG FOFIENELIACIHaiFHLAIAD RIRRSOD fisPlacsmentafshe wafer

table 16 in the X- and Y- directions with minimal effect of vibration transmitted from the rest of the
system 10 tdari€enddeti table 6t fitneridured anserthdatbagectraitipdsitienint Githe sesaitbnductor

wafer 12, 0rcarﬂaajoﬁme@Qﬁ@ﬁﬁi@ﬁ&%@%@%@@é&ﬁ@gz\%@m@lyeegﬁhqa%@&@lﬁ@ml&table 22

and wafer table 16 is mounted on 25 the dampeners or vibration isolators 24 (as shown in FIG. 2) to

absorb Shocks i cinabitiohsecshvne Righife hileninationes wlish by Wsdoghtisibdiueiraionccessories
mounted thexeaid thyvilhireidppneeiaiegony aipsis@Bskillehnibeoarhthat aligmalvaumachanisms or

devices may be coupled to or use W'H; ﬁhe wafer tahle 16 c%%ﬁr lling the dtils acement thereof, and
for tacitatinghnith APEISiOH i o HEPORERE vl SELER G b 1 ot Ao
position. 22Zeceived by or entering the first image capture device 32 is preferably focused onto a first
image capture plane for capture of corresponding images. Brightfield and darkfield
15  illuminations received by or entering the second image capture device 34 is preferably

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

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

semiconductor wafer 12, and correspondingly false rejection thereof.

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

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

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



The inspection of the semiconductor wafer 12 for detecting possible defects thereon is performed
while the semiconductor wafer 12 is in motion. This is to say, the capture of images, for example
brightfield images and darkfield images, of the semiconductor wafer 12 preferably occurs as the
semiconductor wafer 12 is being displaced across the 5 inspection position. Alternatively, every new
semiconductor wafer 12 may be stopped under thegmaging means to capture high-resolution images,
if the user so chooses by programming the wafer table 16 (i.e. by software control of the wafer table
16). As previously mentioned, the system 10 further comprises the first tube lens 36 and the 10
second tubd9BifS 38 PherRRasNY HEGDE Yets SR BYSHi SIS A A WL IS QKA fens 40 and
the first imagieosapiiv G eYjc&d2h iluminabie fq@gssasotinguablilé fikshiuiieteBdetorenentering the
firstimage Cﬁpt%re device 32.tFurthertPref(erat1b d)th second tlﬁge Itens 3 is1 ositioned (PFtween the
objective lense$ 40 a4 'the8secony’ f’%ngﬁe%%pstur‘évn eVice 347 uurﬁl%%%nef)ass%%s%?gﬁghotrhe second
tube lens 38mpecdefietTteddbyeativiirtarst S prisyrbé thldfaiecdntefig the sscondbipiaiye apture device
34. Eac:g] of é[lpse Iﬂﬁfnber of objective lenses 40 has a corrected aberration in infinity. Accordingly, after
passing througeh the ‘objective lens 40, illumination or light is collimated. This is to say, illumination
traveling between the objective lens 40 and each 20 of the first tube lens 36 and second tube lens 38

is collimateds,The, collimatian of #juminafionlemveen e ghiggtve lins:dd angd sachRhigdirst tube

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

image captubs¥aiceadocahdFasd sédbadivmhee daphifeivelrds 34 fedpeletivly of Reditigitithentation of
the tube leng%&@f&%&isﬁagumm fheonerd teaafrcys dluminatiang <3 eWieripe Sachad the first

image capture device 32 and the second image capture device 34 when different objective lenses 40
are uséll (foh Xt WA aReréAtin g iifc Ao eacoreRrs g sy, Y it rFomerEdilimation of
illumination ipereasesigasamiyintioductionard Rosiiteniaghaftaddijanah Qriital GOMPARENs O
accessories into the system 1Of articularly between the objective lens 40 and each fthe first tube
lens 36 30afitf he SRR EHE' W&%"é’?éﬂ?fﬁ%ﬁﬂ fefARRECther BiifitiaREh AR AlS Bhables
in-situ introdusgitifi @nidpasitisiderehadditiandl optical components or accessories into 23 the system
10, particularly between the objective lens 40 and each of the first tube lens 36 and the second tube
lens 38, without a need for reconfiguring the rest of the system 10. In addition, this arrangement helps
to achigve |bageoitbeking disianeekbietddbmobjectiteaehtd digndigle dakficthductorawafzd 12,

compared t%ﬁ&%%a%ﬁ%@o%a‘&ﬁé@?@&ﬁﬂg'%%%'&%r mechanisms for directing or focusing the
darkfield illumination therefrom towards the semiconductor wafer 12 positioned at the

inspection position. The angle between the low angle darkfield illuminator 28 and the

horizontal plane of the wafer 12 and the angle between the high angle darkfield

20 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

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

10.

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

or the portion thereof, positioned at the inspection position.



5Longer working distances between the objective lens 40 and the wafer is necessary to use darkfield
illuminations effectively. It will therefore be appreciated by a person skilled in the art that the system 10
of the present invention allows for flexible and in-situ design and reconfiguration of 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 system 10. The first tube lens 36 facilitates
focusing of collimated illumination onto the first image 15 capture plane. Similarly, the second tube
lens 38 facilitates focusing of collimated illumination onto the second image capture plane. Although,
tube lenses are described for use with the system 10 in the present description, it will be appreciated
by a person/skisieshin therBet Maﬁhalt@mativﬁ)amiﬁpﬁsi@vk:e&ﬂar maﬂhanismﬁlmafyab& usedtior enabling
collimation %f HJmlT tion dfn;orecipg |f|c 2 eh?z brighfield |I umlnahg criﬁrkfleld 20illuminations,

11S € Semic uctor
and the subsequen ocusmg ereo Fof the ?Srss( image captm ane and the“sécond image

capture planmfaspﬁanheiﬁ/ﬂﬂémmrs@mmmgﬁ captiyre detice32 aqdemm]skgd:orrdﬁbdmagmrsﬁamde device 34
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image 25 capture dewce image capture device 34 are etermlne or reducing
space occupiethbyhterfintifage Eagtunblpevivs@mand eusecorplmdetbaptaier ddlickd34 such

that the sysiem 10, QECHRIRS A SDAIRIIBIRLAIGR (12 1R SBACS GHICIGARL taﬁé""f%%@ﬁ gystem 10

further comprises a number of beam splitters and minors or 30reflective surfaces beam splitters
and mirrors Wf@@,g@@@ﬁﬁgé@@g@ﬁ@g%@m@ﬂ holes or apertures through which vacuum is

applied to enables a reliable and flat position of a flex frame tape and a frame (both not
10 shown) onto the wafer table 16. The wafer table 16 is also preferably designed to handle

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 enables the displacement of the wafer table 16 in an X- and a Y- direction.
15  Displacement of the wafer table 16 correspondingly displaces the semiconductor wafer
12 placed thereon. Preferably, the displacement of the wafer table 16, and hence
displacement of the semiconductor wafer 12 placed thereon, is controlled for controlling
the positioning of the semiconductor wafer 12 at the inspection position. The XY-
displacement table 22 is alternatively known as an air-gap linear positioner. The XY-
20  displacement table 22 or air-gap linear positioner facilitates high precision displacement
of the wafer table 16 in the X- and Y- directions with minimal effect of vibration
transmitted from the rest of the system 10 to the wafer table 16 and ensures smooth and
accurate positioning of the semiconductor wafer 12, or a portion thereof, at the inspection
position. Assembly of the XY-displacement table 22 and wafer table 16 is mounted on
25  the dampeners or vibration isolators 24 (as shown in FIG. 2) to absorb shocks or
vibrations, and to ensure flatness of the assembly and other modules or accessories
mounted thereon. It will be appreciated by a person skilled in the art that alternative
mechanisms or devices may be coupled to or used with the wafer table 16 controlling the
displacement thereof, and for facilitating high precision fine positioning of the wafer

30  semiconductor 12 at the inspection position.



positioned for directing the brightfield illumination and the darkfield illuminations from each of the low
angle darkfield illuminator 28 and high angle darkfield illuminator 30. Preferably, the system 10 further
comprises a central processing unit (CPU) with a 5 storage memory or database (also known as a
post processor) (not shown). The CPU is preferably electrically communicatable with or coupled to the
other components of the system 10, for example tte first image capture device 32 and the second
image capture device 34. Images captured by the first image capture device 32 and the second image
capture device 34 are preferably converted into ima%(%? e%ignals and transmitted to the CPU, 10 The

CPU is proghafn s sy Prdle SEmig IRieadye Lo RAS R gEECtr el thereto to
thereby detgetfdefectsypitseiat @mibengecnconductid waiandiZo IEfieyably, dhe detectiomcasfdefects on

the semiconductor ¥vafer 12f§§r?ﬁrf%ré] d automch Il a‘é)e(\:{ he sgyste 10, and m rgtg,lpec%flgally by the

CPU. Furthérrn&gg%r%ffattﬁ@ IASpecC IO G S8Micoh of Warers gl%iefﬁlé:os%/s em 13 automatic,

and controlléd yeteen@ P WUcAlteraatielysetheandpaotiomabésdRicorvdinggodisrafecd kizrffoss thieedetection
of defects is. facilitated by at least one.manual input. The CPU. is nrogrammable far storing jnformation
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transmifted thereto in & database. In tio e IS programmable for Class detected
defects. In additiofethima@PR meansfératsigtprofrgmiereti fomstovaes pib des seet isforheationbmore

specifically the nracessedimages.adidsiacts,deieeiad g slaiahase: Eiihegdetails regarding

capture of images, processing of captured images, and detection of defects on the semiconductor
wafers 12 are provided below. 25 It will be appreciated by a person skilled in the art, using the

description proyideralpveuthasdnenRrighilislc: Hluminationpritiethi amausuRAliesshydhebrightfield

illuminator 26 and the darkfield illuminations emitted from each of the low angle darkfield illuminator 28

and théthigh g YaPKHER MurRTREaP 30 thefuhtattds rdfeltalptyigadabriaN e 3R or DLA
illumination rAgdadieidivghsangleoedphif demiaaion espectvehdseathdoliows adiffesent ray path
or opical pal, 2 AIONShartof 41 RASTIRIED iRt AR 195 Rlwes by e gl uminaton
tube lens 38 is positioned between the objective lenses 40 and the second image capture
device 34. Illumination passes through the second tube lens 38 and deflected by a mirror

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

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

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



5In a step 102 of the first ray path 100, brightfield illumination or light is supplied by the brightfield
illuminator 26. As previously mentioned, the brightfield illumination is preferably emitted from the first
optical fiber of the brightfield illuminator 26. Preferably, the first optical fiber directs the brightfield
illumination emitted from the brightfield illuminator 26. The brightfield illumination preferably passes
through a condenser 44. 10The condenser 44 conggntrates the brightfield illumination. In a step 104,
the brightfield illumination is reflected by a first reflecting surface or a first mirror. Brightfield illumination
reflected by the first reflecting surface is directed towards a first beam splitter 48. 15 The first beam

splitter 48 réRBSIS AP sPH SBVEER BF e BASHAREENEN Mt ARG HE SGHE R £%el 106.
Preferably, thie! fiistsbaam wpbtiersAR hagliet eeto i ansmigsicng ReMesatio thé S Itowik however

be understood.by a person skilled in.the art that. the R/T ratio of the first beam splitter 48 can be
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transmitted teerdbynd hiee baginthiadaiclunwaitida, refleptectiby the if stsbéanesplitieed@pmditected

towards-the,inspection position. More.s ifically. the brightfield illumination reflected the first beam
I 1B hR iR %[ ! i H Y

it 3o L Angeraanelian ore SRericall R TIATIF T R RIS rdle |

position. In dastdjgld0Bumhiadtioghtfiédtitelninator 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 30inspection position,

illuminates tHe'aB Hietshergchsranpesiatod ke Rgseifiddllpdra Pisrapntertte septfebhlritdravafer 12,
positioned gftheNSRSCHOMPABILRR- 10,2 A&l QyihneigGiriahtfigld iminatian dareflected by the
semiconductor wafer 12 fposltloned at the inspection position. ' '
components of the system 10. The system 10 of the present invention enhances ease of
introduction and removal of optical components or accessories into and out of the system

10.

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

plane and the second image capture plane respectively.

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

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

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

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



Brightfield illumination reflected by the semiconductor wafer 12 passes through the 5 objective lens 40
in a step 112. As previously mentioned, the objective lens 40 has a corrected aberration in infinity.
Therefore, brightfield illumination passing through the objective lens 40 is collimated by the objective
lens 40. The degree of magnification of the brightfield illumination by the magnifying lens is dependent
on the magnification factor of the objective lens 40240 Brightfield illumination passing through the
objective lens 40 is directed towards the first beam splitter 48. In a step 114, the brightfield illumination
strikes the first beam splitter 48 and a portion of thereof is transmitted through the first beam splitter
48. Extent RS BHgHietrafinsraa ot B HSHHBEYRASOg e i SRS JPHEEP AR tFdStep 114
15depends equlihg RET satin gitbaritiist bikmmisplite’ 48 d Biighifigld ddvmiglatiDantiansasted through the
first beam splitter 48 travels towards a second beam splitter 50. The second beam splitter 50 of the
system 10 is preferably a cubic beam splitter 50 having a predetermined R/T ratio. Preferably the R/T
ratio is 50/50reTratRyT thetioystay b 20nanecbaprseuineceniné pulicsbegmisplitdibovisthreferred

becauseg the cubic bean. splitter splits illymination recejved thereby into, two ica hs It will
aratort bo SIS REATAPUY AR AP A I B0 LS AR N PG RERS

illed in the art e contiguration and shape of the cubic
beam splitteprs@millypetrdidis dbtterpenfoica@hbe vaitltl aligeuntadt fothhisthersoswoBsenobflilumination

reflected or Lapsmiged Y 0% SRR 4iRe AL SP G0 &8 HEPSRUGALRL H% 4P iﬁ(&rgéactégtﬁfethe second

beam splitter 50. In a step 116, the brightfield illumination strikes the second beam splitter 50. The
brightfield illdgHifRaddn 5MaRR S MREITSSahY Sptifiestisnaigserapans Antes therashibagRcopdeiieised thereby.

Brightfield illyminatipitansmitted thieuab ine secondihtamapliieROuavaladavaidsdithe first

image capture device 32. The brightfield illumination passes through the first tube lens 36 in a step
118 beffere entering the first image capture device 32 in a step 120. 27 The first tube lens 36 helps to
focus the cottipated bighiietchithamin appooéesthe fiissimaga, captdrepRlianelnt the filshinage capture
device 32. Brightfield illﬁgination foc seg ontc\)ﬁthge first image capture Rllanedenables ap{lire of a
brightfield irﬂé%%ﬁ}%é TSt ImAdBeEaptUTegbviELeg, present on the semiconductor: wafer12.

Preferably, the detection of defects on the semiconductor wafer 12 is performed
automatically by the system 10, and more specifically by the CPU. Further preferably, the
15  inspection of semiconductor wafers 12 by the system 10 is automatic, and controlled by
the CPU. Alternatively, the inspection of semiconductor wafers 12 for the detection of

defects is facilitated by at least one manual input.

The CPU is programmable for storing information transmitted thereto in a database. In
20  addition, the CPU is programmable for classifying detected defects. In addition, the CPU
is preferably programmed for storing processed information, more specifically the
processed images and defects detected, in the database. Further details regarding capture
of images, processing of captured images, and detection of defects on the semiconductor
wafers 12 are provided below.
25
It will be appreciated by a person skilled in the art, using the description provided above,
that the brightfield illumination emitted from or supplied by the brightfield illuminator 26
and the darkfield illuminations emitted from each of the low angle darkfield illuminator
28 and the high angle darkfield illuminator 30 (hereinafter referred to as darkfield low
30 angle or DLA illumination and darkfield high angle or DHA illumination respectively)

each follows a different ray path or optical path.



5 The brightfield image captured by the first 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 CPU is also known as data transfer. Transferred brightfield images are then at
least one of processed by and stored in the 10 CPU. Brightfield illumination reflected by the second
beam splitter 50 travels towards the second imagexsapture device 34. The brightfield illumination
passes through the second tube lens 38 in a step 122 before entering the second image capture
device 34 in a step 15 124. The second tube lens 38 helps to focus the collimated brightfield
illumination onto the second image capture plane. Brightfield illumination focused onto the second
image captuseffolatiearnables-cagilig 6ia Ryghifiel 00mageyvby thalrcoosidiiglageuasphtieh device 34.
20The brightLieId imq:qg cla(ptured by the second image capture plane is preferably converted into
image signaﬁs?‘?‘ﬂénimage Signals are subsequently transmitted or downloaded to the CPU. The
transmission of image signals to the programmable controller is also known as data transfer.

