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

componentsy §rEpARIS HEFTEROSUCORWRSIE ad B A VAFERSINglY
crucial in the semiconductor industry. Semiconductor wafer fabrication

techniques have been consistently improved for incorporating an increasing
FierNPehoddgaires into a smaller surface area of the semiconductor wafer.
Accordingly, the photolithographic processes. 15 used for semiconductor

TR tEssFRbIRAESIPRACE 52 ESRFEAROFE 8OPHISHERRSG YO RGN e NHRESHRsEGAILY-
thef preseasing entvRerditaatiereminiattieasraaligsisaifage arRmelith®r inspecting
semiconductor wafer (i.e. for achieving higher performance of the
SCRURMGHIRIEOMAMIENS). Consequently, sizes of potential defects on
semiconductor wafers are now typically in the micron to submicron range. 20
It js evid%ﬂ that manufacturers of semiconductor wafers have an increasingly
B?ﬁ'é@g?H& need to improve semiconductor wafer quality control and inspection

Ty ogsigidyesotocansieren ac6asIsisteRthiBh(ually of mamufactured semiconductor
semiconductor wafers. Semiconductor wafers are typically inspected far

COFUIBRENG d8FeCIa RS ST SORAVSLreaETR Ut Sifftady DE FHTHEatE2! in the

seifipgitRetionsindusuatigsnanch Qb esr irnegrdaritiggicatich defastkjcayihaitecbeen
eventual perform@g:e of the semiconductor wafer. Therefqre, it is critical to

COBRIRALES BPPERYSSCT e ReRTPR 8L AR Bh HIFEas e far bt g fikures into a smaller

subfigieufineius g ofsspnicandustoranalerscsAihpprethayd hermagvphiesribtesses
semiconduyctor inspectign systems and processes. For example, higher

gL S ARG by LRl LG GLRRS OB R 0BE BralSigh o the

incorporation of increasing number of features into the smaller surface area of the

semiconductor wafer (i.e. for achieving higher performance of the semiconductor

wafers). Consequently, sizes of potential defects on semiconductor wafers are now

typically in the micron to submicron range.

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

wafers.

There have been advances in semiconductor inspection systems and processes. For

example, higher resolution imaging systems, faster computers, and enhanced precision
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mechanical handling systems have been commissioned. In addition,
semiconductor wafer inspection systems, methods and techniques have
historically utilized at least one of brigl%tfield illumination, darkfield
illumination and spatial filtering techniques. 5 With brightfield imaging, small

maiigles pate seRicandMaiobwaebarAiSIgA! VM i sansRbaatittr wafer
aperture of an image capture device, thereby resulting in a reduction of

INFREGHSIRERYS tBiBeh g daphiieigeiade Wskaritadpattidrsdsdneastpne of
briIRAISOIMER Shedantalinainhspieadungsiam pfiRdens Restigializing

pixel, brightfield energy from the immediate areas surrounding the particle
generally contribute a large amount of 10 energy relative to the particle,

wigeyhtnatdnenthenpacicsd piifictitd@ fleteciem @ditiany Whgeyaasenalkht away

reduction in energ% due to the small particle size is often masked by

fromyia cliey VA AROHY ¢S P IHER At JRice alRRb RS IR thisdisjion of

ref@sielingdryynereased nectipencesfdalsvidelfert gataction JR0Vel cMParison
the above phenomena, semiconductor inspection systems have been

with thspeefsrPRIgh sereP ddHIs Rt ArEe P 8 R LS HRIXRn iR g Bl deeneray
frémagesmimsmaltesrsiifageoarrRsofhth paseaceRualorcvadebutBHghtbie tnount of

images generally have a better pixel contrast and this is advantageous for . .
ens&%mlﬂ%g%i%th? RERicls SR e HEB R Rg stk HEReUld [Ddtididn addition.

thimagingnuld itslach@ntagescare desamiiyenwetaknpuvidre thieait braskflieldked by
imaging has been employed with several existing semiconductor wafer =
refﬂgs%‘é'étﬁ'oﬁaré%?@%%.oﬁa iéﬁ%@ﬁﬁé‘%@éﬂi}rg’e ey etﬁi%e d&plting in
inyybisbdigatiayade oneidentdeftthalabigino e epasiad iy alove ggitotaena,
a horizontal plane of the object to pe inspected, (far example, 3 to 30 .
SO A RAETIMETTG BRSO SPOHULBETH Yo g s it fareer
refot@iigns whiete defaaisinsiiel as suiteespafticuintas dmperieationsdacd2wafer.
other irregularities exist. A particylar use.of darkfield imaging is to, light u
B RS R B L ol R TE GG ORDE e Hsipfous for
espragligesirightiielddmage s.hdh adpgharsanglederdbs.horizontal plane (for
example 30 to 85 degrees), darkfield imaging typically produces better

contrast images as compared to brightfield images. A particular use of such
Daipficbhdiradargfieid imagivgrenfanees goritdb! of duikfacenriegtiaridies Davificld

GRSt on enseerent pbicct I additon. gt ansle el hadng
systems. Darkfield imaging typically depends on the angle at which light rays are
incident on the object to be inspected. At a low angle to a horizontal plane of the object to
be inspected (for example 3 to 30 degrees), darkfield imaging typically produces a dark
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 brightfield images. At
a higher angle to the horizontal plane (for example 30 to 85 degrees), darkfield imaging
typically produces better contrast images as 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.
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3 Light reflectivity of the semiconductor wafer typically has a significant effect
on quality of images obtained with each of brightfield and darkfield imaging.
Both micro and macro structures presént on the semiconductor wafer affect
the light reflectivity of the 5 semiconductor wafers. 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

Light edimscoipnetdhnvsrarcamrighiTatis divigrIyyifat insigaiicanbrtiert on quality
ofMaYelERWRiaEdheiiRGEsans iIshLRA RN AR @l ke R sIHeM ©TBBEr micro and macro

semiconductor wafer, 10 It is generally difficult to control the light reflectivity

SRR RSBt 0P IvaRsr SprESBRMINE Yo HasHe &lbist THis iUght chifiestydly of the

sefifBoc@RIdbEiRsfaaferomayIGonsiluat sevgiauRis PhyaiesRicEatitlay el is
material may transmit different wavelengths of Iir%ht differently, for examﬁ{g eli’“ht
2

a thpehignid s dirarfia it shelayirinridsrh id taifie rastiig B s pigmmah

refE@UAR reflertiititfRecordiginiiovidnetepparent 10.@ ResearRkiieryins the turn
art that the use of light or illumination of a single wavelength or a narrow

dopspieBt WavBRYRIHASE pitaffcadteledl Jg8Ete YN SitasRIreasiiayedl the

seMessdacisequest modification of the single wavelength or narrow band of
wavelengths requires use of multiple spatial filters or wavelength tuners,
which is generally inconvenient. To alleviate 20 such problems, it is important

It 19 geeabyaadhandtdldonnration (igtlemnatiendfanticoaduetonidersangehted
wavelengths), for. example li#oadband illumination of a range of wavelfngths
fop, lips&H 30 Eﬂi@@@ﬁ BTN SR iSO RASE YS! 1ayers of

maehigviBgchighy guafityipagemay wealbas foiffaernnspaelingssnoicopaugiterently,
wafers with a wide range of surface reflectivities. In addition, defect detection

ik s gl el v e A

permudtiplEtidunoinatian-anglasier. carisadiisg fariexalmipe pisa @it hoth fuightfigided in

and darkfield illuminations. Existing wafer systems in the market typically do
05 AT IR RS O IR O Rl B & R BHBatioAdr o band of

wavaleigigtiy30ally adversely affects quality of captured images. Need for frequent
modification of the single wavelength or narrow band of wavelengths requires use of
multiple spatial filters or wavelength tuners, which is generally inconvenient. To alleviate
such problems, it is important to use a broadband illumination (i.e. illumination of a
broad or wide range of wavelengths), for example broadband illumination of a range of

wavelengths between 300nm and 1000nm.