Transfegred brightfield images.are then at one of pracessed by and staored inithe, CPU. 25 A
fowehai of it Sheini o s L e e B R R OB Cmimation
is shown in Fﬂ‘@htﬁQd Iﬁlmwozo%oféhememﬁdyawpﬁhl@do,ttmﬂhriﬂhiﬁﬁhétwﬁﬁ@@mliéti by the
high angle JdankfiRld Huminaler A BERuayRk BEM R R SAERRC CRUGR HbREAiGTerably
helps to direct the DHA illumination supplied from the high angle darkfield illuminator 28 30.
Preferably, the BrAdntisdinbhen derertechy Risghibaldtithenmabettion pedifiomwirovighHisdd to pass

through optigRlFMBPRENtEHEI REARESRIIARIRARAMPIENEI PRHIRSUVRHENSAQ: condenser 44.

10 The condenser 44 concentrates the brightfield illumination.

In a step 104, the brightfield illumination is reflected by a first reflecting surface or a first
mirror. Brightfield illumination reflected by the first reflecting surface is directed towards
a first beam splitter 48.
15

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

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

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

the inspection position.

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

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



5In a step 204, DHA illumination directed at the inspection position is reflected by the semiconductor
wafer 12, or the portion thereof, positioned at the inspection position. Reflected DHA illumination from
the wafer passes through the objective lens 40 in a step 206. The objective lens 40, which has a
corrected aberration in infinity, collimates the DHA illumination passing therethrough in the step 206.
10 DHA illumination passing through the objective dgns 40 is directed towards the first beam splitter 48.
In a step 208, the DHA illumination strikes the first beam splitter 48 and a portion thereof is transmitted
through the first beam splitter 48. The extent of transmission of the DHA illumination through the first
beam splitte? 4B LS JERERHIISR i?it‘??g??ﬁdrgﬁotﬁ? tHETRFSPERARN SRR 48PSR i EHon
transmitted thspgiodh@ditgidoeam splitter 48 is directed towards the second beam splitter 50. In a step
210, the DHA illumination strikes the second beam splitter 50. Transmission or reflection of the DHA
illumination striking the second beam 20splitter 50 is dependent on the R/T ratio of the second beam
splitter 50. Dihitfurkindition itains métledi¢drbygth¢heesecontdeamadplitier ppasdesugiroigh the first

tube lens 36,ip 3, RERA12 pefore.eNerig e MISIMATE SRRINEE dRvick; 33,1 astenPAd, The fist

nt
t .
tube lens 36 gps fo focus thne%gﬁal%ated umirtation onto the firs image capture plane of the

first image cmm@@@?megn mmfmwimdmdgghﬁiﬁd ﬂh@ﬁﬁsam@esemgtmh@pmé{@na}bles
capture of agardield image;raone.spasfieally sfiatkiieldRiah angladREA) Mage ke st image
capture device 32. Alternatively, DHA illimination is reflected by the second beam splitter 50.

Reflected 30SH® ghtifisidatibrmifaintHey sdeomagain s hitteisstensadedls ah rhgghaad l4etisnd tube lens
38 in a step2d@hafarepetinathe gecond image capture device 34 in a step 218. The

10
Brightfield illumination passing through the objective lens 40 is directed towards the first
beam splitter 48. In a step 114, the brightfield illumination strikes the first beam splitter
48 and a portion of thereof is transmitted through the first beam splitter 48. Extent of the
brightfield illumination transmitted through the first beam splitter 48 in the step 114
15  depends on the R/T ratio of the first beam splitter 48. Brightfield illumination transmitted

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

The second beam splitter 50 of the system 10 is preferably a cubic beam splitter 50
having a predetermined R/T ratio. Preferably the R/T ratio is 50/50. The R/T ratio may be
20  varied as required. The cubic beam splitter 50 is preferred because the cubic bean splitter
50 splits illumination received thereby into two optical paths. It will therefore be
appreciated by a person skilled in the art that the configuration and shape of the cubic
beam splitter 50 will provide better performance and alignment for this purpose. Extent
of illumination reflected or transmitted by the second beam splitter 50 is dependent on the
25  R/T ratio of the second beam splitter 50. In a step 116, the brightfield illumination strikes
the second beam splitter 50. The brightfield illumination striking the beam splitter is

either transmitted therethrough or reflected thereby.

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

tube lens 36 in a step 118 before entering the first image capture device 32 in a step 120.



29 second tube lens 38 helps to focus the collimated DHA illumination onto the second image capture
plane of the second image capture device 34. DHA illumination focused onto the second image
capture place enables capture of a darkfield image, more specifically a darkfield high angle (DHA)
image by the second image capture device 34. 5 A flowchart of an exemplary third ray path 250
followed by the darkfield low angle (DLA) illuminatigm is shown in FIG. 12 In a step 252 of the third ray
path 200, DLA illumination is supplied by the low angle 10 darkfield illuminator 28. The third optical
fiber preferably helps to direct the DLA illumination supplied by the low angle darkfield illuminator 28.
Proferably, (1 IR MAtSGh IS RSl 1lE 8 Ll EisHeich HBEHEHRARBL DhSEH to pass
through opticalgocapanepisneroddeessariesgtorpraniieitee3 Dbt RS 4 nkbkn dsiee P54, DLA
illumination directthad tat Ehe ins ectiton pgsition i [eflect d by {he sem#omﬂuctor vséaf(% 12, or the
portion theré)(l)l%?pogitlg%eﬁngtg CeaPnlslfOGe fon 58& ion: Refiected” [HEI&I Umination from the wafer passes
through the nlgjectivptiendedicin3d.step 256. The objective lens 40, which has a corrected aberration in
infinity, gollimates the DLA illumination passing therethrough in the step 256. 20 DLA illumination
passing through the objective lens 40 is directed towards the first beam splitter 48. In a step 258, the
DLA illumindtierbsigikéslthofagt badniedphitehesSrantragsostipikhelenss is prafesablyechttvastegh the first

beam splittef, 48;, T3¢ ﬁ??%ﬂté_ qﬁéﬂﬂ%ﬁ%&‘ﬁ@&@%@k@d‘éﬂﬂyQ%Q&ﬂ%&%%&%l@%ﬁ%%ép"tter 48 is

dependent on 25the R/ o of the first beam splitter 48. DLA illumination transmitted through the first
beam splitter 28 id Bfrdexadmishieidef tHaagscogBbe i (Rl 50. Ak kteppes, dr@ trasifitimination

strikesdtge secRRR Reamsalitan 3hakransaniasiPn aLaflsction pidhaLd-Ayimination striking the
secon eam
10 CPU.

Brightfield illumination reflected by the second beam splitter 50 travels towards the
second image capture device 34. The brightfield illumination passes through the second
tube lens 38 in a step 122 before entering the second image capture device 34 in a step
15  124. The second tube lens 38 helps to focus the collimated brightfield illumination onto
the second image capture plane. Brightfield illumination focused onto the second image
capture plane enables capture of a brightfield image by the second image capture device

34.

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

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

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

helps to direct the DHA illumination supplied from the high angle darkfield illuminator



30splitter 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 through the first tube lens 36 in a step 262
before entering the first image capture device 32 in a step 264. The first tube lens 36 helps to focus
the collimated DLA illumination onto the first image capture plane of the first image capture device 32.
DLA illumination focused onto the 5first image captge plane enables capture of a darkfield image,
more specifically a darkfield high angle (DLA) image by the first image capture device 32. Alternatively,
DLA illumination is reflected by the second beam splitter 50, Reflected DLA illumination_ from the
second beart sPITtHst BBy pH¥sdZHAY JUYARPRLILR ISRl 1R a8 ifPe LeResRaHBASH Bntering the
second imagethapturenclavice gddntarsligh 2p8calheageonatiube deasBikie|psrtedaapsthie:collimated

DLA iIIuminatki)on ont? the second image capture plane of the second image capture device 34. DLA
. L ective Iens 4(). h . .
illumination fOCUSEd onto the second image capture place enables capture of a darkfield image, more

specifically a darkfield high angle (DLA) image by the second image capture device 34. 15 It will be

appreciated,hy a per led.in the art fram. the description provided ahove that the, DHA illumination
DA B e e R e 8 uctor
wafer 12. Hetveigendtistosegoiad 13y pathc2p00raénhdidieh iHostinatibataihd theptvitidragopatm 250 of the

DLA illuminggion cain B 2 Qaivdss v aligred arFeANSdHiSINg IGCBIAURR oD i thert. In

addition, the angles at which the DHA illumination and the DLA illumination strike at semiconductor
wafer 12 po3ftforidl 2biRelivisiactith plafiobrmaydecagilishsaraiioreuirdintor ealiamrtgccuracy of

defect deteqjpn, fRLEXADRIFah8 ARG R BLWIghHhGd3HAglllumination and the DLA illumination strike
at semiconductor wafer 12 positioned at the inspection 25position may be adjusted depending on type

of semi€onductor wafer 12 positioned at the inspection position or type of wafer defect that a user of

the system Bhwishesitoeaieeksiaiatonmagesaindt: tRasbAsinages tapiue iy sachahthe first
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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 first beam splitter 48.

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

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

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

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

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

38 in a step 216 before entering the second image capture device 34 in a step 218. The



30 which are subsequently transmitted or downloaded to the CPU. The transmission of 31 image
signals to CPU is also known as data transfer. Transferred DHA images and DLA images can then be
at least one of processed by and stored in the CPU as required. As previously mentioned, the first
image capture device 32 and the second image capture 5 device 34 have predetermined spatial
positions relative each other. The use of the objectdge lens 40 together with the first tube lens 36 and
the second tube lens 38 facilitates the spatial positioning of the first image capture device 32 and the
second image capture device 34. It will further be appreciated by a person skilled in the art that other
optical comporEfid B dERESEbELS 1 Loctkn s fittorated IHle LR rareRreBind o the rightfield
illumination,iibd dlpieaiiancastadi2lAdbiumimationapidfde faeiliatingithel spaiatipesisiansdg of the first
image capturetdet ice 32 and the second im?e%e cehp%ire device 34 Pr%fe?b% the sgatial 1positions of
the first imaﬁlé %apeursee(é%nwcé andh uéesgcoreld%rﬁageé APt GevicE Ba'5re AXEEwith Yeference to
the inspectiepepusitiby a ThekfixkelchgpadiatlpobiHdnsSoighirst magd captureplevtctd2eaii the second
image capture 15 device 34 preferably enhances at least one of the accuracy and the efficiency of

wafer inspection by the system 10. For example, the fixed spatial positions of the first image capture
device 32 add fileeveersord inareroplotyréhddvier Balwikh(rdspestotiialingpektiold dowitimglpreferably

reduces Ca'@E&gqllﬁﬁﬁﬁﬁiﬂﬂ%f&,ﬂw&rﬂ?ﬁi@?@baCk losses typically associated with the use of mobile

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

illuminator cmnaaése% beFefetrRdRa R5.3 i e Iiminalien eries dhpibinding.dlwningige 52 emits or
supplies thin line illumination. The thin line illuminator 52 is preferablgga laser 25 source for supplying

thin linflaséliliisithdteminies7SivEly, thedninti fibeminstbreyshelpiolaine! iftiiAtdr supplying
a broadbandi i dinillypinaioBy The thin lingdlluminatiomismpieierably diezetas at themspection
position, mo,r%‘s ecifically at tgg Eemic ndﬂgor wafer 12%?sition§_ﬁ?at the ins€)ection osition, at a
predetermined BHGROMWRICHEAY Bevisitet HE /BERAFEA" RIHIRS CEANH 54 5P REPS BFeHThbly
coupled to, optapositipnethaton predsiae)ified pospliothealajéce o 1¢hedhin line illuminator 52 for
directing the thin line illumination at the inspection position. 32
15 In a step 254, DLA illumination directed at the inspection position is reflected by the
semiconductor wafer 12, or the portion thereof, positioned at the inspection position.
Reflected DLA illumination from the wafer passes through the objective lens 40 in a step
256. The objective lens 40, which has a corrected aberration in infinity, collimates the
DLA illumination passing therethrough in the step 256.
20
DLA illumination passing through the objective lens 40 is directed towards the first beam
splitter 48. In a step 258, the DLA illumination strikes the first beam splitter 48 and a
portion thereof is transmitted through the first beam splitter 48. The extent of

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

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

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

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



The optical inspection head 14 of the system 10 preferably comprises a third image capture device
(hereinafter referred to as a three-dimensional (3D) profile camera 56). Preferably, the 3D profile
camera 56 receives the thin line illumination reflected by the 5 semiconductor wafer 12. Preferably, the
thin line illumination entering the 3D profile camera 56 is focused onto a 3D image capture plane (not
shown) to thereby capture 3D images of the semicamductor wafer 12. The 3D optical setup comprising
the thin line illuminator 52 and the 3D profile camera 56 is shown in FIG. 13. 10The optical inspection
head 14 further comprises an objective lens for the 3D profile camera 56 (hereinafter referred to as a

3D profile ob]EAVEBREER) Fpid e 56 e AP Bt RaSSAERIED GRS 12 passes
through the @BepeafildcdhjectiyelensdBrbefocaaniksifigsthmdlo pradile davierabm Piejeoaaly, the 3D

profile objective lens 58 has a corrected aberration.in infinity. Accordingly, the thin line. 15 illumination
passing thrcl I b 4P (DTS B Bt e s B G B B S ESh nead 14
further compng@scaplabe d¢nbeclrforimsegewithttine 38 ipeaiite DbjsdliveniensGBfanddtheBD frofile camera
56. TheStUb%Iens 60 enabges foit:)usin Egog%gecg}?glimatgdatr&inll(iﬁ(%dlluminati%n antq thfc?’ irgage

capture planer.S "rhré‘aége‘:%?t‘r‘% ibe lens 60 with the 3| profile o Jegﬁ\e} “lens 58 and the 3D profile

camera 56 fduikfeeld b Haglbldpdsitiongea ek raso nfiger atiphigfdha 3 Drofile 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 lerfSiseatiethelRive IbHE BT @5 PhEisiicthRYI it isseHd SEARSRHES D B rBfidcetshera 56

preferably operate cRARRIIYRM fak faciiating AR el 8 G CARNO SN INEREGUBRO IR  ens
semiconductor wafer 12. Preferably, the thin line illuminator 52 and the 3D profile camera 56 are

coupletPto tAR BPUSRMER Reliprs Q1 EsBRIRars ey Merd rture s psratibingt P (RS 1iRESilluminator
52 and the 3R prafieearradbelpyribeopicigiabbilianeutonatetudiindd R ile s6aneiGand

inspection Oifngggesceargtigr%np la{lcl:go(gfm{ﬁgesre%gni(? gneag%rcr:?qe)gurbeydtehvelce 34. DLA illumination focused
onto the second image capture place enables capture of a darkfield image, more
specifically a darkfield high angle (DLA) image by the second image capture device 34.
15
It will be appreciated by a person skilled in the art from the description provided above
that the DHA illumination and DLA illumination preferably follows a similar ray path
after being reflected by the semiconductor wafer 12. However, the second ray path 200 of
the DHA illumination and the third ray path 250 of the DLA illumination can be
20  individually altered as required using techniques known in the art. In addition, the angles
at which the DHA illumination and the DLA illumination strike at semiconductor wafer
12 positioned at the inspection position may be adjusted as required for enhancing
accuracy of defect detection. For example, the angles at which the DHA illumination and
the DLA illumination strike at semiconductor wafer 12 positioned at the inspection

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

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

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

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



33 system 10. This automated 3D profile scanning and inspection of the semiconductor wafer 12 is
preferably controlled by the CPU In addition, the optical inspection head 14 comprises a review image
capture device 62. 5 The review image capture device 62 is for example a color camera. The review
image capture device 62 preferably captures color images. Alternatively, the review image capture
device 62 captures monochromatic images. The rediew image capture device 62 preferably captures
review images of the semiconductor wafer 12 for at least one of confirming, classifying and reviewing
defect detected on the semiconductor wafer 12. 10 The gptical inspection head 14 further comprises a
review brighPE&S fiSANAtHBY Shse KONER, o RAeidmilihin B 84 PLP RS HigH ety
illumination mndhelackdiehdrlheninadivnnesp paivlyd Pyadwevednage CRiukerelgiied. 60 receives the
brightfield illumination and the darkfield illumination supplied by the review brightfield illuminator 15 62
and the review darkfield illuminator 64 respectively, and reflected by the semiconductor wafer 12, for
capturing redieprémagey ot theseimniconductorgyaipnd? dalieeritivadyththeecendkimagagpcapture device
60 captyres lyminajia sunRlgd by AGMANNG Iliminalors: for Sxamplsepe pfihaldgaiped above,
for capturing review image of the semiconductor wafer 12, The review Image capture device 60
preferably 20kiaptivredchighlresehtitionvintages dfrshaudeniizondbotod vilderctond\ izgdam GBshowing

the review byighifigld {lid @&ﬁ@fp%%itfmﬂgvé?%g%ﬁﬁieﬂéﬁu TIRAIRr BéyilReye iRy dDage fapture

device 60 and illumination patterns therebetween, is provided in FIG. 14. A flowchart of an exemplary
fourth ray p&t800PEFSIeWiEE B thevBHgHEHaE bR PRFRAFASDY Bl theledvivwheAgHHm d
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the spatial positioning of the first image capture device 32 and the second image capture
device 34. Preferably, the spatial positions of the first image capture device 32 and the
second image capture device 34 are fixed with reference to the inspection position. The
fixed spatial positions of the first image capture device 32 and the second image capture
15  device 34 preferably enhances at least one of the accuracy and the efficiency of wafer
inspection by the system 10. For example, the fixed spatial positions of the first image
capture device 32 and the second image capture device 34 with respect to the inspection
position preferably reduces calibration losses and adjustment feedback losses typically
associated with the use of mobile image capture devices or cameras.
20
The optical inspection head 14 of the system 10 preferably further comprises a third
illuminator (hereinafter referred to as a thin line illuminator 52). The thin line illuminator
can also be referred to as a thin line illumination emitter. The thin line illuminator 52
emits or supplies thin line illumination. The thin line illuminator 52 is preferably a laser
25  source for supplying thin line laser illumination. Alternatively, the thin line illuminator
52 is a broadband illuminator supplying a broadband thin line illumination. The thin line
illumination is preferably directed at the inspection position, more specifically at the
semiconductor wafer 12 positioned at the inspection position, at a predetermined angle,
which can be varied as required. A mirror setup 54 or mirror is preferably coupled to, or
30 positioned at a predetermined position relative to, the thin line illuminator 52 for

directing the thin line illumination at the inspection position.



30illuminator 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 34 splitter 68. In a subsequent
step 306, the brightfield illumination striking the beam splitter 68 is reflected thereby and directed
towards the inspection position. Extent of brightfield illumination reflected by the beam splitter 68
depends on R/T ratio thereof. 5In a step 308, the byightfield illumination is reflected by the
semiconductor wafer 12, or portion thereof, positioned at the inspection position. The reflected
brightfield illumination passes through a review objective lens 70 in a step 310. Preferably, the review
objective lens 70 has a corrected aberration in infinity. Accordingly, the brightfield illumination passing
through the Tavieptiebjeeipectans HQdn the Bteie 31dm 10T phuteaie o therikeviawinkjestive: lens 70. In
a step 312, the brightfield jllumination strikes the beam splitter 68 a ortian thereof is transmitted
therethroug B Rt B TURBEd MCH At BoLEing HBUSH he BEAY UM Es 2 Hepening
on the R/T rBtedeodtilye theadD pplifter G8ncFhnd hrglatlieddkSthluhneatibminhetopasfesttdrougiea review
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collimation of the brightfield illumination between the review objective lens 70 and the review tube lens

72 preferabWvaeitaeseasbles Hrpeitesaretapidasbempbnelits 13-

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

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

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

profile objective lens 58 and the tube lens 60.

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

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



and accessories therebetween. In addition, the collimation of the brightfield illumination 25 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 30supplied by the review darkfield illuminator 64 is
shown in FIG. 16. 35 In a step 352 of the fifth ray path 350, darkfield illumination is supplied by the
review darkfield illuminator 64. The darkfield illumination supplied by the review darkfield illuminator 64
is preferably directly focused at the inspection position. In addijtion, the darkfield illumination supplied
by the reviei &Pkl TitmHABREA i?%rB’f%Pé%l%“&H&?é@ APTRECHRpSLHDA STRIEERAEL"
predeterminedfanglastprafbiabpocdalrplisde ofitbeBemiconductor wafer 12. This predetermined angle is
preferably a high angle, and can be adjusted as required using techniques known to a person skilled in
the art. In a step 354, the darkfield illumination is reflected by the semiconductor wafer 12, or 10
portion therdéofydelgitionied gttt ingpeotorhpasitibnompesesflected v ankig dapomindtvore thizn passes
throughythe feyicw ghigclive s, 0 245180 396, The dadiladluminationpassing tiaugh the
review objective lens 7 Inthe gtep IS cO Ilmategxby fhe Teview oabjectl've ens 70. 15irra step 358,
the collimateaptikfieldddubrdiracionblyikesptivgshealer splittes andterpotion, tHeraofisvwramsaditted
therethrough, Fxtent ofihe-dapkfield lumitationRassinedhiaratying heas SHiitar 68 scepending on
the R/T ratio of the beam splitter 68. The darkfield illumination then passes through the review tube
lens 72 in aRKpr3Y sersHe e AtEIG Hhageyinhen sgaicasliclotXAts 46 ifPa dtdpngeonerRE fourth
tube lens 72 focksgsthe.c0roplimaled darkfield ilmination A AR s cRRIWIEPIANe 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 righyielsl ihipunationcand daikhieicdiprinatior: bitweaphitIeNiewi akjactyarlgns 70 and
the review tube lens 72 enhances ease of design 25 and configuration of the system 10, More
Specitcally. SHE A Ut SAch G e b Gh RGN U ORI Al AR G G MR teen the
review objedliveientrd Gapecthelevidw teNievehsage enharcésvarselofdqoesisotinghapkdiiiduration of
the review image capture devi ith.the other components of the system 10, thereby facilitating
capture. L T o e B e B B AR LG review
darkfield im&gesnd the review darkfield illuminator 64 respectively, and reflected by the

semiconductor wafer 12, for capturing review images of the semiconductor wafer 12.
Alternatively, the review image capture device 60 captures illumination supplied by
alternative illuminators, for example one of that described above, for capturing review
images of the semiconductor wafer 12. The review image capture device 60 preferably

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

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

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

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

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



36 Captured review brightfield images and captured review darkfield images are preferably converted
into image signals and transmitted from the review image capture device 60 to the programmable
controller where they can be processed, and stored or saved in the database. 5 The review image
capture device 60 can have a fixed spatial position relative the inspection position. The fixed spatial
position of the review image capture device 60 prefarably reduces calibration losses and adjustment
feedback losses typically associated with the use of mobile image capture devices or cameras, (Note:
The precedini sta?ment 10 is to highlight advantﬁflglégl?(::-f of fixed position of review image capture device,

made possiBiitS (8elBA S EN tHEPtP e iR ARG O ANKMOPAUCR s RF I SBRYCANd review
darkfield imageas edlptiue dhekbigy syrielinet @ dutiverdsanrpifises: i tisini 60 lBkasst 24 bwhichichie

collectively known as a 15 stabiliz echanism. % system 1 ref%gabl mounted on the vibration
solators 24 B TR I PRI L R R LS SIS Bretoranly the systom 10
comprises four vibration isolators 24, each positioned at a different corner of the system 10. The

vibratio isofator§ 2 Ip to,su r}daqpl st.ab'lize.theﬁ ( 10. Each vibration isqlat? 24 is
etoraby ol B B R R X b cerve
as a buffer forrpravethtiregfirapesissich of gitsundspitnationpasitibe sfideneflocB¢ pregbiiirld unwanted

vibrations o plisisabmpYSEReRiD oihe AYRIEM e Yihcasionselaiae:fq helpdaiohanee quality

of images captured by each of the first image capture device 32, the second image capture device 34,
the 3D profils\éaertl st ¥hdahe révibd carfiersded ARgHatpe rdby impidve sqartipehindpection of the

25semicondyclarivrier iR saNRI YHRRin thd 00, for insRectina dhe Aemiapndustal yafer 12 is
provided according to an embaodiment of the present invention. A method flow diagram of the

exemplry rfiiBacrbbYiderevifiPRfet erlemhdmethod 400 for inspecting the 30semiconductor wafer

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

12.
In a step 312, the brightfield illumination strikes the beam splitter 68 and a portion

thereof is transmitted therethrough. Extent of the brightfield illumination passing through
the beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The brightfield
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 illumination focused on the image capture plane of the
review image capture device 60 facilitates capture of review brightfield images in a step

20  318.

The collimation of the brightfield illumination between the review objective lens 70 and
the review tube lens 72 preferably facilitates ease of introduction of optical components
and accessories therebetween. In addition, the collimation of the brightfield illumination
25  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
30  supplied by the review darkfield illuminator 64 is shown in FIG. 16.



37 The exemplary method 400 for inspecting semiconductor wafers 12 utilizes reference images (also
known as golden references) to which captured images of the semiconductor wafers 12 are compared
for at least one of detecting, classifying and review of defects on the semiconductor wafers 12. For
purposes of clarity, description of an exemplary 5 reference image creation process 900 is provided
before the description of the exemplary method 4085 The exemplary reference image creation process
900 is shown in FIG. 18. Exemplary Reference Image Creation Process 900 In a step 902 of the
reference image creation process 900, a recipe comprising a 10 predetermined number of reference
regions on tHeds&coHutictBr WiReray Pl edi.a'll?ﬁee]r% iy iaghitd SRl Gty ER8d by a
computer safivkdieitghainmiélteanative yaritfelediparmimian ualhp LeaabgdihE he vieeipeaciaichle stored in
the database,of the CPU. Alterpatively, the recipe is stored.in an external.database.aor memory space.
I5Each of tlL NI e e e s T B I R rer 1,
which is of ahnifikiibwhiguaityn Thupplsel dfymuitipley referdmk&aidgidnsinelps tet compefesaiby for
possibility of sur[a etv{%riations Al different | c tions. on the emiFo dg tor. WaI r 12, or between
rple el g e B e
illumination seflexstivitictor witfgrel dndeisroedtRonbyed paghols skilledtity thbight thglethapradétermined
number of refrenge (egiARSIIa% SAPIRSENE MBI & SHRGS AleR-a fNRSgMiconductor wafer 12.
Alternatively, the predetermined number of reference regions may represent multiple predetermined
locations on multiple wafers. 25In a step 904, a first reference region is selected. In a subsequent step
906, a pred@ﬁeﬁr@f%e@wme_d_ae'iai'alefﬂmﬁgﬁﬁiaﬁei@mgé%a ¥yt fitshraptieRositien jof the selected
reference region. More sF;\)emflanIy, the n images are captured at each predetermined locations of the

selected refBrERER sgih AABIHEH sh & rotishETion frsigRg dixasileded datididdot minaonted
reference regignpaai @ vaLRRIFaaUW KRNI GIHIadRYy atdeast dnaatroiv@igp@oram and

manual input. 38 The ni es ¢can be. captured using at least gne. of the first image capture device
32, the secalaHRBEUEBIYb et s i sRasr<illiinlgR S2bit o LV &) 2 ieitivea.

AlternativelyyHjeetivérmagds.are captured using a different image capture device. llluminations used for
capture of the n images can be varied as required, and are for
15 In astep 358, the collimated darkfield illumination strikes the beam splitter and a portion
thereof is transmitted therethrough. Extent of the darkfield illumination passing through
the beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The darkfield
illumination then passes through the review tube lens 72 in a step 360 before entering the
review image capture device 60 in a step 362. The fourth tube lens 72 focuses the
20  collimated darkfield illumination onto an image capture plane of the review image
capture device 60. Darkfield illumination focused on the image capture plane of the
review image capture device 60 facilitates capture of review darkfield images in a step
364. The collimation of each of the brightfield illumination and darkfield illumination
between the review objective lens 70 and the review tube lens 72 enhances ease of design
25  and configuration of the system 10. More specifically, the collimation of each of the
brightfield illumination and darkfield illumination between the review objective lens 70
and the review tube lens 72 enhances ease of positioning or configuration of the review
image capture device 60 with the other components of the system 10, thereby facilitating
capture, while the semiconductor wafer 12 is in motion, of the review brightfield images

30 and review darkfield images.



5 example one or combination of the brightfield illumination, the DHA illumination and the DLA
illumination. Colors and intensities of the illuminations used for capture of the n images can be
selected, and varied, as required. Capture of multiple images at each position preferably enables
reference images to be 10 created taking into account the variations in the illumination, optical setup
and the imaging means used during capture of the3gference images. This method of reference image
creation minimizes unwanted influences or effects on defect detection, and classification, due to
variations between the illumination conditions. In addition, a number. of images of the selected
reference regiBH FRgGyBE EagPRcidr BRERS I HHBEFS RN RO slhURiSSS BreSrigRP ¥apture of
multiple images atebiclospegiéietkdilininatiansadneitibonadidi iviesva ineiraatiping: ek cemnpersation of
illumination %ﬁaeriation fromblash to‘ﬂ?sh r from strobe, to strobe. (‘{he n images are Qrefgr&%ly stored in
a

the databast of e G ATt&Hatven hEh 6yin%%flg(l-:?§ Bre‘stéred Elurlldasnt(gx efhal'd ?abase or memory

space as reduiiabgkeln 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, bumpborpacks fonagedwenttie dedasr Albrawhfere usiligashepstinharestidingtytigrep@5scale or

geometrical RaYelIMALChIDA: #he ied Ihidelrianck EASHESSS sasholiiee ibgessare

calculated. More specifically, reference intensity of each image captured at each of the predetermined

locations of PFsehbytedueste reHbEenidns ses caid aditsempreferdbigk dossealonistbn BraorTdrence
intensities of,aaGhAfherMiBAGERAIRIRRIARRIRIZS OLLRANRENSSE Al GRlQLYRIAINRAL Hifferent

locations or regions on the semiconductor wafer 12 (or the multiple 39 wafers). Further preferably, the

calculdfion &t reftigbieltathanines Jridudhroritin Rifi iy Mg tPaEesvicoreytapantale, for other

surface varig{ians af diffenent)eratione MARGRNGuARHNEr SeMGOBHUEIREIW alalsd2 {48l HReisultiple

wafers).
) darkfield images captured.

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

25 semiconductor wafer 12.

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

defects on the semiconductor wafer 12.



5The step 910 results in calculated of n reference intensities, each of the n reference intensities
corresponding to one of the n images. In a step 912, a number of statistical information of intensities
each pixel of each of the n images are calculated. The number of statistical information includes, but is
not limited to, an average, a range, a standard deviation, a maximum and a minimum intensity for each
pixel of each of the n images. 10 More specifically,3the average is a geometric mean of the reference
intensity for each pixel of each of the n images. Geometric mean is a type of mean or average, which
indicates the central tendency or typical value of a set of numbers, or n numbers. The numbers of the
set are multiieXHP WD At Sb{ Uf tRPreltRi g ProBtRY Bt d UAZSHRITASRSE obtaining
geometric mgagds @howndwaiaw goldealetfataccof ihegebmpticcheazissiemd anaikitnmeticrmean or
median prever}.ltst § average int($?sit3/t falculate f rte?ch pif<el. f.each pftheni Eijleqes from being
unduly 20affetted yaéﬁt?g ValugsTn & datd set %%:dl&ﬁiézn?srsé%%go?ag%ﬁ en enesclgl ?Hereinafter
referred to abeRiefoiceadivpixet dkthel . iraig esngosal cufatéatityrefesaiphyiotheR nfoerachlpixel of the n
images ds the yalue hetween a maximum a mink bsolute,intensity. f ch pixel of the n
images:25 D Taue R BN 0 S AR MRS F BERAIRNS, cach of
the n imagemehtiiedfitstleferentd angifiarcagtumesgdreteriistep @868t sosbaleulm&dGMSEre specifically,
the standard deviation is a geometric standard deviation, which describes how spread out are a set of
numbers Whese, pigie el ayera0e s e 9eampelicmean. A 30formula for obtaining the standard

deviation is shown below: 40 ' ' ' o
In a step 902 of the reference image creation process 900, a recipe comprising a

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

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

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

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

locations on multiple wafers.

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

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



where pg, is the geomtric mean of a set of numbers {Al, A2, ..., An}. In a step 914, the n images
captured are temporarily saved, together with their corresponding information such as location on the
semiconductor wafer 12 or first 5 reference region. The statistical information calculated in the step
912 is preferably also temporarily saved in the step 914. Preferably, the above data is saved in the
database of the CPU. Alternatively, the above datasis saved in an alternative database or memory
space as required. 10In a step 916, it is determined if more images of the selected reference region
are required, The step 916 is preferably software controlled and preformed automatically. Preferably,
the step 916 1€ JelfiregaRins SR CE B Pﬁfl?ﬁﬁa‘%ﬂ?n‘%ﬂ%ﬁiﬂé%g) AETEREYE 896 %mtr oS,
Alternativelyctivadtiemd Gaprmariealty facilitatatcorestntrotedusipaute civvige e kmovequfrdie art. 15 If
it is determir‘lgd in %helste;an916 that more ima%?s of the selecge& ref%rence reggilop are reqtuired, the
steps 904 to Tg%rlé'eré/peaf“ecﬁl. fﬁ%ggfep%egﬁﬂ (0'616'Carr bé répggﬁréd an %um%él?eof({ler‘ﬁees‘ as
required. WhHamitnsteetenseuhddrindperstep Stcthaipes marebimaged ab thedirstirefetenedoegion is
redured 2 SERANS SLASIUIINGILNE ek (040 ARARE! IRSHAPRRISHHIRNR QR reference
region (for purpoges of the present 8escript|on, second reference reglon?‘o the pregetermined
number of réfelehéeilagions omHedeapVdariepriéksrabiesdlitwaraticonustibtbaempvesiorthed

automaticallgni% gggliltigéwsgfggé&gQng%(grgg%%%@erformed using information obtained in at least

one of steps 910, 912 and 916. Alternatively, the step 918 is manually facilitated or controlled using
techniques 25known in the art. 41 signal is generated for repeating the steps 904 to 916. The steps

904 to 918 @Jbﬁ%rép%ﬁiﬁ%@%%géﬁ‘%fe%ﬁ?&ﬁ% reariredy Rapatitionrakihe stepsdRsde 918 is
preferably software controlled and automated. 5When it is determined in the step 918 that the steps
904 to 1818 GRS NRKkIFo 1Bl réﬁé)glrgdfhe variations in the illumination, optical setup and the

imaging means used during capture of the reference images. This method of reference
image creation minimizes unwanted influences or effects on defect detection, and
classification, due to variations between the illumination conditions. In addition, a
number of images of the selected reference region may be captured for each specified
15  illumination condition. Preferably, capture of multiple images at each specified
illumination condition facilitates a normalizing or compensation of illumination variation

from flash to flash or from strobe to strobe.