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

illuminations of multiple angles and with a full broadband wavelength.
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4 Currently available wafer inspection systems or equipments typically use
one of the following methods for achieving multiple responses during wafer
inspection: (1) Multiple Image Capture‘bevices with Multiple llluminations
(MICD) 5 The MICD uses a plurality of image capture devices and a plurality

ClﬁfrélﬂiﬂmiBaﬁii@élﬁeT\kJQfeMiﬁ'd%é&iéﬂsﬁ?gs%ﬁﬁrpéﬁlﬁﬁﬁl@bﬁﬂcss%i@ﬁﬂﬁ”&&hsne of the

wavelength spectrum into narrow bands, and allocating each segmented

follpyingrutheperaehisvingeria I tsAneatehdu HEMYY ddergRtsy stems
employing the MICD method, each image capture device is paired with a
corresponding illumination (i.e. illumination source), together with 10

(13 Hfdtiplnmag o tietire Qadsetiwdh Mpltrle IWyminetitas M Becially
TIORMEAIP ey asRlikarFor igxan pipawavelasaii ef shauaRtieldillminatienThe

is limited between 400 to 600nm using a mercury arc lamp and a spatial filter

MERR thieRRsRrb Ml driReRIs RieREMMNNSativn Yenmires b SREEHB AR gonarrow

bafidOnnd!singdasersadinscMifehidneinos cexpesirraamoisadipnEgE sl d&iinations.
example inferior image quality. and a relative inflexibility 15 in system design

Dying eI Y FREM S RIPYNEg G MIfP Teht a R GuRet £aRiye device is

pastedacaeftectvitiep dngpaniadisamiconductnumyiaion Cosnbiard wihHBe with
use of illuminations with narrow wavelengths for_inspecting the

COLESREBARS RIS SBraLiEh Sk 2ibifityRoFHe Wit bRl Sorisdnkeam
sphedificationeblbewiayrRienytbrohasingls cliLimingaiendise diMitbdbetsxsienno to

typically requires reconfiguration of the enfjre optical 20 setup of the syste
60PnIyHRIOR A THE %de%?canﬁt%fét%%i% ‘aﬁgﬂJ@géEaﬂiféecéaHgﬁeld
illilminaions afnasdngenasaliengihsdyaGEngledmhagasapturdevicevithetiod

compromising the quality of captyred images or the speed of capturin g
GRS 3 S LA BRI ST R SR IE O s (Sepsipility
in 29sldie MG metbad disescn sTgenfedageisapiipdryicedaiceapjudingto varying
ultiple _illuminations, each of the multiple illuminations being either o

s AGH WA P tHEP G A WABAHGF S WA GRHL Bk o BiBatsatee ©f
illwaieleogihsiti auweverniiisloogtipotsikis jecahiaiharuitifdenductinatidars. Design
._respanses simultaneously while the semicopductor wafer is in motign. .
iR L R SASTER ARSI B ERSEB T A S BA EBEe dinlil
illtheisstivicasetlotoh Wafeyiscin mpitatly Teq@okieveonfigipietion of the entire optical
setup of the system. In addition, the MICD method typically does not easily enable

capture of illuminations of varying wavelengths by a single image capture device without

compromising the quality of captured images or the speed of capturing images.

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

The SICD method uses a single image capture device for capturing multiple
illuminations, each of the multiple illuminations being either of segmented wavelengths
(i.e. narrow band of wavelengths) or of broadband wavelengths. However, it is not
possible to obtain multiple illumination responses simultaneously while the
semiconductor wafer is in motion. In other words, the SICD method only allows one
illumination response when the semiconductor wafer is in motion. To achieve multiple

illumination responses, the SICD method requires capture of images while the
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illumination responses, the SICD method requires capture of images while
the 5 semiconductor wafer is stationary, which affects throughput of the
wafer inspection system. Semiconductor wafer inspection systems
employing simultaneous, independent, on-the- 5 fly image capture using

seliRadbaRe bahifiqld dturpiaioR AR dRFKASIAHIUBIRATICS e INvERASHRbection

multiple illuminations, and using multiple image capture devices are not
Syﬁ*ﬁ%‘s‘ently available due to a relative lack of understanding as to actual

implementation and operating advantages thereof. 10 As described above,

existing semiconductor wafer inspection systems typically employ either

Saprie I Bres et inprRetes SMHTBYFRIRYE &8 ABY aeeM o dithsgdent, on-the-
fiylhismainatignaranddy WeabswdferiRmcdlaferianiRaoe ahdiiomne dnflexiiityon or
. system setup or configuration. On the other hand, semiconductor wafer

injenstomaliisivingtions pakd g CBUli iRl dMadcs sapieHIBUigRhdre not

préfd@yeaincRpabla eftehianing onathediyund siandianegus mudtiplanplementation
illumination responses, An exemplary existing semiconductor wafer optical

angh ORERATBIS &guraragrutGtifoks both brightfield illumination and darkfield
illuminator is disclosed in US Patent No. 5,822,055 (KLA1). An embodiment

of the gptical inspection system disclosed in KLA1 utilizes 20 MICD, as
Aydstsiiey AB8Ve. THEBSRAMIALLAIOH Lo tth MmeHioel Hre AfPiradly employ

citieHtiple DasnSIEDIOR RPbUensepARS iH tiEddand tasklield dnages @hinations
Semiconﬁucto w?fers. .C{ap,tured brightfield and darkfield images are then
ang RICaY SUNSFatENPO Tt HE RS QUA NP eFRlES BH N e R SRR AR Y OF

conab@iatih adaitias, dieopiical siisReatactsy stefer dhidebdotagtitasshiighgfisid D

and darkfield. images simultapeously 25 using separate sources of brightfield
eGSO O aor SHSH O KRB, Sy
sigifidHaneons ipdor] eapidtliespapitse of brightfield and darkfield images)

by using illumination emitters emitting illuminations of segmented

wavelength spectrums and spatial filters. With the optical inspection system

AnfkéAdlarpnaistitheseaeriisoconiigurestitalcappeeicmnfisichithagesiwih both
erigiEsRading e of .30 parigw band tacer ILIion 30 SR31RL S 055
(KLAT1). An embodiment of the optical inspection system disclosed in KLA1 utilizes
MICD as described above. The optical inspection system disclosed in KLA1 uses
multiple cameras to capture separate brightfield and darkfield images of semiconductor
wafers. Captured brightfield and darkfield images are then processed separately or
together for detecting defects on the semiconductor wafers. In addition, the optical
inspection system of KLA1 captures brightfield and darkfield images simultaneously
using separate sources of brightfield and darkfield illumination. The optical inspection
system of KLA1 achieves simultaneous image capture (i.e. capture of brightfield and
darkfield images) by using illumination emitters emitting illuminations of segmented
wavelength spectrums and spatial filters. With the optical inspection system of KLAI,
one of the cameras is configured to capture darkfield images with corresponding use of a
narrow band laser illumination and spatial filter. Another camera is configured to capture

brightfield images with corresponding use of brightfield illumination and a beam splitter
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brightfield images with corresponding use of brightfield illumination and a
beam splitter 6 having a special coating. Disadvantages of the optical
inspection system disclosed by KLA1 fhelude unsuitability thereof for imaging
semiconductor wafers comprising a large variation of surface reflectivities.

halHg is e 'é%ﬁtf?ﬂ‘gi.”miﬂﬁlﬁ'ﬂ%éﬁ FAmepiRaVANBIRBBH SREGHUNSILEE by
|

cameras are each for ca%géurir%g umination of a 5 predetermined wavelength
K& pd cghderpapel Rbikiis ekaofity rdrasion seiiePadBctpiiEriIRampBgs dtree

vaiatiiple difereot aNelenaiBsSPEEE U Hifer RNhen g taRiHiedidges fented
certain wafer types. For example, wafers comprising a carbon-coated layer

WP firtesti e ekRibiCPOSFARRGiotrEhalbetiiiiEng cllipation of a
prilumingticn aaglesndar sprample Tithcrightfieltbllvminateradceandinly, @pture

combination of brightfield 10 illumination and high angle darkfield illumination

illmiggtinad P mutinte Sertant denedtosth MseHWATRE. crbansHte SPRTECBREes

ofSy&tam QfafdrAdpdtilizs axpluablywaifiiy reonaiionin emitaisoa SAWEas@dn their
filters. The optical inspection system of KLA1 performs multiple inspection

firgh SUERQE e pRO Y ARG SEMM STRBYLeTABIES RS ESitiRe DEBIRAINg ARt for

exaifpRansiigldimageasiConseskieihy, thectrhmhalpui ot shebpRtical IospBEHaTield
system is 15 adversely afgﬁi(?tsd.,AddiIional exemplary existing.optical .

I eEaEesPag R SRR RGOS BRERRRIAL T cdasiblarnimSying sretain defects

orckiselosatkin. UheRptant Mapes8ah A& MUKIEGHKIard MFuRaterifNimination

6,937,753 (AUG?']I'[EI;#CQZJ-IZ).T eoptic%inspection systems of A GT%CHI and . |
OB PRELSS disfhidraigPYe é@%gef&%e%mg NG R
in¥FRGiIng parnds a fhanoptit ingghicfandaebiprning: high cpalesda igidbrightfield

imaging. In addition, the optical inspection systems of AUGTECHI and )
ang Gk ol g, adsssioati dhe SRt Ehol S B S SR tgm i

adexplainetaastier. Accordingly, inspection of semiconductor wafers by the
optical inspection systems of AUGTECHI and 25 AUGTECH?2 is performed
either by brightfield imaging or by darkfield imaging or via a combination of
A@kﬁt%hﬁﬂgéﬁﬁﬁiﬁlﬂ%}ﬁgﬁﬂgiﬁ@@ﬂﬁz_ﬁkﬁeﬂﬁﬁmﬁgmgy\Athﬁf@ili’tiﬁaﬁ{g_ dfdihebhipitidiel dind
BRI ele s peremedunen e s R DY
PasémuNane®33, 13- (AUGTECH?2). The optical inspection systems of AUGTECH1 and
AUGTECH?2 utilize a plurality of lasers for performing low angle darkfield imaging, and
a fiber optic ring light for performing high angle darkfield imaging. In addition, the
optical inspection systems of AUGTECH1 and AUGTECH2 each utilizes a single
camera sensor and the SICD method as explained earlier. Accordingly, inspection of
semiconductor wafers by the optical inspection systems of AUGTECHI and
AUGTECH?2 is performed either by brightfield imaging or by darkfield imaging 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 AUGTECH?2 is not capable of simultaneous, on-
the-fly, and independent brightfield and darkfield imaging. Accordingly, multiple passes
of each semiconductor wafer are required for completing inspection thereof. This results

in lowered manufacturing throughput and an increased utilization of resources.
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the-fly, and independent brightfield and darkfield imaging. Accordingly,

multiple passes 30 of each semiconductor wafer are required for completing

inspection thereof. This results in lowéred manufacturing throughput and an

increased utilization of resources. 7 In addition, several existing optical

inspection systems utilize a golden image or a reference image for

comparison with newly acquired images of semiconductor wafers. Derivation
InopqdRdingre fENERNTHE PRSP INRSRRSSIRA PTG S SUHHAS it £9MCBS IRRRANS 2

refRréRa iRy Selpctethpanssh samiceRdyciaiialieimaans shapmrBhNete: wafers.
statistical formula or technique to thereby derive the reference image. A

Defiatioarthdes Wit e cdBuwe SatcalioinINmi e e iR celrsidegges of known
oriNGARNSISEE NGRS BSOS Yt dDANUAbrSQIRRHON AfthBelogihlying a statistical

semiconductor wafers. Optical inspection systems using such reference

formuesrcis urifks Ao hearby QENs Brsiitiaha ARy tefisadaiage with the

abbacadaietbh aednaepRisienhielaresies tRagesaVitAdnereasiopheeomemanual
circuit geometry of semiconductor wafers, the reliance on manual selection

selactitoft dumicsRduTIIRaRdHe RS HIRTInG RIHE DS 100 S BB dlviieg Such

refefrRasiiglye eaMpPER| e:opa Fikid a& i thr {bpinsieacinovaifaliiyistandardsurate
set by the semiconductar inspection industry. 15 Deriving a golden reference

O TR BN e SR AT StaMasER (i DS ARELAICHRRGRS. SRt ceaksiing of

sefialisiicrtdechuTiguen arelvene ganasbansehrviethair gy mertiotdudiontiyafers
available optical inspection systems or equipment typically use either )
fo 92%8% 6?%@3&%@@%@%%%@%&86&%% WA g Y oltiely With
theafeiensapiellitysenllaraean withstestiihdeviatipepatidariMinggplden
reference pixels can be useful with 20 known good pixels; otherwise any
defect or noise pixel would interfere and affect final average or mean value
Dé&fithe refeiriaa dbehcdnaiher stasisticahiaohnaguaddtiizamimedianifoslculations.
reducén%interferen.ce due to noise pixel. However, it]is oﬁgoss'ble, or at
i 8%

MR o U5 A 1 et n AL, Vg e merits
CunspeigtiomiBystesps @il enypprtientsyyémsatuanibealifegpiohnpisscyithppiyingge
o S S L R e o
meaviged. Suakal dethatbwitohelprivciedipiiata rotsenpxpisciwhieh Wowuktful with
kn%gvencfggz)% fli)?gellrs?fgtﬁ'leerll\%elsgiéggfV(iielye%'t or noise pixel would interfere and affect final
average or mean value of the reference pixel. Another statistical technique utilizes
median for reducing interference due to noise pixel. However, it is not possible, or at
least difficult, to substantially eliminate the effect of noise. Existing optical inspection
systems or equipment try to reduce the effect of noise by applying varying statistical
techniques. However, a user friendly or simple method for reducing or eliminating the

effect of noise (i.e. error) has yet to be devised. Such a method will help to eliminate

noise pixels, which would affect the final reference pixel value.