The n images are preferably stored in the database of the CPU. Alternatively, the n
20  images are stored in an external database or memory space as required. In a step 908, the
n images captured in the step 906 are aligned and preprocessed. Preferably, subpixels of
the n images captured in the step 906 are registered. Registration of the subpixels of the n
images is preferably performed using known references including, but not limited to,
traces, bumps or pads formed on the one or more wafer using one or more of binary, grey

25  scale or geometrical pattern matching.

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

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



i.e. that images of the next reference region of the predetermined number of reference regions are not
required, golden reference images (hereinafter referred to as reference images) are then calculated in
a step 920. 10The calculation of the reference images is preferably software controlled, and is
performed via a series of program instructions. The following steps are exemplary steps performed for
calculating the reference images. It will however bawunderstood by a person skilled in the art that
additional steps or techniques complementary to the following steps may be performed in the
calculation of the reference image. 15 In a step 922, pixels having reference |ntensities greater than a
predefined INAHERddterRheC T 4bb%itER, icalatini ity 1HR5asr PdriHtSnel el rabittian a
predefined rangedheptammiredr) thedigrBar, Tdeopradafifed Yiriiand saogiehthecatem©22 can be
software selected and dﬁ}ermined r rpanu?llyﬁeqtermined tInla stcte 24, pixels of 20 intensities with
a standard devizlion SPea erthan a %Cré)clig\(ﬁ“lgd valtie are 1uehtified. The predefined value of the step
924 can be software selected and determined or manually determined. In a step 926, the previously
saved imagqg, a3 n 16 steniRlt: Arf.reloadsr forfepsat ofany.one of mare gt the sieps 304 to 924 if
a pixel with reference intensities outside pred)etermlnedlvalue or range Is identified cfurlng the steps
922 to 924. P& THBestepsOPonthrgR® fordlitdtehidentifigatiomof Meadtls campribingopiXelssiadapecific
pixel intensifigs, Meis spefifiralis RBIERS %42 J09%arNA0R entificatian limages spafaining
pixels having reference intensities outside predefined limits or ranges, for example identification of
"undesirablef ifigEsdnbrepsionritg Iudesebyp dcHirial ted (S0 3te pcURe- 18 TPESe|hiiasard
"undesirablejepixbs oM iMGRIGHANCRIMIAGE GRIGHRJIAN BRdh figdIBiR-IRIPEeYIRM, THiadesirable™ pixels
influence on the final reference pixel values of the reference image. The "undesirable” images are
discard@d. This facilitates elimination of defective data or 5 images, thereby preventing influence or
presence of\ugh gheiective/data withhgeneraied fefeie neanndagns. blcdeatenRessiinageseemprising
pixels within predefined limits and, ranges (i.e. images not, discarde%) are consolidated. . . Preferably,
the referende Tac-ardatioilbrdBLE o TRLIAIS Bkt rib BF LR FRTO Mg LEifiage Bt

indicates the central tendency or typical value of a set of numbers, or n numbers. The
numbers of the set are multiplied and then the nth root of the resulting product is
15  obtained. A formula for obtaining geometric mean is shown below:

n 1/n
(Hﬂ~:') = Yar @

i=1

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

20  affected by extreme values in a data set.

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

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

30  formula for obtaining the standard deviation is shown below:



(a) Normalized average of intensity of each pixel of each of the consolidated images (b) Standard
deviation of intensity of each pixel of each of the consolidated images (c) Maximum and minimum
intensities of each pixel of each of the consolidated images 15(d) Average reference intensity of each
of the predetermined number of reference regions determined in the step 702 The consolidated
images of the step 928 represent reference imageg0The reference images, together with
corresponding image data is further saved in the step 928. The 20 reference images and their
corresponding image data are preferably i the CPU. Alternatively, the
reference images and their corresponding E{é:qéldméia#elmyg@?i an alternative database or memory
space. It will be appreciatetl by a$ersori skilled in the art that the step 922 to 926 helps to reduce
amount or size of memory space requiked for storing tﬁe 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 ixel i I iz@d 10, 255,in order to display and visualize the
SRR Bﬁ?ﬁzﬁg%%iﬁ@%f%ﬁ é %%%’Pﬁ%%@ 025 d% !

reference images. wever be un by a person SKilléd ifi the art that the average intensity

of each pixel can be normalized to an alternative value in 30order to display and visualize the
reference imagesstep3 914, the n images captured are temporarily saved, together with their

corresponding information such as location on the semiconductor wafer 12 or first
5  reference region. The statistical information calculated in the step 912 is preferably also
temporarily saved in the step 914. Preferably, the above data is saved in the database of
the CPU. Alternatively, the above data is saved in an alternative database or memory

space as required.

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

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

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

25  known in the art.

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

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



The steps 904 to 928 can be repeated a predetermined number of times for capturing a corresponding
number of images with at least one of the first image capture device 32, the second image capture
device 34 and the review camera. In addition, the steps 904 to 928 can be repeated for capturing
images at different illuminations or illumination 5 conditions, for example brightfield illumination, DHA
illumination, DLA illumination and thin line illuminatan, as required. The repetition of the steps 904 to
928 enables creation of reference images for multiple illuminations or illumination conditions, and with
multiple image capture devices as required. 10As previously described, the derivation of reference
images for MgRPIL r8FBRHED FRGIBHE B dNseNfREMYdctSr et (6P it WateHRE at multiple
ilumination epeditiasyhelph o @nauee aceouitabikpeandicompenspiionmbones ieguiredbior variations
in quality of s bse uen%%lfadotu(ried timaaqe(f due to variations in the lighting conditions. For example,
the capture of réference m%g%ns at diftérenit reference regions of the 15 semiconductor wafer 12 (i.e.
different locations on the semiconductor wafer 12) preferably ensures accountability and

compengsatign for .coloy variations at differ ions.an Bp semiconductar wafer 12. The steps 904
o 955 are prTaIb Lo e B S S L 6 e o
least one ofiexdbeuttethaged ebithrofiext bgferaswego profgerpradeienativaslyiunbensi opgghitae steps 904
to 928 may hemanallyRssinirdd! ieaireRdbe refRrRRce imatsRE eaiR X ShR SRRy
reference image creation process 900 are used for comparison with subsequently captured images of
semiconductdpgeaiars hebslakABAMGUEsR ¥ thereby enable at least one of detection, classification
and review of 25defects 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 offt of tistetlUksery dhdieviii difediiysisséhtRip TRy SesnESHtt ctP frdkets 484 i In a step

402 of the mpthaehd@Qithessemicopeiicton wafriclidn e mspesiad Qyphersystanpiibisipaded onto
the wafer table_16. Preferably, the seHéico ductor wafer 12 is i%Egacted frgm th Wafe(i Etack 20 by the
1&16."8 |

I
robotic wafe?hRAEt 19 SAdHAHRRIPSITBITS e KRSt UEYTh Br VACHGIRCS 8Ytied to the
wafer table périonsekilialthie Ssenicanauathtitaidr &2ptheieaimiditg semitgenducior wafde 12
preferably cpoquvrvisess?e wafer identification .nLH;nbeECQIB tnum?ﬁg or.barcode. ghe wafer ID number or

barcode is engra VIng steps érbaé/ S PED 8rmed intheca 10n 0 reference image.

15
In a step 922, pixels having reference intensities greater than a predefined limit is
determined. In addition, pixels having range of pixel intensities greater than a predefined
range is determined in the step 922. The predefined limit and range of the step 922 can be
software selected and determined or manually determined. In a step 924, pixels of

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

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

example identification of “undesirable” images, to be identified. More specifically, the

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



surface of the semiconductor wafer 12, more specifically at a periphery of the surface of 10 the
semiconductor wafer 12. The wafer ID number or barcode helps to identify the semiconductor wafer 12
and ensures that the semiconductor wafer 12 is correctly or appropriately loaded onto the wafer table
16. In a step 404, a wafer map of the semiconductor wafer 12 loaded onto the wafer table 16 15 is
obtained. The wafer map may be loaded from the database of the programmable controller.
Alternatively, the wafer map may be retrieved from an external database or processor. Further
alternatively, the wafer map may. be prepared,or derived upon the loading of the semiconductor wafer

12 onto the NVAbRISEBhoMPHFAHBR LAY IBIHERS Sntddh ARl LS RGN REH paBPEklIfed in the

art. 20 In a stégeH26 imageor 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 known
to a person skilled in the art. 25In a subsequent step 408, a wafer scan motion path and a plurality of
image capturbepositionmsble’ calagdated disdeteiniries fadietatafel maptoiotaindddcritvedste 404
preferaly fagijiates {hecAlculanianoliealer sranmolen A and hepivaliy ofmags capture
positions. Pre asbly, the’calculatiofi of the warer scan motion path Is éepen ent orr at least one of
several knowafepremieiges. Suchsiapodis paragaeesipncind )ikels arémotpadiifited bonitotatibn offset,

wafer size, waf s_féi%.%%gm{z?{&H&i}_a&ﬁ%{?&ﬁ&%{ﬁﬁe&vafef scan velocity and encoder position. 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 image

capture posiigns 42 kR alieretkasieguitesvaipereehaimuesKIoNIIR aibarsomSkiirAinghe art. The
number of image capture positions can also be altered as required using techniques known to a

persort Sskill®ash 448 art. Preferably, the steps 404 to 408 are performed automatically by the system
10, more specifigatiyohy e pegrasspainiecantoplbaciopihg sysiehvl thoAliaraatively imnyeone of the
St 404 t0 A S P Y h L s A o AP R ARy S SR Y images
(¢) Maximum and minimum intensities of each pixel of each of the consolidated
images
15 (d) Average reference intensity of each of the predetermined number of reference

regions determined in the step 702

The consolidated images of the step 928 represent reference images. The reference
images, together with corresponding image data is further saved in the step 928. The
20  reference images and their corresponding image data are preferably saved in the database
of the CPU. Alternatively, the reference images and their corresponding image data are
saved in an alternative database or memory space. It will be appreciated by a person
skilled in the art that the step 922 to 926 helps to reduce amount or size of memory space
required for storing the reference images and their corresponding data, which may enable

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

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

30  order to display and visualize the reference images.



In a step 410, the programmable controller of the system 10 determines availability of an appropriate
golden reference (hereinafter referred to as a reference image). If the reference image is not available,
the reference image is created by the exemplary reference image creation process 900 as described
above in a step 412. Preferably, the reference image is obtained, or created, before performing an
exemplary two-dimensional (2D) wafer scanning pagcess 400 in a step 414. A process flow diagram of
the exemplary two-dimensional (2D) wafer scanning process 500 is shown in FIG. 19. 20 Exemplary
two-dimensignal (2D) wafer scanning process 500 The 2D wafer scanning pracess 500 enables
capture of blightieR Tades Zh§aaPRASRFHHA G Hir tHEHIE! imnaTs A bHPESIiCaPYY B8 ¢t the second
image captwedepiedidd nimebsten boZ-ef RRhwafenscannisoipr daesmbo, difiestiéviage Xapture
device 32 ist 5 exposed. In as{elp 04, a iér‘st il utgﬂnation IS sufpglifd. The first illutmin BRQ is for
example brig ihetd MfumivatSy gueppﬁ‘gaeby the rlaﬁ netd ifitiminator ,ltfﬂqu umiation gupplied by
the high andl28daukfibtd itlpeniedttrr3Gpubhd ithagimatiodi Sapliced byithe dow angledarkiielid

uminagor 28, GRiSEloRCLIE eI AR RG HPRIRA IR SR8 48 RIRGERRM,etermined
by an illumination configurator not 305 Prefe I1y,t i

own). era e illumination configurator is a component
of the systeand Ohamdingcldlevtramoally copied tohih ecipettiivradrsh28Leg9 992, ©43REBB)&sf the

system 10. Alteratiyel.qihg ARHNANOR CORAGHIAIAN IR REBMPANRERhL IS CEMilig Jmage capture

devices 32 and 34 can use any combination of illuminations provided 5 by brightfield illuminator 26,
DHA illumin¥i¢h BUISRAL DRaRs RAPIHE 2GSPe et possible combinations for the first illumination
used by the image capture device 32 and the second illumination used by the image capture device 34
are shown in the table of FIG.19. If the first image capture device 32 and the second image capture

devicel84 uée Bipdesnhafiss i hrufsrvtion terternesiburas deoreligHecshtsiratBd Wduld be the

10highest obaththe errfigutasionsfBossiRienaIRIseAd tienpresrNldessiRioBRRRBgUration 1 as
shown in th%}éﬁ?le of FIG. 20 is seﬁiicted by the illumination conflgurza]t%r Acc.or.dlng}%/, the first

llumination 1§ el FHFCIECRHRGr o SRS AR BheR AR ithithagstggns 1 qualicy

of subsequently captured images due to variations in the lighting conditions. For
example, the capture of reference images at different reference regions of the
15 semiconductor wafer 12 (i.e. different locations on the semiconductor wafer 12)
preferably ensures accountability and compensation for color variations at different

locations on the semiconductor wafer 12.

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

25 defects on the semiconductor wafer 12.

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

30



15 Preferably, the steps 502 and 504 are performed simultaneously. Performance of the steps 502
and 504 enables capture of a first image, as shown in FIG. 22a, by the first image capture device 32.
In a step 506, the first image captured by the first image capture device 32 is converted into image
signals and transmitted to the CPU via the data transfer 20 process and preferably stored in the
database or storage memory. In a step 508, the seepnd 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 bﬁ the illumination configurator. For purposes of 25 the present description,

configuratiol12a¥¥hdimh the PR refts B0 U sRadion S L mih 5ol wstrguPASre
Accordingly sybesemindl didainationtis Wedd HbldIuaminationtdyppliesthyctheliigh angle taikfield

lluminator 30, L il Roweyer be:apprepialed, oy, 2 person siled i fhe art that (e first iymination and
the second llfuminations may be alternative ifluminations as required, for examplé those or the different

configuratiorie: 30sfeowablin tiee Sableonfds|@ciOm 47 Rndiedatlyththey sfepsble8land 5¢uarahperformed
simulta@eoussell)ﬁiCFz)@ er%kr)leaggreé%gpeg% gccurs in tandem with the performance of the steps 508 and
510. Performance of the steps and 510 enables capture of a second image, as shown in FIG. 22b,
by the second image capture device 34. In a step 512, the second image captured by the second 5

Image captufg deyiGe 3d s GOWRLE PR INANS FanaiRand WARSMIRGH deHhs Pregiunmanle

controller via the data transfer process and preferably stored in the database or storage memory. A

diagram shoWiRBeheeRgEadte dhthafitdt Ragenbsptofdasorke B2Xendipyd of thedrdtadlimination,
exposure ofsm%@%@mieigeag&)ﬁa‘mwle\@ﬁy}cg%owpgéwﬁtéhf seropgpliupinedenansdthe data

transfer processes is provided %:IG. 21. The steps 502 to 512 can be repeated any number of times
for capiring"s CERESHIRERM Htlibét of Betd icfirdy imaPRe didesslidhfiRiyy birtdsdficonductor

wafer 12. Mespispr@ilieadIwihe stepsderstedlidarapraipisbiiepeaiatforcapksingdynages with the
first illumination and tlie 15 sgecond illumipation of the semiconductor wafer 12 at each of the plurality

of image capRRFERSBEHHIRA4SE 08 thiPwarks RIS Motion path as calculated in the step 408.

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

techniques known to a person skilled in the art.