US 6,324,298 (AUGTECH3) discloses a training method for creating a golden reference
or reference image for use in semiconductor wafer inspection. The method disclosed in

AUGTECH3 requires “Known Good Quality” or “Defect Free” wafers. Selection of such
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US 6,324,298 (AUGTECH3) discloses a training method for creating a golden
reference 30 or reference image for use in semiconductor wafer inspection.
The method disclosed in AUGTECHS3 tequires "Known Good Quality" or
"Defect Free" wafers. Selection of such 8 "Known Good Quality" wafers is

“KRawathosi upeRerforamad. iStaisieal fomidasifiesikaiasas ffé heRmulas or
applied for deriving the reference image. As such, accurate and consistent

tecluliqrsn ¢ HoRBVIRREED I O LA NG ates s I RACRITTBR§Raihtaiticly 4%5gite and
cosRttMt feamiPBHURIRS WS PRFIPOuIRE MRHTed of AYEHI ESHBuseHMEeaNhigh

and standard 5 deviation to calculate individual {I)Iixels of the reference image.

qUAEBRLPAiRfERICpReueEdngpeaignd diacirehod el Wil e LGS muses mern darhsiargdard

deRfdgdarencaqixed ihos ieiaGlixelsixehsaeraeabs gt faRigraimaliepesence of
other defects. Such foreign matter or defects .could adversely affect the

angralelaelly CRISTaNH Kad teathisamate destadenyatib Srsrdrsfite pixdiettotive

pixéll b apparenidad eessan skitteddn sheaddhatsthsunetoad @f Mitter or defects
AUGTECHS3 is gpen to inaccuracies, inconsistencies and errors in inspection

coptna sl ot vataistfA atRIRIOR b iosl I8Pt egiih (soibiey of
reforédd& P Usas Beflagpaginstiobe Jarun fekilledinathrgaihelsenicondusiar of
wafers. It will be appreciated by a person skilled 15 in the art that

Al iSitenticPBR 0 SR HHEIGRY fIASHBS YL Eh A8 My Bt tjaeggion of the

sehlitoamumfagi@essincluding, but not limited to, temperature differentials,
electronic inconsistencies and differential flash or strobe intensities. Such
differentials and inconsistencies are inherent even with "good"

Inseddicienduptanavaigisctiieseneamadistioke differeutials wasld@iecttht @ralipbe

of derived golden reference images if the system 20 does.not take such .
T RS T ORERER, T A Gl dcpeoon skilled
in Whdosraitiiatanie sradieasitRetsuifase dfffeememigandoctarovaiemdyecteur due to

factors including, but.not limited to, differing planarity of the wafer, mounting .
e o IS e TG B e G G e o SRRSO e, fecifbnic
insemisgendigstamdataffiféitiaut flakingintaraecourindigsbayecmetitforedials and
._differentials and factors, any reference images derjved in 25 t

o ottt

A e AL L b S MA@ Ao e ueh
differapadisonowvitha tfapturedqmatige s fad eliffe te po ldesitioftscand imsgufaicalaf Hystem
do%%rtrll(i)(%qta deugltlgfl \Hﬂ%grrgﬁtials into consideration. In addition, illumination intensity and
uniformity varies across the surface of the semiconductor wafer due to factors including,
but not limited to, differing planarity of the wafer, mounting and light reflectivities at
different positions on the surface of the semiconductor wafer. Without taking into
account the above-mentioned differentials and factors, any reference images derived in
the above-described manner may be unreliable and inaccurate when used for comparison

with captured images at different positions on the surface of the semiconductor wafers.

Variations in product specifications, for example semiconductor wafer size, complexity,
surface reflectivity, are common in the semiconductor industry. Accordingly,
semiconductor wafer inspection systems and methods need to be capable of inspecting

semiconductor wafers of different specifications. However, existing semiconductor wafer
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Variations in product specifications, for example semiconductor wafer size,
complexity, surface reflectivity, are common in the semiconductor industry.
Accordingly, 30 semiconductor wafer iﬁspection systems and methods need
to be capable of inspecting semiconductor wafers of different specifications.

in§PRWRMERIMING RE MicayYCERs WalREAIJNERapHBR Systemsianermethefscting
are generally incapable of satisfactorily inspecting semiconductor wafers of a

seigendidr oF dfeterehespidsriranasnel diliereniynsdisatiensneressitiy g the
inStanciar ds sal hyathR sRcandretRhndHatyo? ahaxample, a typical

existing semiconductor wafer inspection system uses a conventional optical
assembly comprising components, for example cameras, illuminators, filters,

Fd0legiaapse, mirraipRA0 BasiMeicBniRyadixest spafal PRSHiESn IRYadHCtioRs a
or removal of components of the optical assembly generally requires
COREARAIMARHSH ISR o OTERINRE 0SB MSEE LAY AGSEaMG ly CETRERRS:

ilkhsRpicoTHHsiorpyRigsdASPaGioR Yslemss havddnfiexiblaidesigpsial positions.
configurations, and require a relatively long lead-time for modification

Infrpducior AudRBRY Histhrt RANaEh °8biBttoRieHs B Borgrantol ofsies

re@$8eLeMYnaNdRE MiCRITIMCtOr Wier iasentpider nspeelien iadysieaiioosuch
short to allow ease of introduction of fiber optics illumination with differing

SCHHERBS B if St R AR I e it VE5 5 ERIERR RSBl ieEtingnd

re§EIRIGORUUBLONR MG{g N daaRaatqoSyisEMaane Metieds aHaweyeadiseeraussvaden
current Iac%f technical expertise and operatiopal know-how, e%lsting

OB A &R FYREL BB SRR AR SRS LAt bR sented for
infpighidield tapidigrkdielshinagiagder andrspaeiancbile tibeadptits Mumination

motion, while tille%?v'n 20 desjgn configurationally flexible. There is
with lﬁg’ﬁlé]&? S iﬁ#&ﬁ?&%gd%@aaé‘ﬁ’@a systems and methods for
enabling resource-efficient, flexible, accurate and fast inspection of

semiconductor wafers. This is especially given the increasing complexity of
e N A R A R S RS
Hetanvdards efiikie semigendustr dfdestiyicdb expertise and operational know-how,

existing semiconductor wafer inspection systems cannot employ simultaneous brightfield
and darkfield imaging for an inspection while the wafer is in motion, while still having
design and configurationally flexible. There is also a need for semiconductor wafer
inspection systems and methods for enabling resource-efficient, flexible, accurate and
fast inspection of semiconductor wafers. This is especially given the increasing
complexity of electrical circuitry of semiconductor wafers and the increasing quality

standards of the semiconductor industry.

Summary

There is currently a lack of semiconductor wafer inspection systems and methods capable
of employing both brightfield and darkfield imaging for inspecting a semiconductor
wafer while the semiconductor wafer is in motion, in addition to facilitating system
configurational and design flexibility. In addition, there is need for a semiconductor

wafer inspection system wherein components thereof, for example illuminators, camera,
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Summary There is currently a lack of semiconductor wafer inspection

systems and methods capable of employing both brightfield and darkfield

imaging for inspecting a semiconductdt’ wafer while the semiconductor wafer

is in motion, in addition to facilitating system 30 configurational and design
otfjeiRiliténin REdign Hrrerls RRRAOlBISeRIGANARMRN syriariNeResR rations.

system wherein components thereof, for example illuminators, camera, 10

Gy iR anaRes gl et drs e h eI Y seiiseadiectqratiafers, and the

inbéateRNtoLIal 9Rsd4=1YeB: thE IRCERARIN SRR @) elestiisd) alfgWitnsRiency
semiconductor wafers, and the increasing quality standards set by the

of s SAUBPRANCISF intitiStry ISBEEHRRY Sndsrrsittahcy di <l mideHYMiesr whigelden

refBRRREIQ} infBRiRASIRalYS tizal BNV ahoRlgeRed iafesed ¢S @hiconductor
reference images for comparison with (:;Etured images of semiconductor

Wi rUET N L RS rB EAL SPISSI N ofERRsba s LBirRusHat Rt or HetierSuch a

makeh &160aokFaneleatipmcandasulisy RCHGHREANDINAARSIFRREETdRerence
. the derived reference images, and therefore consequent inspection of

e UGS W RS AL HIFRAS ! teRE ST A AR Tk WA Ve driftedy- there
is melrsen piR6essasialgendng deiaroneeintages tedviNghichruRscaueRt to

ca?grl#%d images of semiconductor. wafers can be compared. The present
VRGN

COUERE FARIE JUAt8 A0t SHEMSPIIMBDVEALES cFitfe PSS aFRL The

presesent ivRMtiRRKr RV idescannBRsCHNTHEtem ArAdgetind fesuaspecting
semiconductor components, including, but not limited to semiconductor
wafers, dies, 15 LED chips and solar wafers. The inspection system is
Tigdesigned: fanperfimipe 2aRimeansianpedds) aysterDinansieaald3R)r Wakpecting
inspection. The inspection system is furthey. designed for. performing defect .
SRS RN IFHHE SEDSREP et s PASIRIeLBP 30 EHEAPFHGHTH endics

LEDMyhiiseiad leakir 2ehfwre. imagampptitiendemiess. EhécRigns@fesinspestiomg 2-

utilizes at least twq different contrast illumjinations for capturing images of .
D TS EBh D) S ISt S PG o o e RO RGBTl i
funindleddaepaedicopelfctarivgadefds irviwation, and can be completed with one

pass of the semiconductor wafer. The 3D wafer inspection is facilitated by a

3D optical module, which comprises at least one image capture device

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 semiconductor wafer is in motion, and can be
completed with one pass of the semiconductor wafer. 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 or thin line illumination emitter. Thin line
illumination supplied by the thin line illuminator, which is either laser or broadband
illumination source or both, is directed at the semiconductor wafer while the
semiconductor wafer is in motion for capturing 3D images of the semiconductor wafer.
Defect review performed by the inspection system is facilitated by a defect review optical

module.
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25 and at least one thin line illuminator or thin line illumination emitter. Thin
line illumination supplied by the thin line illuminator, which is either laser or
broadband illumination source or botH,lis directed at the semiconductor
wafer while the semiconductor wafer is in motion for capturing 3D images of

Intheceammirenauatar irafelsphefecine \iewnefarsnadmuibe IRSRREINR EYSIRBhod
is facilitated by a defect review optical 30 module. 11 In accordance with a

COIRBYIgH|Se ERRILTRS PR E L TRD8RtRYN? thafaTi flsel 3 BEsh FABMRSH LbemipAtmTy and

capRHENOsaciR! image af duvrbigsundsy: a lisbearisaghiiuminationoandach of the
capturing a second image of the wafer under a second contrast illumination,

firsh frgripasionrapeh dhsinst ot dHURAEeR MY G A RErrs g, iR Vs R AR dirst

coniavelengifinthRAirstd eRnicrshill wannatonanddfeaefRchedMgetection of at
illumination for enablin%%etection of at least one defect site in the first and

leggt Mpcifregalie théhg dist rndssaang trasecdd byvafBrsdortintindisaiasshdy 2

pro@iwaamidedantidee wiihe dirgidroagaranst the qagiuif.ebtied SBeonpinaas. the
The method further comprises correlating the first and second images and

SCEQRpAHISG:thE OB difUERTTHB PSS AGE At hE Bt AaftesGAnghgmages and
cosgsantkimagerfer slRreduchgamidentifinationabe drigch Incarcordpmesse for

with a second aspect of the present invention, there is disclosed a method
PregusHHsAtg SraAtiRea ftd dHSEe of a wafer, the first image having one or
more defect sites and providing a second image of the wafer, the second

image having.one or mare 15 defect sites and the wafer being spatiall
Incﬁgma%aét%&vﬁaﬁ%@fmmﬁ@fo BIRSP LYY CBHEBN g el egthod

co?ﬁﬁhﬁhgmi&gﬁ% @oﬁﬁe{aﬁg@éfﬁ an%i@rﬁdiﬁ(?I?m rﬁﬁﬁg@ﬁfahhﬁlg/@fe bvviﬁ(bﬁbae;]fect
_first and second image and comparing t efect sites of the first.image wit
SISO RHEBIR SR RO ATor BN AR dBRER RGPS of more
dediefesite2 Ao @eoprdareanyithaithiyiaspacidldhecpase priweniost, diefessand
disclased a method. ¢ rising capturing a figst.image of a wafer under a
SR RS LI AT TGS o QB EHHR o PaH o RS Tl P the
wskeanichcortifast divwinisedianithgditsid conipasingubunikiien siteh tbethedqdndimage
Cﬁ%rarl&tfillumjnat(i?% for enahlin de#ection of at Ieagt onF defectfsit%i the
WIHPS SGISEEYES | g‘bee%e??ﬂ G QT AU &b i4RRH g ten o a defect.