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

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

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



As previously described, each of the first image and the second image are converted into image
signals and transmitted to the programmable controller and stored in the database 20 or storage
memory. Each of the steps 502 to 512 is performed while the semiconductor wafer 12 is in motion.
This is to say, the capture of the first image and the second image is performed while the
semiconductor wafer 12 is in motion along the wafes scan motion path. Accordingly, a person skilled in
the art will appreciate that the semiconductor wafer 12 will be displaced by a predetermined distance
along the wafer scan motion path 25 between the steps 502, 504 (which preferably occur
simu|taneoL1f§f(j/7‘i%ﬁ18rtF1?-:r GRIE08, BROTIIAN Sre fsaIsyPARS s etiF stk es bR eshare
predetermingchdisipniceddepgadsipneaeerahtaplordityalidingehupnot pitaontocspeedietdisplacement
of the semiconductordwafer 12551Ion% the waf?r scan mOtEﬁe%lath t%ndlttimﬁlre uired fc%r.an one of the
steps 502 t¢' 512 e %Srlélgetf’é:rrlﬁllﬂlécf IStance rahgye/r &' controlled and Varied"as f)rr%qlﬁ]ilra , for
example by ¢hg @GP bostihmcentrellandevaliattd meofrigeipré detegnecbol glissakiewmay bepats@ast one of
softwarg or gﬂleﬁéldalllytﬁg%mtated. 48 Accordingly, the first image will have a predetermined image offset
when superlmpose?j onto or compared with the second image. FIG. 22c shows a combined image of
the first image and the second image demonstrating resulting image offset due to the capture of 5 the
frst image ey AR IERRUR.YY A ihe Re MIRRRALE QL MAIRK ARSI RICURRLNT 1o Pradfetermined
image offset depends on several factors including, but not limited to, speed ot displacement of the
semicondud@?w&@}nbya%@rﬂgéwmblﬁmmﬁﬁbﬁfp@m SARGHME- ré4errat el arydiie &f the steps
502 to 512. zeutep! and warintian,cidheRigrsiemined dnage elfselmayhaiot IsdstQpe of software or
manually facilitated. 10 In a step 514, XY encoder values are retrieved. The XY encoder values are
preferdélly obtained at during each of the steps 504 and 510. Preferably, the XY encoder values
represent posiiansp (1Y dispacementbef oemgrtconRlIciokMaleddid@long HeiwesiaysFam motion
path. The XY encoder values obtained are used for calculating the image 15 offset coI rse offset)
between theé RS RHHG 2 th & KEEdTTd 'H‘?éfaga%ff‘é’. FS?S‘HS@ Sfrstt & fif %eé’SSnH%%SSge ?r&ﬁ? the first
image) in a sifpPebdb.ilagefine imageadtfsie! ishealetdaiac: biynpeefasmirtgtsdbbpixakiraagephdignment
using pattern maiching (echniguies, The fiaa) offset s oftained by, apalyipg & predetermined
mathematical formula O the coarse and fine image olﬁseats. e predetermined mathematical formula

may bé3adjusted as required 20using techniques known to a person skilled in the art.
Preferably, the reference image is obtained, or created, before performing an exemplary
two-dimensional (2D) wafer scanning process 400 in a step 414. A process flow diagram

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

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

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

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

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

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



The 2D wafer scanning process 500 performed in the step 414 of the method 400 results in the
capture of multiple images of the semiconductor wafer 12, preferably at the calculated image capture
positions along the wafer scan motion path. 25 In a step 416 of the method 400, an exemplary
two-dimensional (2D) image processing process 600 is performed for at least one of identifying or
detecting, classifying, consolidating and storing defgcts on the semiconductor wafer 12. A process flow
diagram of the exemplary 2D image processing process 600 is shown in FIG. 23. 49 Exemplary 2D
image processing process 600 The 2D image processing process 600 facilitates processing of the
images capfurSHAN ALY B WPAREr ScitniNg Prstess 880 Th adaifio i th@ 2D ilg e 168 dlng process
600 facilitated @il eastl pna i isantifyingon fileiecting, alaggibreg, cdansailating and storing Sdefects on
the semiconductor wafer 12. In a step 602 of 2D image processing process 600, a first working image
is selected and loaded in a memory workspace. The first working image is selected from the number of
first images Bndisegondpmagiyicaptileddaivl saved duyingnha2walféihsoarning pbopidekss. For
purposes of D igaenl dRasTPEn INGfIS Morkinadmansepiesefin N stimage sapiured by the
first image ca?]ptur% evice 32 ( uring the 2D water scanning process Ina step 604, sub-pixel
alignment optheitilescavarkinigoim dgetis pesfolwadha@ab yiséby the image capture device 32 and

the second illumination used by the image capture device 34 are shown in the table of
FIG.19. If the first image capture device 32 and the second image capture device 34 use
substantially similar illumination then the throughput of such configuration would be the

10 highest of all the configurations possible.

For purposes of the present description, configuration 1 as shown in the table of FIG. 20
is selected by the illumination configurator. Accordingly, the first illumination is the
brightfield illumination supplied by the brightfield illuminator 26.
15

Preferably, the steps 502 and 504 are performed simultaneously. Performance of the steps
502 and 504 enables capture of a first image, as shown in FIG. 22a, by the first image
capture device 32. In a step 506, the first image captured by the first image capture device
32 is converted into image signals and transmitted to the CPU via the data transfer

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

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

30 shown in the table of FIG. 20.



15 alignment is performed using pattern matching techniques using one or more templates. It is
performed using one of binary or grey scale or geometrical pattern matching methods. Once aligned,
reference intensity for each image is calculated from one or more predefined region of interests in the
image as shown in a step 606. The steps 604 and 606 may be collectively referred to as a
preprocessing of the first working image. It can be 2Dreadily 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 tH&StARBOBCYFREsPBHET ot thate REY b amHLpTva N g 28 Halbe tsr &t ally, the first
reference imagerisisateciad fram hdptabasenccoll @atiornf gotdaniréiercpatsronneteseénte images

created by the exgégpall%(rjy g? erence creation process 900 in the ste 412.of]r_.t[:18 na%h d 400. The
I sho

SIEDPS enanies ¢ (% a Second. 1mage.. as, Snown_1n
exemplary reférence &feation Process YU'Ts Y bRy iA gl above, and shown'in G18. 50

working image @k iredeesrapadadtlviagbddbtersined 2hrbshetdndaine dogepherdviih tnukkplicdtive or
additiveSfactl%rlg. eIn a stterg 6d14 th %rst workin igmlllgte is then matc?ed o%{ (—:Evaluatﬁgdagoai%et the first 5

. i . .
reference |mag§ selécted in the 608. ]]shgor%\é%cﬁlng of evaltation of the first wor Ing image with the

first refereneecignzyedhlsilitarssoietertiothor ddentificatranrudeste otsl oprefaabdmisorsdustothwafer 12.
Preferably, ﬁh@aﬁﬁ%&%%&%@%ﬁ%ﬁor effecting automated matching between the first working image
and the first reference image. The programmable controller preferably carries out a series of
computing instructions or 10algorithms for matching the first working image with the first reference

image to the&edqxg@mtgh@omga{e%&igesefei%@mﬁ@i@ﬁ&h&@&@@&gﬁi& QR¥Re semigpndectar wafer 12.

Determination of presence of one or more defects occurs in a step 616 of the 2D image processing
procesY 600 HRSHEOMaF B el ctaCatecaRte HRAG O L ARBHEIETY iCtHé stepply of the Second

illumination and the data transfer processes is provided by FIG. 21. The steps 502 to 512
can be repeated any number of times for capturing a corresponding number of sets of first
images and second images of the semiconductor wafer 12. More specifically, the steps
502 to 512 are preferably repeated for capturing images with the first illumination and the
15  second illumination of the semiconductor wafer 12 at each of the plurality of image

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

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

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



15 616, the algorithm would sort the defects from the largest to the shortest based on either one or all
of area, length, width, contrast, compactness, fill factor, edge strength among others. Further the
algorithm selects only those defects which meets user defined criteria to calculate defective region of
interest (DROI). If a defect (or more than one defects) is detected or identified in the step 616, DROI
on the semiconductor wafer 12 is then 20 calculatein a step 618. Preferably, the DROI is calculated
dynamically by the CPU in the step 618. The CPU is preferably programmed (i.e. comprises or
embodies a series of computing instructions or software) for enabling the calculation of the DROI. In a
step 620, a corresponding DROI of a second working image is inspected. More 25 specifically, the
second worldogpidiags istih éseaangtimabieacaptpredtbynine-secape dfagevhapiineteyiced4 during
the 2D wafer scannind progess 100. This & 1o savyjie BRI of the. segond image (ufichis &
corresponding image the ﬁ‘fs{llmage , IS inspected in the s?ep 630 anter perr?o INg sub-pixel
alignment ofrsegonndwbekingpiniagegd dennspeation ©f the P Rk ofdiiesdeonad tvokipigiknsge

preferaRly fagilitates confirmatian of defect 30detected in the step 616..F %h r. preferably, the step 620
Faciarce cla e T e R R i B e o
the second werkintimedjanngteatf st tependireoimseyerain faclditiomcinding.stap 646 limtkdrdds no defect

found, the %ﬁé@@%f"’cﬁk‘#ﬁ’a%ﬂ@em%ﬂﬁ@%e%@oﬁ’i'a\ﬁ’&{)‘i‘%J@%W%‘léﬂgfﬂﬁé (RALCE e AMON L e Sources or

processing band 5 width needed for processing the second working image. It can be readily

appreciated¥HhSRR HEMHERIG AT BRICERRIAG d8qgtiente Whamidally debashyadion Bfethesults of

preceding sigpge i insnadll facilitia dmpig wediskate Bhd B auaRPYT Rnivalersealkheyr. In a step 622,

the detected defect, more specifically the location or position of defect as 10 well as the classification

thereo?,ols saved. Preferably, the detected defect, and the location and classification thereof, is saved

in the database ekihs1@ Py Altesaativaliethedrieriad defrck and dbe:location angcirssiigation
thereof, is sayved in an alternative datgbase or memory space. 15The ste 02 to 622 can be
repoated or TG Ay HURROEH B T iEE RrEprSTdiie T THRE e torad ORGSOt water
scanning pregess:bOpodaats qiiiialisphge s eayptof etedisiing dindu 2ior watfe- SCanking prooass 500 is
Ection of defects,

sequentially Joaded,n the meiory arkspace and pracessed for faclitating the defection
which may be presentn % e semiconductor wafer i’B.%e steps {0 él, ana the repéﬁtion
thereotS  offset (coarse offset) between the first image and the second image (i.e. relative offset of
the second image from the first image) in a step 516. The fine image offset is calculated
by performing sub pixel image alignment using pattern matching techniques. The final
offset is obtained by applying a predetermined mathematical formula on the coarse and
fine image offsets. The predetermined mathematical formula may be adjusted as required

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

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

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

30



20 facilitates at least one of detection, confirmation, and classification of defects, which may be
present on the semiconductor wafer 12 at any of the multiple image capture positions along the wafer
scan motion path. In a step 624, each of multiple defects, and the locations and classifications thereof,
25 detected by the 2D image processing process 600 are consolidated and saved, preferably in the
database of the CPU. Alternatively the defects, anddhe 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 30CPU is programmed for, or comprises
a series of doTHBREHY A HEHORLEP SEAREES+08Pam, for automatically performing the 2D image
processing miacebsnAlie fativaly.sg2dbs 20 inagkhinmegesstsg iy ot assimayebeatacitthiedhby an at
least one manpual ipput as required. Comppletion of the 2D | e processing process 60 the step
416 of the A 00 8 TG e S 3PS gar ot MR A T ToRsstor e
classificatiofixcthereohtdedeictad ufingtheyimgghtfietddiugniclasiofy,itige dohtalillatnigatidrs@nd OLA
iIIuminagion.dlé}e%é%tr)ls[%guengc%tg u4t%§“9}; ehelénethod 400, a first exemplary three-dimensional (3D) 10
wafer scanning process 700 s performed. Preferably, the first 3D wafer scanning process 700 enables
capture of 3D profile images of the semiconductor wafer 12, for facilitating consequent formation of a

3D profle ofjhe gemisendualanalssda-The semicopidaralndz s iseicedalong e

calculated wafer scan motion path for capturing 3D images of the semiconductor wafer 12 at any one

or more of thedadItiplemerages raiftmse Shssitohy elong thastdfercieded Hotibihpatmksciculated in

the step 408;4 nggeésJmse&gtﬁmﬁigébecﬁi;s%r@zfem@@sxé’epduﬁt%r BRANMNG RQCeSHAQ is shown
in FIG. 24. Exemplary 3D wafer scanning process 700 In a step 702 of the 3D wafer scanning

procest) thiRRRE HUTHRATBASES S3PRaUHT b AoBERTiRad ot the thinnEEMTPRIESF 2. 415 a step
704, the thiriliaaiipiaioRdsoy the first image capture device 32 during the 2D wafer scanning

process 500.

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

can be incorporated for the preprocessing if necessary.

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

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

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

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



directed at the inspection position by the mirror setup 54. In a subsequent step 706, the thin line
illumination is reflected by the semiconductor wafer 12, or portion thereof, positioned at the inspection
position. Reflected thin line 25 illumination from the semiconductor wafer 12 is transmitted through the
3D profile objective lens 58 which has aberration corrected in infinity, in a step 708. Transmission of
the thin line illumination through the 3D profile objestive lens 58 in the step 708 collimates the thin line
illumination. 53 focuses the collimated thin line illumination onto the image capture plane of the 3D
profile camera 56. Thin line illuminpation focused on the 3D.image capture plane enables capture of a
first 3D profiféliiage Vi #he LenifiBHat oM Wardr R‘f‘?ﬁ%@ﬂ@ﬁ%%hﬁe%%n‘é%mﬁ 574R8ShiY iRe
illumination hetvweenidhe @R dqroiiefabjastive lens 58 and the 5 tube lens 60 facilitates ease of
introduction of optical components or accessories therebetween, and enable flexible positioning and
reconfiguration of the 3D profile camera 56. As previously mentioned, the thin line illumination is
supplied by I laseepobdoabkbdinst Mofibep aptigéllismbeationtsbedce:. hyvddaitibaginethhe limstillumination
s prefesably diresied; at e snegtian Rosfien al.asRefiied AR SIeieNGs o A grzontal plane
of the semiconductor wafer 1 positioned thereat. The angle at which the thin line liUmination is
directed at theagspedtithe pusitiofeisnsrefersislyagdriatsie deterdiguiad dssingodshnigudsdcktfoam to a
person skillggtin.the at il alse e BRRIGEIIGHRY R RS SR Am Akiled st ighiiedvavelength

of the thin line illumination may be selected, and varied, as required. Preferably, the broadband
wavelength BRteERairPRHECRUNASatfBft isvsuldpged e nRBthcIRg ddcuraelpisneg 1eBagene be defect

detection, V%FE%EﬂHQﬁh@QQ&#ﬁ%ﬁiQP o ARV RadiS! 3R iIMage.is SoryReEhY® imagsRignals 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 ol of e AR eRAGRRg, tobishyrtyisd Rass Nyt die el erers d B AR (oA FEsaY:.

Preferably thgaslepse (Re:taonls e heciepRtEaalYs nhesafittnesctor Gapikiing a 25 corresponding
number of 3D images, and for transmitting the captured 3D images to the CPU. The steps 702 to 718

can be performed either at selected image capture positions along the wafer scan motion path or the
whole wafeDetRreiiaraioly otherdiksica[dfnale bsaauinidgfanecesars 00 £rtepritesdaburabyimiie which the

30exemplary met0d 30 RGP S GOl Hle M AL SRECTICAY R ISty vep
15 616, the algorithm would sort the defects from the largest to the shortest based on either

one or all of area, length, width, contrast, compactness, fill factor, edge strength among

others. Further the algorithm selects only those defects which meets user defined criteria

to calculate defective region of interest (DROI). If a defect (or more than one defects) is

detected or identified in the step 616, DROI on the semiconductor wafer 12 is then

20  calculated in a step 618. Preferably, the DROI is calculated dynamically by the CPU in

the step 618. The CPU is preferably programmed (i.e. comprises or embodies a series of

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

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

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

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



wafer scanning process 700 enhances accuracy of defect detection by the method 300. 54 Such
inspection provides details 3D metrological details such coplanarity, height of three dimensional
structures such as solder balls, gold bumps, warpage of individual die as well as whole wafer.
5Preferably, results of the step 718, and repetitions thereof, of processing of 3D images are saved in
the database of the CPU. Alternatively, results of tlse¢ step 718, and repetitions thereof, of processing
of 3D images are saved in an alternative database or memory space as required. 10 An exemplary
second three-dimensional (3D) wafer scanning process 750 can also be used instead of the first
exemplary 3D wafer scanning process 700. The optical ray path of the exemplary second 3D wafer
scanning praaessstofl isispedsdes e [ARGING Bthonesmandiilipsocess flavediagrahe ehtine exemplary

second 3D wafer scanping process 75 as shown in FIG. 26. 15 In a st 520 thl%ls cond 3D
oator sommrlce I RIS ERE 1R N B G G e R Bl R 2o
the thin line sthpmifEtionvsudisediad atith&itspectiopepbsitiombyt ar¢gflectoragzeadstyngObanide reflector

assemhly 80Q is.alternatively known as.a prism assembly or a tyo mirror of.prism setup, 20 In a step
e, e e B SRR S cheere
by the semisaeitusteligerferprocessnige sesflented dyrdifferalht dirsttionbadepeorities orethésswtface profile

of the semicgndugtor Waterii2- o S AmRSmeIE AL ARF I BSRMEHSH YeratianseRlae

semiconductor wafer 12 can cause the thin 25line illumination to be reflected by the semiconductor
wafer 12 in different directions (otherwise known as dispersion of illumination). Depending upon the

surface profile pfthecsemiconduciar yader, Tothgreflraied dindingdiuspinationimetas: as

semiconductor wafer 12 can disperse in different directions. 30Dispersion of the thin line illumination
reflectég froWF}hé‘sséIFﬁiéﬁﬁﬂlf %af%?ri?f’inls saved. Preferably, the detected defect, and the

location and classification thereof, is saved in the database of the CPU. Alternatively, the
detected defect, and the location 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 processing the
images captured during the 2D wafer scanning process 500. Each of the images captured
during the 2D wafer scanning process 500 is sequentially loaded in the memory
workspace and processed for facilitating the detection of defects, which may be present
on the semiconductor wafer 12. The steps 602 to 622, and the repetition thereof,

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

along the wafer scan motion path.