In accordance with a third aspect of the present invention, there is disclosed a method
comprising capturing a first image of a wafer under a first contrast illumination and
capturing a second image of the wafer under a second contrast illumination, the first
contrast illumination and the second contrast illumination for enabling detection of at
least one defect site in the first and second images. The wafer is spatially displaced by a
predetermined distance between the capture of the first image and the capture of the
second image. The method further comprises correlating the first and second images and
comparing the defect sites in the first image with the defect sites in the second image for

producing an identification of a defect.

In accordance with a fourth aspect of the present invention, there is disclosed a system

comprising a first image capture module for capturing a first image of a wafer and a
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25 predetermined distance between the capture of the first image and the
capture of the second image. The method further comprises correlating the
first and second images and comparit]]a the defect sites in the first image
with the defect sites in the second image for producing an identification of a

scBHAGIN 36 PaPRERIARAGR: Wik ARl ASBESH PIHHE PFeIROWRNGNTIRNY HI8 Being

is disclosed a system comprising a first image capture module for capturing
SPATHILY whsnireed Bxaperdsidrained distieg hrdgerdinsrp s Al foehpRaghgnd
th@ &aferRdimaseRbiteiwater. the ywafen baimershatiphydispiased S domparison

predetermined distance between the capture of the first image and the

h
medile Feu e S o HER R cePRd UpagshaRiireMedipribsdalertéits spaparison

m&@MPIsisesrrBMhiaropledia thediistiand saganethinqaaantpeciaeler the
the defect site comparison 5 module for correlating the first and second

WSRO TR iR el SHEstaae R S1AHESIIERES SO BRARY M detected

indetectem dnibgdicsidmadedvithhanetharidaieatsite ddetectre e fothe second
image and producing an identification of a defect therefrom. Brief Description

of the Drawings 10 Exemplary embodiments of the present invention are

B flespiibedgiseioptter mitwigtRrence to the following drawings, in which:
FIG.1 shows a partial plan view of an exemplar sym for inspecting wafers
X B G A HEREOB IS RIRTBRRYSRY AR f18 'HSE%%EH‘?%I Eslerence

to$heVeslawlaptiadiaanaetiic wigen 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; 20 FIG. 4 shows an

FIexpleictack paptiaiis praatiie wiewf e salpnhic walehiablenipdigi sy stamrofdciading
1 acco%w to Vi{e}?\g\i,lfl}l ! higrtgg%hted in FIG. 2; FIG. 5 shows an exploded

10 30,75 il 6Pl IBERESR AT NSNS of the system 25 of FIG. 1
according to view "C" highlighted in FIG. 2; FIG. 6 shows an exploded partial

FIE O e e e S e, or e SyBiem o

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;

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 handler of the system

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

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

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

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

FIG.1;
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FIG. 1 according to view "D" highlighted in FIG. 2; 30 FIG. 7 shows a partial
isometric view of the optical inspection gead of the system of FIG.1; 13 FIG.
8 shows a partial front view of the optil: | inspection head of the system of
FIG. 1; FIG. 9 shows optical ray paths of illumination between a brightfield
illuminator, a low 5 angle darkfield illuminator, a high angle darkfield
illuminator, a first image capture device and a second image capture device
FIGH  shayetarnastiph &0t virey, ofghs aptisalcRaResidhherd pbiasyTiramaf ith!:
followed by the brightfield illumination supplied by the brightfield illuminator

of FIG. 9; 10 FIG. 11 is a flowchart of an exemplary second ray path followed
FIG, thehasrkmeiicalgry ighs mﬁHlmaﬂaﬁl%&ﬁﬁwaemﬁ@%h&%ﬁi@%%ﬁé@ low

aniflleminataeiaf filmPatoG a1Riih aafowchantmiianiexemmplary Ahfigkf aynpaéhcapture
followed by the darkfield low angle 15 illumination supplied by the low angle
deyiaRABILARGRARAIBIAGE EAEME: é?@?i@féﬁsﬁpésmeéfﬁ@ path of illumination

between a thin line illuminator and a 3D image capture device or camera of

the system of FIG. 1; 2Q FIG. 14 shows optical ray path of illumination .
FIg kel & NS Brightidtd THGHMARSr (45 rdheRYa ket fitiinAbSr Brighsficld

il1teNigN omagsptiapbyedetion @iclaa1Ruatanoe bFIGG1Y; 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 25 device of
FIEGL.114; £ owkhds: aflaweRaiihgnsexemmptarplifthfapathipltaweadficld high

darkfjeld.illumination, hetween the revie kfield illuminator and the review
afﬁ%ﬁ%&!ﬁ”&’é‘&?ﬂf’& agw&@% iél%‘?qﬂ%h é@gﬁév%%?{?lddﬂﬁa}maoﬂaéﬁaﬁg%m of an

exemplary method for inspecting wafers provided by the present invention;

4 FIG. 18 is a process flowchart of an exemplary reference ima reation
I oL R AT RSP AT Okl oy L5 i O TR0 angle

illaaphacesh dupslicpesfahnaneangle darkfield illuminator of FIG. 9;

FIG. 13 shows optical ray path of illumination between a thin line illuminator and a 3D

image capture device or camera of the system of FIG. 1;

FIG. 14 shows optical ray path of illumination between a review brightfield illuminator, a

review darkfield illuminator and a review image capture device of the system of FIG. 1;

FIG. 15 is a flowchart of an exemplary fourth ray path followed by brightfield
illumination between the review brightfield illuminator and the review image capture

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;

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

provided by the present invention;
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of the method of FIG. 17; 5 FIG. 19 is a process flow diagram of an
exemplary two-dimensioned wafer sc?‘rr%ning process with timing offset
performed in a method step of the method of FIG. 17; FIG. 20 shows a table
of illumination configurations selectable by an illumination 10 configurator of
the system of FIG. 1; FIG. 21 shows a timing chart for capturing of a first
image by the first imagepcg;tg re device and capturing of a second image by

tu
Flifie Koo ianmrsge CpPtGharieias serwmiasy /eI SHOtRdRasteRLiBieY Rrarsss for
créAA IRGRIRGEFHQLE Red YorlSoRIfartdamiPsathe baptireadr GaARtEdiANce
the first image capture device of FIG. 1; FIG. 22b shows the second image
Ofégﬁmﬁ%oﬂfgfﬁége};%hd image capture device of FIG. 1; 20 FIG. 22¢ shows
a combined first image of FIG. 22a and second image of FIG. 22b for
demonstrating imagﬁ) offset due to the capture of the first image and the

FIGh cbhdsimayachdiPthel iaiamio syt e a7e dipteraetetb wadri gisanning

proé &R FX@MRialy Hioed FBEOsIEHH M AUEhRPaes TN thelddireaassrperformed in
a method step of the method of FIG. 17; FIG. 24 is a process flow diagram of
a first exemplary three dimensional wafer scanning process performed in a

FIGethodsien of themethaowhiihGed Go3difitatidhsshelaganeekemplanimination
ggtical ray %g; of illumination between a thin line illuminator a 3D image
CO, :
[

IStURLoy sresmafd Eftle system of FIG. 1: 15 FIG. 26 is a process

flow diagram of a second exemplary three dimensional wafer scanning
rocess performed in a method step, of the methad of F|G. 17; and 5 FIG. 27
FIg. Eréi&‘é% ﬂoW’d‘?ﬁgi%?ﬁto%Péﬁaé%@mﬁaﬁR/e %a%awwgeebe é&réﬁ%&&%ﬁeacapmre
deviethodl sipRuehihse mesbad ohlale bl thDeiaded ibagertapancihs inspegianddf in
semicﬁoi,nductor c mé){onents, for example iconductor wafers and 10 dies,
g8

e ETERNRTST BAL R CR e RS S or fabrication of

semiconductor

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

FIG. 22b shows the second image captured by the second image capture device of FIG. 1;
FIG. 22¢ shows a combined first image of FIG. 22a and second image of FIG. 22b for
demonstrating image offset due to the capture of the first image and the second image

when the wafer is moving;

FIG. 23 is a process flow diagram of an exemplary two dimensional image processing

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

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

illuminator a 3D image capture device or camera of the system of FIG. 1;
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components. Increasing complexity of circuitry of semiconductor wafers,
coupled with increasing quality standards for semiconductor wafers, has led
to an increasing need for improved sémiconductor wafer inspection systems
and methods. 15 There is currently a lack of semiconductor wafer inspection
systems and methods capable of employing both brightfield and darkfield
imaging simultaneously for performing on- the-fly inspection of semiconductor
Flgjatd s il previdilg cOkmgRmaRInAl SeoRiGReMBIARII ¢ sdemRsioRkater
scimhRgd ot & SpErEANENGIQr MaiRIdRRPAstnR SWSHRIN WWIFRCRIN7 caraponents
thereof, for example illuminators, cameras or image capture devices, 20
objective lens, filters and mirrors, have flexible and adjustable spatial
FIOSITNigusadianowiviaine MG @ReHSI S9RRIRXItY Ricele péigahat@ wirREthod
semiconductor wafers, and the increasing quality standards set by the
st pfithsasthed Mfdiiint accuracy and consistency of semiconductor wafer
inspection is increasingly critical. Derivation of golden references or
reference images for comparison with captured images of semiconductor 25
Detarer ResrEmHPRquire manual selection of "good” semiconductor wafers.
THRUGR et 4al eeleainnaon tesibiitiMaciiagiespoddntonmsaoeifaeys and
.the derived reference .images, and consequently in the inspection of .

dig i cBhHUERSF ethe S USEE SHEn Gy N BRIME S HE S APHISBOVet taRiRgRductor
compiieds OImRresasgesofapdRItying talarencefinagiesiousblichseRseaupRdywith
. captured images of semiconductor wafers cap be compared. 30 16 The
IngheEASHHL m@éﬁﬁéﬁﬁ?&dgfgr&éwﬂa%%gt@ﬁ%fmﬁ:%ﬁqbcagnfamﬁ?a&aiﬁ@ed for
infRovVE®BEtion dumpendvtsigicadonassivtahicaskonanf the

above-identified issues. For purposes of brevity and clarity, the description of

the present invention is limited 5 hereinafter to systems and methods for
TheapRGling:AeMICAOKR ueisnvededactomibavierete sndetsiaad by tbdqBrsaable

o S R B RS SO IR RS o
thembadipesnisnobdthe piesaidrrentifissuchirs ppeidiignainfinetidoatioor design
T S Tt A T
conipengemitenehfCtdocaxpaprntSluminators, cameras or image capture devices,
objective lens, filters and mirrors, have flexible and adjustable spatial interconfigurations.
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
manual selection can result in inaccuracies and inconsistencies in the derived reference
images, and consequently in the inspection of semiconductor wafers. Accordingly, there
is a need for improved training methods or processes for deriving reference images to

which subsequently captured images of semiconductor wafers can be compared.
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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 FIG 2 is provided according to a first embodiment of the present
invention. The system 15 10 can also be used for inspecting other

TIREMYERBRIUGIRrARYICE BN kR fAs I8QAued. Rieferpblydihasyst&ipediing
comprises an optical inspection head 14 (as shown in FIG. 3), a wafer
sefpAFRISBIC RSP RRAB DI FafSErRTs g 6 1(ca ¥ RBR AT e REOYS IqRIbiotE Isfer
handler 18 (as shown in FIG. 5), a wafer stack module 20 (as shown in FIG.
6) or film frame cassette holder, an X-Y displacement table 22, and at least

Fosriigasst QaRre st Aihtiot iSol 46 rdosorpiosnoWHSnPETES Y IANENERS, 1) limited
hefdi8-0Rticals\isp@ction hearbid fs sipaniily kknidoalet Gy &GeMPhsEhewever

numbper of illuminators and image capture devices. Preferably, the optical

bergplectionh &N aa1 BersmskEld abrightABIdhRbiisatse 8k RisFHtsghe present
intakbigldrdwmminaiongsieRdoadighesd anglenstarkiigid Abisninaianantt wilbhe the

understood by a person skilled in the art that additional darkfield illuminators

VRS H BTGB P Int8 Th 8 SHERE MM 6 A Re GHiffR 5t SRAFHEPRRHthpmetional or

pedfiigrsioo ehayaatBessenskilefire the artthaiphe v pnela dadkiirldods provided
illuminator 28 and the high angle darkfield iIIuminaﬁ%r 30 may be integrated
byathg BregRat dAFRRERPIIR i RaB et H RS BB QYi6Ty 58U RIIIG IS Components

incaglite b dtlinihedghufietd iduortraties 205 Blshikpandsatawisighifield
illumination source or a brightfield illumination emitter, supplies or emits
brightfield illumination or light. The brightfield illuminator 26 is for example, a

Aflasbrpmapyasyscvhite lightrepuitting siadeontiefer ablthechrighdieldin FIG. 1 and
illuminator 26 supplies broadband brightfield illumination 5 comprisin

Pl e OO B Ao B S ETERALTRG BESORRh IR GO fystem

1 ovilhioeySebassadRiStaepkbya: Petsanakileshifudhe: attthaksthe bughiietdts as

illumipatio e of alternative wavelengths and optical pyoperties. The .
S A R S G e RN
FI) Breughfehiemspertatighthied it iburwatatiehucavils befoievbeing Bmitg c frobotic
Wi rgto urginator 26 Preferably e, L RUFRLIRSY 8R 2% k1G. 6 o
film frame cassette holder, an X-Y displacement table 22, and at least one set of quad

vibration isolators 24 (as shown in FIG. 1 and FIG. 2).