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

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

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

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



multiple directions can make it difficult to obtain an accurate measurement of the surface 55 profile of
the semiconductor wafer 12. In other words, the dispersion of thin line illumination reflected from the
semiconductor wafer 12 in multiple directions can make it difficult to capture accurate 3D images of the
semiconductor wafer 12. This is because the dispersion of the thin line illumination reflected from the
semiconductor wafer 12 in 5 multiple directions cagZesult in inappropriately reduced or increased
amount of thin line illumination entering the 3D profile camera 56, and thereby in the capture of
dimmer or brighter images respectively. It is difficult to derive accurate measurements from images
that are too Uiy YO RIRERESARGHS iM8Yafidtift 556t Hn A B85 HHALY pPBRIED the
semiconductefuivadier 12 using images that are too dim or too bright. 10 Thin line illumination reflected
by the semiconductor wafer 12 is received by the reflector assembly 80. More specifically, the reflector
assembly 80 is configured for capturing thin line illumination reflected in multiple directions. Preferably,
the reflector(asspletibiy 80 theAPrisega prstgssimOprocror @ pridmst8R aArfdd gecorthpdid@F minors or
in line g jon. tr long two optical paths, namely a

15 prisrgs 8% lri g SteE’oK?o ({a%ﬂ?zlgta%%l’t%%r?ﬁe ngp %Es, an(iil \{ﬁés f%catl%gi anodoc assRi%a ons

. reSIF]] tS. m
first optical path via, or as direc st pair of mirrors or prisms 82 and a second optical path

via, or as ditbetedf .bystivecdeesing Puirlwighifiold diuprisatins4 the viHbe indenstoud dnd alljetson skilled
in the art thafjthe [sflsctor assembly can be configured for directing captured reflected thin line
illumination along a different number 200ptical 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. frhe m&%ﬂaﬁmﬁéﬂmmﬁm Ragiagtororahtha 3R Ri9fig-QbigalivRilsAs BHare

collimated. The first 25pair of mirrors or prisms 82 and the second pair of mirrors or prisms 84 are

preferdBly syitfiieticatmedssrisndtl i asteproaliHe ahly cBfiftate P it MHRMBIRSAS passes
through the 1abedaprH6phine brathprdine ithipinations ihaneniecsoineadly profie Gemekms6 in a step
764. The
consequent formation of a 3D profile of the semiconductor wafer 12. The semiconductor
wafer 12 is displaced along the calculated wafer scan motion path for capturing 3D
images of the semiconductor wafer 12 at any one or more of the multiple images capture
15  positions along the wafer scan motion path as calculated in the step 408. A process flow

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

Exemplary 3D wafer scanning process 700

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

directed at the inspection position by the mirror setup 54.

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

collimates the thin line illumination.

30 In a step 710, the collimated thin line illumination then passes through the tube lens 60

before entering the 3D profile camera 56 in a step 712. The tube lens 60 preferably



30tube lens 60 facilitates focusing of the two thin line illuminations onto the image capture plane of the
3D profile camera 56. Focusing of the two thin line illuminations onto the 56 image capture plane of
the 3D profile camera 56 enables capture of two views of a 3D profile image of the semiconductor
wafer 12 in a step 766. Without the use of the reflector assembly 80, the dispersion of the thin line
illumination 5 reflected from the semiconductor wafgr 12 in multiple directions can result in
inappropriately reduced or increased amount of thin line illumination entering the 3D profile camera 56,
and thereby in capture of | |ma9es that are tgo dim or too bl’lthht respectively. Such |maé(h;es are typically
t

discarded. TAE"SSe BF ifPAGREE R ¥, M BIHSS (it & rATPASE € ARHFF iR PA 8D Brofiling, or

measuremeﬂto«ﬁifléhﬁlﬁblfiaﬂre Phoiilend Ohinthe:semicanddcoriwaipriiied bepalidiplktbeaslstem 10 to

perform the se(%ond vxfa ? ﬁsannl p%l)cess t751(1)eenabJes 8agture“?6} WO Vit V|ews of theﬁP profile of

Ic O COn
the semlconc%’clfor wa usm a smg %'?15 Image capture device he tWO VIeV\PS improve

accuracy of@mélﬁ[atpmbﬁm@elﬁlmﬂlmnmntmmthetwm[htrﬁﬁdpimb}e dhrease tfth&stwel siienmetrically

positioned m; \lfrors. or ms 84 enabl tlon (e flect qfrom theg miconductor. wafer 12 in
dlfferer?%e dlrrgcit)long o Férgsrea recte for captlﬁllﬁreg%yt e 3D mé@% cg(f)rtn re 8e%|ce 56. It will be

understood thyrahserson, skillednizbthellaribimtperetiasfiogtondssemiblgudgionndbetlon iy uredifor directing
illumination geflacted from the semiconductor wafer 12 in 20multiple directions (for example, two,
three, four and five directions) to be captured by a single exposure of the 3D image capture device 56.
To receive two views of the same profile of wafers, existing equipments use expensive,

As previously mentioned, the thin line illumination is supplied by a laser or broadband
10 fiber optic illumination source. In addition, the thin line illumination is preferably
directed at the inspection position at a specified angle with reference to a horizontal plane
of the semiconductor wafer 12 positioned thereat. The angle at which the thin line
illumination is directed at the inspection position is preferably variable as required using
techniques known to a person skilled in the art. It will also be appreciated by a person
15  skilled in the art that the wavelength of the thin line illumination may be selected, and
varied, as required. Preferably, the broadband wavelength of the thin line illumination is
selected for enhancing accuracy of at least one of defect detection, verification, and

classification.

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

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

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

along the wafer scan motion path or the whole wafer.

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

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



bulky and complicated setup by using multiple image capture devices. Due to the 25 inconsistent
profile of wafers, reflected rays do not consistently return in a predetermined 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. 54 To overcome the variation of the strength and
weakness (i.e. the dispersion) of the reflected rays from the semiconductor wafers 12, the present
system 10 enables illumination, reflected fram the semiconductor wafer 12 in different directions to be
captured by THE'3BSRHG8 REpidrs deigibe b meHR9%ta5 4okl cqrtmay-d¥eatyt 8! 3PSting and
inspection ofithenskmitenducies wafkrat Zoldee bsitsofalsibgiepsamaimemoreisgietifieblyetihe 3D image
capture device1156, Is enQances cost and space efficiency of the system 10. Furthermore, the ability
to use a sin&f% oaﬁQ]gf: vé Yéngand a single tube lens (in this case, the objective lens 58 and tube lens
60) for capturing multiple views of the semiconductor wafer 12 enhances ease and accuracy of

calibration. 10 After,completion of the first exemplary 3D, wafer scanning proc 700 ar the second
iy Je i SRR OARE (U M SRR ALY SO RIERESD IR e
classificationavtitere dic slatihe sserhideridbibto ligafet 18 p btsidesdob yhgerteirmiitg thé sepsidls and 418

are preferaiy.consifiaiessFbe copsalidalon oL ibg selpoiR.And e locRinns A0d slassifications

thereof, facilitates calCulation of a review scan motion path in a step 420. Preferably, the review scan
motion pathdsTegléifidted based on the locations of defects detected on the semiconductor wafer 12
along the wafer scan motion path. In addition, defect image capture positions along the review scan
motion gath is calculated or determined in the step 420. The defect image capture positions preferably

correspond 28 SHRARHEotsABHBReHESaMAsh &t RIoM WaFec e BewHIdT Hefelts et tBected (i.e.
the DROI ofiifg seicpodihetiwaliemblard Wing ihe stapsidd praps 4160, Imr e 422 0piie exemplary
method 400, an exemplary review process. 800 is performed. review proc 800 enables review
of defects a8l TR E0R . Bevit AL8TBIRIGTEER (b HoBo bl bt GEDfS via at
least one of@fiespondhe Pofiesafkecditrnads 8RAxanplathikcombiie 8ate. sbaprbaessotiew chart of
the exemplaﬁor%vig\%‘ roceslgléqg é? shown in FIG. 27. Exemplary review process 800 30 As

. a nin . .
previously méntione Re réview process 800 preferably comprises three review modes, namely the
first mdfde 800a, the second mode 800b and the third mode 800c. In a

In a step 752 of the second 3D wafer scanning process 750, the thin line illuminator 52
supplies thin line illumination. In a step 754, the thin line illumination is directed at the
inspection position by a reflector assembly 80. The reflector assembly 80 is alternatively
known as a prism assembly or a two mirror or prism setup.
20
In a step 756, the thin line illumination is reflected by the semiconductor wafer 12. Thin
line illumination reflected by the semiconductor wafer 12 can be reflected in different
directions depending on the surface profile of the semiconductor wafer 12. For example,
structural and geometrical variations on the semiconductor wafer 12 can cause the thin
25  line illumination to be reflected by the semiconductor wafer 12 in different directions

(otherwise known as dispersion of illumination).

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

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



58 step 802, a review mode (i.e. one the first mode 800a, the second mode 800b and the third mode
800c) is selected. First Mode 800a of the Review Process 800 5In a step 804 of the first mode 800a of
the review process 800, the first images and the second images of all the defects detected during the
2D image processing process 600 performed in the step 416 of the method 400 are consolidated and
saved. In a step 806, the consolidated and savedsfirst images and second images of the defects
10detected on the semiconductor wafer 12 are uploaded or transferred to an external storage or
server for an offline review. In a step 808, the semiconductor wafer 12 (i.e. the current semiconductor

wafer 12 on%’éllﬁ/a‘?er%%@éﬁoﬁdﬂﬁﬁ%radv@éeén]dza 0o Sl Wil issa B8 SRR tRE Wiltel®tack 20 onto
the 15waferltahlﬁl16dnwéhecte@ﬁtmaﬁm sélm&@ﬁepo&iﬁyﬁaﬁmmfnth&lmma&lﬁeéhtma%|ﬁmeeaated for the

second wafer 5804 to 81 ent| Illy re eateda er pf fimes, depending on the
number of w % ers o??he}\)/v%t e STAC a%Bkap%?suoﬁg ese gﬁ% r{e%ﬁf‘s |n %pOI’ISOhdatIOH

and saving dfdhlesﬁem:lma@elmahméemﬁidmgea mﬂatmﬂffomehehanaﬁendrﬁdhe walkgr stack 20, and
the upl dm[ﬁB? ﬁ]ee&‘lrst lma%es and second m %/%dt e ext rnaI orag%e orfeﬁrv rfor an offline

réctionstan resul (hr 11} Tedse
review. It wi preC|ate Yy a person S artthat t Irst mode a ena es automated

performancébitivatsre pn@oagshe Pwithblet weefdafcﬁﬁueed theaebgnticheagrgtwicholudiaffatiog
production. {his,mehoskaliowsZeeaninHingRiedicien whilewser faRRerer filinGsdew of saved

images. This
that are too dim or too bright. Accordingly, it is difficult to obtain an accurate surface

profile of the semiconductor wafer 12 using images that are too dim or too bright.
10
Thin line illumination reflected by the semiconductor wafer 12 is received by the
reflector assembly 80. More specifically, the reflector assembly 80 is configured for
capturing thin line illumination reflected in multiple directions. Preferably, the reflector
assembly 80 comprises a first pair of mirrors or prisms 82 and a second pair of mirrors or
15  prisms 84. In a step 758, reflected thin line illumination travels along two optical paths,
namely a first optical path via, or as directed by, the first pair of mirrors or prisms 82 and
a second optical path via, or as directed by, the second pair of mirrors or prisms 84. It
will be understood by a person skilled in the art that the reflector assembly can be
configured for directing captured reflected thin line illumination along a different number

20  optical paths as required.

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

symmetrically positioned.

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

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



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
30images 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 captured at each of
the defect image capture positions as calculated insthe step 420 using review image capture device 60
shown in FIG. 14. This is to say s review brightfield image using brightfield illuminator 62 and a review
darkfield image using darkfield illuminator 64 are captured of each defect detected by the 2D image

processing PrESESEBEE P BPthe! sk BroEle Faoi e RUrRBRF b FRWEW I8 8458 CBbfurdY by the
review imagercletimaddeice: 60mRyafdialotywateh Dithe rpméer of review images is a colored image.
It will be understood by a person skilled in the art, provided with the disclosure of the 10 present
description that intensities of the brightfield illumination and darkfield illumination used for capturing the
brightfield réViehwumnhgesantbarkfietdoreadsaminyadie shre sipgetiviely ahéye biia éter mimachamehvaried as
required. ForeXampis: e fiensiiies el llminafion ysedfanGapilring e pumber ol [Rvigw images
may be selecte ased on type of water defect the user of the system 10 wishes to review or 15 based
on the matehiappfopeiidyiddacod wafmcnasdt igmismipobitie lioecd prumcatentipiecrmgaheidldges using

various comigaions and Yarigns iRiensevel.Af BrahiEld and darkfeldiliumination st by the

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

positions as'eHIesHiaedYy Pufe Bgs Y oE Sl cBhsingaid ahbe st Magcsdh3biitale HAtosaved

review images eaRiHIEH alahch of thedefactimaasitapwenRasiions RIS iieRutploagrilo the
external storage or server for offline review in a step 824. In a step 826, the semiconductor wafer 12

(i.e. th&%urdIihe SAmeRTHYELST WalrEr'2£2 on the 25 wafer table 16) is unloaded and a second
semiconductor wafer 12 is loaded from the wafer stack 20 onto the wafer table 16 by the robotic wafer

handler 18.gﬁ?a step 822, gach of theﬁteps 402 to 422 is repeated for the second semic_}) ductor
wafer 12. CORSOHIAIE ARG irsl ifRaBRloaRd BB S5haP e%i%e‘é’ FoafaRre " debERtEY oit'the second
semiconductanbiafenpidraref uploadadstoftiie: Sbepnalisioifate eesxmetuctor wafer 12 using a

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

single exposure of the 3D image capture device 56.

To receive two views of the same profile of wafers, existing equipments use expensive,
bulky and complicated setup by using multiple image capture devices. Due to the

25  inconsistent profile of wafers, reflected rays do not consistently return in a pre-
determined ray path to the multiple image capture devices. This is to say, the dispersion
of illumination due to structural and geometrical variations on the surface of the
semiconductor wafer 12 typically results in inaccuracies in single view images captured
of the semiconductor wafer 12.

30



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 stack 20.
Repetition of the steps 820 to 828 results in consolidation and saving of the captured brightfield review
images and darkfield review images obtained for each wafer 50f the wafer stack 20, and the uploading
of the first images and the second images, to the external storage or server for an offline review. This
method allows continuing production while user can perform offline review of saved images. This
method allows capturing multiple images of each defect at various 10combinations illuminations for

offline reviewSWRHSEL e Bin RN R ZHdH Bn gt SRS rEdu it PR R e BBOC of the
Review Proeesc8A0 rhhe tidiel ntededfidcmiutier reviess placess Sl0sinprefexablyl nitalized by a

manual 15 iqPUt" more sgﬁcific(?l an iﬁgut or.command b th?zuser. In a step. 840, the user captures a
- . 1 urﬁ{ atllé)n reflecte Ofn tt semicon Uf:tcrr wadaier n .di %‘re irections to,be "
first review brightfield image and a Tirst review darkfield image at a first defect image capture position.

In a step 842jttwecdsey nhantiallynmspeatsuor views thelfirsthdpiev bnigntfielddmeagy andibe first
review garkfiel .f'ma 8163 turggf1 Igf%flera th§ufi[st re\fievy riﬁlhtfield }n&a e.and the figt rreview
i ac

I
. rofilin nspe € senmco Ctor wa ¢ use of a4 SMmgJe camera, c
darkfield |mgge are disp a)})ea on a screen or 20 monitor for faci itating wsuaﬁnspectlon thereof by the

user. The uggmﬁi_aﬂﬂef tbovidwitheed efmttest @ﬁﬁ@mﬁ@,ilmm@tﬁmasmﬂﬁiﬁaﬁépagsinﬁiqi@byigﬁtﬁeld and
the darkfieldjllumipatoro, ﬁhﬁh’%‘r%ﬂaf’é‘,“%héhﬁ)ﬂﬁ?rtS"mgraaﬁﬁ%t%g&ﬁl%cf&g’raﬂ%ﬁ?§ﬁigf%stﬁ%$ defect

corresponding to 25the first defect image capture position. The steps 840 to 844 are then sequentially
repeated fol@adindhts everfepbitiivadensastans pasitlensedy (lcararsdsmubipteyiawe of

the semiconductor wafer 12 enhances ease and accuracy of calibration.
10
After completion of the first exemplary 3D wafer scanning process 700 or the second
exemplary 3D wafer scanning process 750, all the detected defects, and the locations and
classifications thereof, on the semiconductor wafer 12 obtained by performing the steps
416 and 418 are preferably consolidated. The consolidation of the defects, and the
15  locations and classifications thereof, facilitates calculation of a review scan motion path
in a step 420. Preferably, the review scan motion path is calculated based on the locations
of defects detected on the semiconductor wafer 12 along the wafer scan motion path. In
addition, defect image capture positions along the review scan motion path is calculated
or determined in the step 420. The defect image capture positions preferably correspond
20  with the locations on the semiconductor wafer 12 at which defects were detected (i.e. the

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

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

process 800 is shown in FIG. 27.

Exemplary review process 800

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

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



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 30saved 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 61 third mode 800c of the review process 800,
the semiconductor wafer 12 (i.e. the current semicégductor wafer 12 on the wafer table 16) is only
unloaded after the completion of the step 846. Accordingly, it will be appreciated by a person skilled in
the art that the third mode 800c of the review process requires continuous user presence for effecting
the 5visual HEP&tort &F YEWeR I d5En NG fFY &8638%%%%%%?88@9%@6%%
semiconductisirdvabele BBt eistheectedent semiconductor wafer 12 on the wafer table 16) is unloaded
and the robotic wafer handler 18 then loads a second semiconductor wafer 12 onto the wafer table 16
from the wafer 10 stack 20. The steps 840 to 848 are repeated any number of times depending on the
number of sEimichfvdia @PavefdesRERito Beanspetitéd (or number of semiconductor wafers 12 in the

wafer stack 20). It will-he understood er skilled in.the artowith the.disclosure proyided by the
T desc i e e B S e fects
a relatively isrdisetiminate ebabdlidatidectstdetageednidnndohdirh ohegptorectipmegeeosheldternal

storage or sgIvelmbAg iRt Moda 80Pmant hisuserand [HRde EROP SaPLEReNt automated review

processes. The user is able to access the external storage or server for offline review of the captured
images as and when required. The first 20 mode 800a and the second mode 800b enable continuous

re\{ievcv]l of Z%haosftépeswf@{é Qe nalensteck 9 28 hRasf N RYQUS INARR LARTHIR: Gengalidation,
upload and storage.
P 10 detectgd on the semiconductor wafer 12 are uploaded or transferred to an external storage

or server for an offline review.

In a step 808, the semiconductor wafer 12 (i.e. the current semiconductor wafer 12 on the
wafer table 16) is unloaded and a second wafer is loaded from the wafer stack 20 onto the
15  wafer table 16 by the robotic arm. In a step 810, each of the steps 804 to 808 is repeated

for the second wafer.

The steps 804 to 810 are sequentially repeated any number of times, depending on the
number of wafers of the wafer stack 20. Repetition of the step 804 to 810 results in
20  consolidation and saving of the first images and second images obtained for each wafer
of the wafer stack 20, and the uploading of the first images and the second images, to the
external storage or server for an offline review. It will be appreciated by a person skilled
in the art that the first mode 800a enables automated performance of the steps 804 to 810
without need for user intervention and without affecting production. This method allows
25  continuing production while user can perform offline review of saved images. This

method increases system 10 utilization as well as productivity.

Second Mode 800b of the Review Process 800

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

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



It will be appreciated by a person skilled in the art that while only three review modes, namely the first
mode 800a, the second mode 800b and the third mode 800c are described 25 in the present
description, a person skilled in the art may employ alternative review processes or different
permutations or combinations of the steps of each of the three review modes 800a, 800b and 800c. In
addition, it will be appreciated by a person skilled is¢he 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 30the present invention. 62 After the performance of the review process
800, verified YRELs4AENE WTAHEHS ARg T rRBLH T RSN IR & B A oRBR PR Aht* ved in a
step 426. Thevusrifiadgleteptaradevice kicaions anddassifitiatassdhaiesfrarewansglitiated and
saved either in the data ase ar 13 an extertnal atalaase or. memory. space. The waf%r I‘EPQIAS also
updated in thnéagFeB% "&S 6Fevibuu§fi}n edcribel, edch of the %rap %re%ﬁﬁh‘fﬁgﬁ% |rfa1ragles, DHA
images andiDwAiatagés$ isecampacd dirtivia ddere siearedid d g didetDr edergnpep arssafe rprocesimage for
identifying of detecting def the semiconductor wafer 1.2. The exemplary reference 10 image
croation prossE B B e B e R e e R om o
derivation ofsagh safarendeyimdgb ritfoviibhe eastierstbodioplepefgonickillawdastiresaeptpretthe
reference in?glggec_:reation process 900 can also be referred to as a training process. 15 As previously
described, each of the 2D brightfield images, 2D DHA images, 2D DLA images captured during the 2D
wafer scanning process 500 are preferably matched with their corresponding reference images

created by theygfe/eNREINBEE KV EAPARIN ARARSY IV QAP S RIBPIRH CAMBRERRIPIRCARS is already
described with the 2D image processing process 600. However, for increased clarity, a summary of

matchilfy betiFet WSPRIRT MRagEY aMiFPetdrenet ifagbdsthrldidiupiemionriretdy derdiskdl alignment

of the selectediasking iMageds pgfaimedndshgekrnn referenaesdncludingadbtrotdnmited to,
templates, trace, bumps, pads and other unique a%}eg{ns. Secondly, the eflgrence 25 intensity of the

semiconductBREAFEFSPSLY NS iR CafHia Bttt at WS n2th USRIt oG MBS e Biured is
calculated. Aneapipikspuftitiliafzreince usedgfvforamatoiingevithibe et kingev agadssthenysetected. The

appropriate sreel‘é%ﬁgé‘%%ts'@aa&? t'c'ysg%r%er%% SefeStRk MRM e UlRlS TS5 e RERI TRARS. G/ egted by the
reference imagée creation process 900.
15  based on the material of semiconductor wafer 12. It is also possible to capture multiple
review images using various combinations and various intensity levels of brightfield and

darkfield illumination set by the user.

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

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

In a step 826, the semiconductor wafer 12 (i.e. the current semiconductor wafer 12 on the

25  wafer table 16) is unloaded and a second semiconductor wafer 12 is loaded from the
wafer stack 20 onto the wafer table 16 by the robotic wafer handler 18. In a step 828,
each of the steps 402 to 422 is repeated for the second semiconductor wafer 12.
Consolidated and saved first images and second images of defects detected on the second
semiconductor wafer 12 are uploaded to the external storage or server.

30



63 The CPU is preferably programmed for enabling selection and extraction of the appropriate
reference image to which the working image will be matched. Preferably, the calculation, and storage,
of the normalized average or geometric mean, standard deviation, maximum and minimum intensity of
each pixel of the reference images by the 5Sreference image creation process 900 enhances speed
and accuracy of extracting the appropriate referenge image to which the working image will be
compared. Corresponding quantitative data for each pixel of the working image is then calculated. The
guantitative data is for example normalized average or geometric mean, standard 10 deviation,
maximum afiASiISFERIN RN SRS BrBa &R Iivargr s VorkT g e g0 Yh B2 Sandhaticre dath values for
each pixel oithewasking tinagedspdiginieter ercashiveelod ckadcagaiosironnfesponding dattevalues of
each pixel of th lected referepce image, C.omparjson of quantitative data values between pixels of
e working g a T U 16 DR (Tt e e R e e R qetocs.
Preferably, papdetdrimigbdithtesheld ualiges aré dakbylthe user iDiffes @bceredtive @adher gfieantitative
data values ixels-of th rking ima d pixels, of the reference,image is matched against the
oreciteimr e e s el A R e
difference betivaw tivsagaanticativeleata dllinssofipixels of the 20 working image and pixels of the
reference image is greater than the predetermined threshold values, a defect (or defects) is flagged.
The predetermined threshold value can be varied as required. Preferably, the predetermined threshold

value is variEbiforabpdstivyvsteRiyBEedT st dieevki s 0oel sap Beatim ohllipR pricre &drfalsed threshold
value is prefgrably varigd asireguiieshdepgnaing ondvasofifairect iy e deteated. majgriahof

semiconductor wafer 12 presented for inspection, or illumination conditions, Furthermore, the

predet&?mirednpreSRs R el Hendleg Hepekaig ot aftarstvmmBredienbiEyiateratly the
semiconducﬁgp}a%%‘&udr@qwtements. 64

Third Mode 800c of the Review Process 800

The third mode 800c of the review process 800 is preferably initialized by a manual
15  input, more specifically an input or command by the user. In a step 840, the user captures
a first review brightfield image and a first review darkfield image at a first defect image
capture position. In a step 842, the user manually inspects or reviews the first review
brightfield image and the first review darkfield image captured. Preferably, the first
review brightfield image and the first review darkfield image are displayed on a screen or
20 monitor for facilitating visual inspection thereof by the user. The user is able to view the
defect at different illumination combination using the brightfield and the darkfield

illuminator.

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

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

After the steps 840 to 844 are sequentially repeated for each and every defect image
capture positions, positive defects and their classifications are then consolidated and
30 saved in a step 846. The consolidated and saved positive defects and their classifications

are then uploaded or transferred to the external storage or server in a step 848. In the



An exemplary system 10 and an exemplary method 400 for inspecting semiconductor wafers are
described above. A person skilled in the art provided with the description above will understand that
the modifications to the system 10 and the method 400 may be done without departing from the scope
of the present invention. For example, sequence of 5steps of the method 400, and the sequence of
steps of processes 500, 600, 700,750, 800 and 906] may be modified without departing from the
scope of the present invention. It is an objective of the system 10 and method 400 of the present
invention to enable accurate and cost-effective inspection of semiconductor wafers. The ability for an

10 automate it Spatis ROSF U CEHEN RS PSS Db ehis WIRABH Lr ¥ h&nveth Bt 486 Rhile the
semiconduciemnivaiidnisoinwatdtor? enhab cestafiisien cy)db ihd ynspesiahaticsemicomglcion wafers. This

is because time js n sted for decelerating and stopping of individ semiconductor wafers at an
mspeation SUBLR 1a S0 AP EILGE RSO Clb G A AL A Re

hereof, or subsequen Acéleration an%ﬁrtansport of the
semicondudiorduafelef8Ofit tifahnspaetioprot& pasitionsafberitheumnage pragonedoiee ritaptugeble as with
several ;xisyﬂg a?emicg{ilglugtor wafer firé%]age\(%/tzi@& systems. Known image offsets between multiple

image captures acilltate &oééesvslﬁ%%ft e captured images to thereby detect defects that may be

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

enables the goftwaredesageratrly deteroine Gip corowinpisrpl e drieciinibe 70 sgugonductor

wafer and, subsequently, the position of the semiconductor wafer in the entire frame. The offset is

preferably de@RMPELFISY adeling thetksharartaifid)il balpabdsd xadhg wbelispreiersatieiotors and is
used to calciiaie iR &R-qrdinaies ahr SRfRabPLAREES o MPEdilme e S ee0f bR iPaags at every

inspect locations combines advantages of two different imagig%éechniques for facilitating more
accurat® 2588fkicthdlfdot Warétth&pddifonreriniasisortd HERtSJ B S frassingtedin the art

that the timensyBehtgrizationRicidagesanieHeanpe e hassacstieehiMamapedifically, the
time-synchre?gization m% gﬁ%%? sted for enhancing the ability of the programmable controller to

compensate' 301dPFnA tween the captured images. The system 10 and method 400 of the
present invention facilitates accurate synchronization between supply of illumination and 65

It will be understood by a person skilled in the art with the disclosure provided by the
15  description above that the first mode 800a and the second mode 800b of the review
process effects a relatively indiscriminate consolidation, storage and uploading of
captured images to the external storage or server. The first mode 800a and the second
mode 800b represent automated review processes. The user is able to access the external
storage or server for offline review of the captured images as and when required. The first
20  mode 800a and the second mode 800b enable continuous review of each of the wafers of

the wafer stack 20, or the continuous image capture, consolidation, upload and storage.

It will be appreciated by a person skilled in the art that while only three review modes,
namely the first mode 800a, the second mode 800b and the third mode 800c are described
25 in the present description, a person skilled in the art may employ alternative review
processes or different permutations or combinations of the steps of each of the three
review modes 800a, 800b and 800c. In addition, it will be appreciated by a person skilled
in the art that each of the three review modes 8000a, 800b and 800c may be modified or
altered as required using methods known in the art without departing from the scope of

30  the present invention.



exposure of corresponding image capture devices for capturing of images to minimize 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 their combinations supplied for
capture of images by the system 10 can be easily selected and varied as required depending on
factors including, but not limited to, type of defectsd@ be detected, material of the semiconductor wafer
and stringency of semiconductor wafer inspection. The system 10 and method 400 provided by the
present invention also enables 10 measurement of height of 3D elements on the semiconductor wafer,
and analysi$‘SF3HpPSHETAGR WhndHe s s dRtorntedrds bty e WM 4% of the
present investiigitibasoar wbpiiod) setudntot dapticaldnspertion digadlb4 Thehigiridodsbok readire
frequent spagial reconfigurations to cater to changes in 15 semicgnductor. yvafer structure or

i qUigiichiE A il el St R e —
and design of iheasystemadl Glamioas: Spevificatly ghitiee Dipticalfenspactionlheagdhtdlinahisstaf tube
lenses gnh s ease of introduction of optical components and accessories into the system, more
specifically between objective lenses and the tube lenses. 20 The system 10 of the present invention
comprises vibration isolators 24 (collectively known as a stabilizer mechanism) for buffering unwanted
vibrations tohesveian s Higa Biafion irelalatrbhelRAd sRlBac el obimappy aaptured by
the first image capture device 32, the second image capture device 34, the 3D profile camera and the
25 review in¥RgECE At SR oM dhIHE I CEPHSH ofcdiiracE deteraiBisnes ddiEgRiothe

XY-displacemeniriahie, 2 dealdiie: sten dPrhabliasAauiate displacament apsi alidemeratof the
semiconductor wafer relative the inspection position. As described in the background, existing

refererife intBg8SIRiHILABPEICET e AAnREPXtdessBY B dUETFas IMENISNSEIB N BiingbHd: 18)

semiconductgyiNader sréasoitiog deriehabvedn agenReiesandnaceSISIRNCIBS ehdigtived ksference
images. Accordingﬁl%/. malit of 66 semicopductor wafer inspection is %ferselyéaffect d. The system
g XP t%

10 and metk68%d U PPELEh WBﬁﬁ%%rﬁ%‘?é%eeﬂﬁé ReBTGE ity OF AL FEHH B EFeating

reference images withivigtpraesal selection (i.e. subjective selection) of "good" semiconductor wafers.
The reference image creation process 900 allows for application of different
15  As previously described, each of the 2D brightfield images, 2D DHA images, 2D DLA
images captured during the 2D wafer scanning process 500 are preferably matched with

their corresponding reference images created by the reference image creation process

900.

20  An exemplary comparison process is already described with the 2D image processing
process 600. However, for increased clarity, a summary of matching between working
images and reference images is provided below. Firstly, subpixel alignment of the
selected working image is performed using known references including, but not limited
to, templates, trace, bumps, pads and other unique patterns. Secondly, the reference

25 intensity of the semiconductor wafer 12 at the image capture position at which the
working image was captured is calculated. An appropriate reference image for matching
with the working image is then selected. The appropriate reference image is preferably
selected from the multiple reference images created by the reference image creation
process 900.
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5 thresholds of intensities across different locations of the semiconductor wafer, thus accommodating
non-linear illumination variations across the semiconductor wafer. The method 400 therefore facilitates
reduction in false or unwanted detection of defects and ultimately an enhanced quality of
semiconductor wafer inspection. 10The present invention enables automated defect detection using
an analytical model that compares reference images with captured images of unknown quality
semiconductor wafers. The present invention also enables automated defect detection, preferably by
performing digital analysis on digitalized images (i.e. warking images and reference images). 15 The
present inve ﬁ)rpgyaBFeQ%‘fBarﬁiteﬂ?g(ﬂgW?ﬂoé‘g (SP%WP)%Hi?%efi\ﬂ'émf)“\ﬂ/it%fﬂcgﬁacﬁﬁgﬂberoduction
and improveppngahirer¢félizaiiomayb eseds dhehexistikin e quipmenl offerscoivy. iraifierabrgview mode,
which require th? a erator, to decide every defect bé/e(lllsian and lookin atrqgulﬁig'e differ ntd'llumination
p

intensities. fﬁlfﬁ %e?br%%%irsutgomn%nn%fr, an e&%%%lllary sys KiRcant £ B Iaryarrﬁetq‘rt{‘%:)n for inspecting

semiconduadeviuaier snanshoonmpdnemtisnorovidedity @mnbddpnents dfethe qreese nhirpesityaheare

describgd. TOR SAEMAIAL: WRIGTLANARIRA Adfigsses ALIPARl NERII YRz phpriliems faced

by existing semiconductor inspection systems and methods as mentioned 25 in the ba kground. It will
however beappdargidottisyeaqeamage skilldecinthieevarkihaithgprabdistdoweatish 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 dep&iifigs RO RBISeHateisHaBiiPDraRR Mvdrifothe BPEiBggage InheRsteetisisSystem

comprising: The%MMQ&@QNiW%Q%b@H@HQ&WWQHWiQ%@&& e IRSResHARIPOSItion on
a surface of an article under inspection; 5a plurality of optical elements comprising a first reflector

assemily cSHEERY FRRdEp Y dApBEBYINERTHSYOh Fasieeisel it tairskinechsss Hof the
surface of thpaitickevdreer varRegipeaangithe Sirsir alierior assembiidaaiTerfndhescaiigeded for

directing the captured dispersed.illumipation along.a plurality of optical paths to provide a plurality of
Views of the 8L O P E AP GO SE DA SLg the Selected relefence image

Comparison of quantitative data values between pixels of the working image and pixels
15 of the reference image enables identification or detection of defects. Preferably,
predetermined threshold values are set by the user. Difference between the quantitative
data values of pixels of the working image and pixels of the reference image is matched
against the predetermined threshold values with one of multiplicative, additive and a
constant value. If the difference between the quantitative data values of pixels of the
20  working image and pixels of the reference image is greater than the predetermined

threshold values, a defect (or defects) is flagged.

The predetermined threshold value can be varied as required. Preferably, the
predetermined threshold value is varied for adjusting stringency of the method 400. In

25  addition, the predetermined threshold value is preferably varied as required depending on
type of defect to be detected, material of semiconductor wafer 12 presented for
inspection, or illumination conditions. Furthermore, the predetermined threshold value
may be altered depending on a customer’s or more generally the semiconductor
industry’s, requirements.
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10an image capture device configured to receive the captured dispersed illumination that provides the
plurality of views of the surface of the article under inspection as a single exposure. 2. The system of
claim 1, wherein the illumination incident on the surface of the article 15under inspection is directed
thereto by a second reflector assembly, the second reflector assembly comprising at least one
reflector. 3. The system of claim 1, wherein the firgireflector assembly comprises at least one of a
beam splitter, mirror, a prism and a reflective surface. 4. The system of claim 1, wherein the first
reflector assembly comprises a first reflecting structure and a second reflecting structure arranged for

capturing diSPerSSBRIAMiNaYoR rehabtearnsirtREsu Rt NR rinsrariRs HayserdirOnd directing
the capturedvdispenseddiuntiantioovalongparfisat plicalipatie and @meacandvaptical padiipeispectively. 5.

The system of claim 1, wherein the plurality of optical elements further includes #)asto e objective
fome comtiouRa o DM e BB s S D B B R B8 e
system of cldone lyivhberdipinenglinatitthotopeca] iepnesrts fovtheiomdfodesaatpleastpredube lens

configured for focusing the ¢ ed ﬁi ersed. illumination directed al t lurality pof aptical paths
oo e Al e B S B rociucton
of additionahopfie8l cumponmaisidtey theusydsteariing fi®nTHhe syepent dfccpadsertt, inieatiin. the illuminator
comprises a thin line illuminator. 109. The system of claim 8, wherein the thin line illuminator
comprises a laser. 10. The system of claim 1, wherein the plurality of views of the surface of the article

under inspektisreprotigiy oot dhe sprss o dmpte tRE bGrRaetcdf theehigs doupidsnspection
at the inspegtiqRRositiancdse el e susisrrish clinehivd iR thg draRgerfapiyiR fancels
configured for converting . )

10 automated inspection of semiconductor wafers by the system 10 and the method 400
while the semiconductor wafer is in motion enhances efficiency of the inspection of
semiconductor wafers. This is because time is not wasted for decelerating and stopping of
individual semiconductor wafers at an inspection position for image capture thereof, and
for subsequent acceleration and transport of the semiconductor wafer from the inspection

15  position after the images have been captured, as with several existing semiconductor
wafer inspection systems. Known image offsets between multiple image captures
facilitate processing of the captured images to thereby detect defects that may be present
therein. The offset relative to the particular set of images for the same semiconductor
wafer enables the software to accurately determine the co-ordinates of the defect in the

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

25  semiconductor wafer inspection.

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

present invention facilitates accurate synchronization between supply of illumination and



the single exposure of the plurality of views of the surface of the article under inspection to image
signals, and where the system further comprises a processing unit configured for receiving and
processing the image signals. 2012. The system of claim 11, wherein processing the image signals
facilitates a 3D inspection process performed upon the surface of the article under inspection.  13.
The system of claim 1, wherein the image capture glevice is configured for capturing as a single
exposure the plurality of views of the surface of the article under inspection 25while the article under
inspection is in motion, 14. The system of claim 1, wherein the image capture device comprises a 3D

profile camePsLOBEC OF SHEBIMY e HBASIIRIESH (A SPREHER SOLMBH O RMEEE of an

article undedéspkeivarobingrediivminate;.  transmitting dispersed illumination reflected in multiple
directions from the surface of the article under inspection along a plurality of optical paths to provide a
5plurality of views of the surface of the article under inspection, the transmitting facilitated by a plurality
of optical elélnentsitiang usedcajpturing 9stensihgleaaxposurdd¢h@lplurabity efodews of thghsuvlace of the
article undeg jngpection by, A0/Made CARINE davige 1010 he method of nspeciion s i claim 15,
wherein transmitting dispersed Hlimation reflected I multiple directions from the surface of the
article undesupspection cipiecaopluralits diyofcsyperthd Qocprobddensilplselditipdfavibwarisfithe surface of

the artcle upde DFASSIRMECMBIIRGS including ARG iRRE e Hleriaaton fefledadpamultile
directions from the surface 15of the article undér inspection by thé plurality of optical elements; and
material of the semiconductor wafer and stringency of semiconductor wafer inspection.
The system 10 and method 400 provided by the present invention also enables
10 measurement of height of 3D elements on the semiconductor wafer, and analysis of 3D

profile images while the semiconductor wafer is moving.

The system 10 of the present invention has an optical setup (i.e. optical inspection head
14), which does not require frequent spatial reconfigurations to cater to changes in

15  semiconductor wafer structure or characteristics. In addition, the use of tube lenses with
the system 10 enables ease of reconfiguration and design of the system 10, more
specifically of the optical inspection head 14. The use of tube lenses enhances ease of
introduction of optical components and accessories into the system, more specifically
between objective lenses and the tube lenses.

20
The system 10 of the present invention comprises vibration isolators 24 (collectively
known as a stabilizer mechanism) for buffering unwanted vibrations to the system 10.
The vibration isolators 24 helps to enhance quality of images captured by the first image
capture device 32, the second image capture device 34, the 3D profile camera and the

25  review image capture device 62, and thus the accuracy of defect detection. In addition,
the XY-displacement table 22 of the system 10 enables accurate displacement and

alignment of the semiconductor wafer relative the inspection position.

As described in the background, existing reference image derivation or creation processes
30 requires manual selection of “good” semiconductor wafers, resulting in relative

inaccuracies and inconsistencies of derived reference images. Accordingly, quality of



directing the captured dispersed illumination along the plurality of optical paths to provide the plurality
of views of the surface of the article under inspection by the plurality of optical elements. 2017. The
method of inspection as in claim 15, wherein the plurality of optical elements comprises a first reflector
assembly and wherein the first reflector assembly comprises at least one of a beam splitter, mirror, a
prism and a reflective surface. 18. The method of iggpection as in claim 15, wherein transmitting the
dispersed 25 illumination reflected in multiple directions from the surface of the article under inspection
along the plurality of optical paths comprises transmitting the dispersed jllumination reflected in
multiple direURE BRI 1AER°6 1 M SAUE BRSSP LB ATSRY & AiPSt Bisthes pAPhnd a
second opticad patke @O0k edinen nmeliod Okiitspestiafuaisin efaiivptSivvhekeicrdiengl uedditynoé optical
elements comgrises 1 o?jectivellenf; End 70 btra?smittip Ith di§persedj, illuminati ntreflected in
multiple direClicns from the Suface of t 18%&,*&@%{%8#‘,’&%%% ion' I8ng%ﬂ% firSt Icr)lﬁﬁ%la uﬁa% and the
second opticalfpathltemplisas calirpatingdhendisperse @Mu atioat dior efdpbitad @l ool dHéefnst optical
path andl the,segondl opfical pafiLo%Ine ORING 053,80 e MR aliNsPafign fgn claim 18,
wherein the p]fura?lty of optica elements comprises a tu]beﬁens; and transmitting the Ispersed
illumination aefleoteeditinguitipiditkre olionygfao o thieristifac ecod théhartisteoendestinspelctiohwlong the
first optical path anddhensraendniicabl ORaitisRmPrRes JoaHR A A adizaerse diininatien reflected

along the first optical path
ultimately an enhanced quality of semiconductor wafer inspection.

10 The present invention enables automated defect detection using an analytical model that
compares reference images with captured images of unknown quality semiconductor
wafers. The present invention also enables automated defect detection, preferably by

performing digital analysis on digitalized images (i.e. working images and reference

images).

15
The present invention enables automated review mode (or on offline review) without
affecting production and improves machine utilization, whereas the existing equipment
offers only manual review mode, which require the operator to decide every defect by
using and looking at multiple different illumination intensities.

20

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

25  in the background. It will however be understood by a person skilled in the art that the
present invention is not limited to specific forms, arrangements or structures of the
embodiments described above. It will be apparent to a person skilled in the art in view of
this disclosure that numerous changes and/or modifications can be made without
departing from the scope and spirit of the invention.

30



and the second optical path by the tube lens. 21. The method of inspection as in claim 15, wherein
supplying incident illumination to the inspection position on the surface of the article under inspection
by the illuminator 15comprises supplying incident illumination to the inspection position on the surface
of the article under inspection by a thin line illuminator. 22. The method of inspection as in claim 15,
wherein supplying incident illumination to the inspegtion position on the surface of the article under
inspection by a thin line 20illuminator comprises supplying incident illumination to the inspection
position on the surface of the article under inspection by a laser. 23. The method of inspection as in
claim 15, Wrg?émscapturing as a single exposure the plurality of views of the surface of the article
under inspectian byibaitnagacaptmer’dbaevice comprises capturing as a single exposure a 3D profile
of the surface of the aﬁlcle under |n§pectdo?ory81tl e1 e C%Btlfl qldewc? 24. The method of

PP ym nt 1 10

1 T CONIigure 1nc UI1n n to an 1
inspection as in cldim' gmfu?ttﬁ)er comprising verting the single exposure "SPEREP plurality of

views to ime;g:eiﬁtgrmisabyrﬂaeBEfﬁimagerapnﬂm uleptcaony 1 25 The method of inspection as in claim
24, furtiyer comprising; ISGEINING AN AOSERS N NSIMAIR IIPALBY ARIMEENAHNY for
capturing dispersed illumination reflected in multiple directions from the surface of the
article under inspection and the first reflector assembly being further configured for
directing the captured dispersed illumination along a plurality of optical paths to provide
a plurality of views of the surface of the article under inspection; and
10 an image capture device configured to receive the captured dispersed illumination
that provides the plurality of views of the surface of the article under inspection as a

single exposure.

2. The system of claim 1, wherein the illumination incident on the surface of the article
15  under inspection is directed thereto by a second reflector assembly, the second reflector

assembly comprising at least one reflector.

3. The system of claim 1, wherein the first reflector assembly comprises at least one of a
beam splitter, mirror, a prism and a reflective surface.

20
4. The system of claim 1, wherein the first reflector assembly comprises a first reflecting
structure and a second reflecting structure arranged for capturing dispersed illumination
reflected from the surface of the article under inspection and directing the captured
dispersed illumination along a first optical path and a second optical path respectively.

25
5. The system of claim 1, wherein the plurality of optical elements further includes at
least one objective lens configured for collimating the illumination directed along the

plurality of optical paths.
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when the article under inspection is in motion. 10 15 20 25

68

6. The system of claim 1, wherein the plurality of optical elements further includes at
least one tube lens configured for focusing the captured dispersed illumination directed

along the plurality of optical paths onto the image capture device.

5 7. The system of claim 6, wherein the tube lens facilitates introduction of additional

optical components into the system.

8. The system of claim 1, wherein the illuminator comprises a thin line illuminator.

10 9. The system of claim 8, wherein the thin line illuminator comprises a laser.

10. The system of claim 1, wherein the plurality of views of the surface of the article
under inspection provides or corresponds to a 3D profile of the surface of the article
under inspection at the inspection position.

15  11. The system of claim 1, wherein the image capture device is configured for converting
the single exposure of the plurality of views of the surface of the article under inspection
to image signals, and where the system further comprises a processing unit configured for

receiving and processing the image signals.

20  12. The system of claim 11, wherein processing the image signals facilitates a 3D

inspection process performed upon the surface of the article under inspection.
13. The system of claim 1, wherein the image capture device is configured for capturing
as a single exposure the plurality of views of the surface of the article under inspection

25  while the article under inspection is in motion.

14. The system of claim 1, wherein the image capture device comprises a 3D profile

camera.

30  15. A method of inspection comprising:
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supplying incident illumination to an inspection position on a surface of an article
under inspection by an illuminator;

transmitting dispersed illumination reflected in multiple directions from the
surface of the article under inspection along a plurality of optical paths to provide a
plurality of views of the surface of the article under inspection, the transmitting facilitated
by a plurality of optical elements; and

capturing as a single exposure the plurality of views of the surface of the article

under inspection by an image capture device.

16. The method of inspection as in claim 15, wherein transmitting dispersed illumination
reflected in multiple directions from the surface of the article under inspection along a
plurality of optical paths to provide a plurality of views of the surface of the article under
inspection comprises:

capturing dispersed illumination reflected in multiple directions from the surface
of the article under inspection by the plurality of optical elements; and

directing the captured dispersed illumination along the plurality of optical paths to
provide the plurality of views of the surface of the article under inspection by the

plurality of optical elements.

17. The method of inspection as in claim 15, wherein the plurality of optical elements
comprises a first reflector assembly and wherein the first reflector assembly comprises at

least one of a beam splitter, mirror, a prism and a reflective surface.

18. The method of inspection as in claim 15, wherein transmitting the dispersed
illumination reflected in multiple directions from the surface of the article under
inspection along the plurality of optical paths comprises transmitting the dispersed
illumination reflected in multiple directions from the surface of the article under

inspection along a first optical path and a second optical path.

19. The method of inspection as in claim 18, wherein

the plurality of optical elements comprises an objective lens; and
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transmitting the dispersed illumination reflected in multiple directions from the
surface of the article under inspection along the first optical path and the second optical
path comprises collimating the dispersed illumination reflected along the first optical path

and the second optical path by the objective lens.

20. The method of inspection as in claim 18, wherein

the plurality of optical elements comprises a tube lens; and

transmitting the dispersed illumination reflected in multiple directions from the
surface of the article under inspection along the first optical path and the second optical
path comprises focusing the dispersed illumination reflected along the first optical path

and the second optical path by the tube lens.

21. The method of inspection as in claim 15, wherein supplying incident illumination to
the inspection position on the surface of the article under inspection by the illuminator
comprises supplying incident illumination to the inspection position on the surface of the

article under inspection by a thin line illuminator.

22. The method of inspection as in claim 15, wherein supplying incident illumination to
the inspection position on the surface of the article under inspection by a thin line
illuminator comprises supplying incident illumination to the inspection position on the

surface of the article under inspection by a laser.

23. The method of inspection as in claim 15, wherein capturing as a single exposure the
plurality of views of the surface of the article under inspection by the image capture
device comprises capturing as a single exposure a 3D profile of the surface of the article

under inspection by the image capture device.

24. The method of inspection as in claim 15, further comprising:
converting the single exposure of the plurality of views to image signals by the

image capture device.
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25. The method of inspection as in claim 24, further comprising:

receiving and processing the image signals by a processing unit.

26. The method of inspection as in claim 15, wherein capturing the plurality of the views
of the surface of the article under inspection as a single exposure by the image capture

device is performed when the article under inspection is in motion.