The optical inspection head 14 as shown in FIG. 7 and FIG. 8 comprises a number of
illuminators and image capture devices. Preferably, the optical inspection head 14
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

darkfield illuminator, which may be flexibly positioned as required.
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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. 15 The 1 angle darkfield illuminator 28 and
the high angle darkfield illuminator 30 are also known as darkfield

THUUBHBALR S QMiGaR 26026 iglch IHBINRALIRANL BHEB IR RN SHRRIRSH 0§ RIRESor a
darkfield illumination. Darkfield illuminators are parefu#{y_aligr]ed _illumination
i

brighfifrtdsBiimdrafiptc AReitishl S iR 24t R brighiisidid wrination oolight. The

bricARSENHER (ahAt0rSEatie Rl HahtRataringstheifposies ReRtiNgon aga GRS de.
devices. Gene,rall%ﬁ ima%e capture devices for capturing darkfield images

Preferablys Siiyby Hdidhwringfrroh surpbisePreadhand pjektisidpiigpination

codiieisinParkdialch i asssgnngniaiyyhpue eah angaddmade SODHRASARS 1000nm. It
compared to brightfield images. Brightfield. illumination and darkfield

will atsiParesinpleyot srpaskiflsthindio st Detthe Hhitge Yaminaton

milupRiBatMeAhandwhedNab e gtk datidielstdpsmiaator 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
THyghaneirldarkiieishalbininBarsaiahasesprias aptieal ppepert@seAIAbe shown)
brightfield illumination. More 30 specifically, the darkfield illumination supplied
thW%%cWIHF%éI}SmP&ﬁBf@ﬂﬂrﬂ%f&”?ﬁﬂﬂﬂnﬁ%‘f% BAGTHEIGR dRikcdarkhBlathe
bri@tl?fﬁia%t@nﬁﬁiisawlel?@?g&eﬁ:%mgdg&{ef;diﬂ@ (ﬁiﬂf&@ieﬁbﬁh{ﬁ_dﬂaﬂﬂm(a@fbguige ffor
referred to as a darkfi roadhband illumination) comprisi wavelength o
g%ﬁ‘é‘&&ﬁﬁ&ﬂ%@&fé&ﬁ?éﬁgﬂ%l iy BBV ™ GO PRRISTO é‘&‘ifgfﬁ%f)lf’“cal
fisbe hidghtfielddileoringtion hedbifigheizelkdield, initvatiemareloraaab@edbrighttficld
illuminations. Alternatively, the low angle darkfield illuminator 28 and the high

iIURHRAET kcfield illuminator 30 supply or emit darkfield illumination of
different wavelengths or other optical properties. The low angle darkfield

grie il B S e e R
also known as darkfield illumination sources or darkfield illumination emitters, and
supplies or emits darkfield illumination. Darkfield illuminators are carefully aligned
illumination or light sources which enable minimization of the quantity of directly
transmitted (or un-scattered) light 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.

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 share similar optical properties as the brightfield illumination. More
specifically, the darkfield illumination supplied by each of the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 is preferably a broadband



10

15

20

25

30

10 placed on the wafer table 16 (or to a horizontal plane of the wafer table
16). For example, the low angle darkfig d illuminator 28 is preferably
positioned at an angle of between three and thirty degrees to the horizontal
plane of the semiconductor wafer 12 placed on the wafer table 16. In

danidiioni e migthangle dasktialeh lyminalareRP isonmiaiaPivinpastianed Apating

angle of between thirty and eighty-five degrees to a horizontal plane of 15 the

a wavrlestiuQbribatentiedly el eh and shedingR09eMTiRe QB8R sTRtisdis to say

thanales aagRieiarablaligsable andeaquiedhy mdivsimanthanasitiar obgaeiband
_of the low a?)[%(];ge darkfield illuminator 28 and the high angle darkfield

illprpnntiot Ioiterarivehinthfole Y rigigle datidiel MRN8 SiaadHas Rjgh angle
dasgéeddaddiaiskdhBoingipr 3G afipaaierailyinemprEes arsaeRrsheRevVBiEdgths or

optical fiber (not shown) through which the darkfield illumination travels
othlGRLIEAlIREPRFHiEEd therefrom. Both the second and third optical fibers act

as a waveguide for guiding direction of travel of the darkfield illumination

through each of the low angle darkfield illuminator 28 and the high angle

Theslsietnsifuiarkitcd 38U imLiofich s Resiasthrb Ao Fsoetscitsamapared to the

higiraaiingdatitine]dS1danihialst iBomeatomn esnites 4o thkel evwnangleudaskiiglter 12
illuminator 28 and the third optical fiber facilitates directing of the darkfield
Plﬂfﬁmmﬂaﬁﬂgnwmféalﬁ&wmé%?gﬁpgﬁavéaldﬁweﬁeq& eNHSEsole il fon tiamPle.

thsupplieddny eakhafthebrightiels il miertabBopotieded anale sarfieltbetween
iIIumina%% and the high angle darkfield il‘tl)l#rginatqr 30 can be controlled,

thegtPRd yeﬂ%rﬁ%miﬁlfo%%w%tabﬁéadlsp SY™HEOIEUSAB WHTE kN on
thepestedrapf betlihedbrighifield iHiuminasien andidatrkiirihilminagianSreferably

preferaply enhance accuracy of inspection and.defect detectiop of the wafers
PORioR S AHAR AT B R FOD ERL B BB ARSI O BT FaRGES of

thefsaafesdriact tyires vathlvesyiong shifacecrefietdiviteFThn addidiontdbangles are
broadpand wavyelengths of both 5 the brightfield illumination and the darkfield

PSR TS PSR GHBPIE WGP T3 e GBHBr el o angl

dandirpeitdeninatsedeaiidalehhigicterstidarkiithe \Wafeihatdr Bbis means that the
detection of defects on the wafer 12 will preferably not be undesirably

influenced due to different sensitivities or reflectiveness or polarization of the
Eavhief the ew 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. Both the second and third
optical fibers act as a waveguide for guiding direction of travel of the darkfield
illumination through each of the low angle darkfield illuminator 28 and the high angle
darkfield illuminator 30. In addition, the second optical fiber facilitates directing of the
darkfield illumination emitted from the low angle darkfield illuminator 28 and the third
optical fiber facilitates directing of the darkfield illumination emitted from the high angle
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.
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different illumination wavelengths. 10 Preferably, intensities of the brightfield
illumination and the darkfield illumination supplied by the brightfield
illuminator 26 and the darkfield illuminators 28, 30 respectively can be
selected and varied as required depending on wafer 12 characteristics, for

TIRRNRIRIBA SH ANE U TRER SRt afdae Walaladidn! Pnaditiabl N ®uminations

intensities of 15 each of the brightfield illumination and darkfield illuminations

PrE&RABY s STRERAS affef Ve O s HRRfGHED fRRErIFATRINEPHRE Of ithggagfers 12.

BieRRBARHi Rl thiaafepibZeab fatBnhaneiti@uality OF aGeHREY OHMSRPREIRIRect
of the wafer 12. As shown in FIG. 7 to FIG. 9, the sglstem 10 further

[YRBpIRAS Y S HAtR CHRHRdUSD Heothitier ke Brardbaatharrlingts of both

thSeNIIBIAIR FARMIEHIRYICth SHUAHE: A atanthLRMEEabiaate Ghipectitt of the
imag(?eca%ture device 32 and the second image capture device 34 is capable

wWYeteelihg BRGATRAY indrnrrarsn SLpplrsdisy thersigttetofi hainaiss s This

médid hatdaektielecliomitalignsseapirdvaeach wiithedawaangledaxkfigldsirably
illuminator 28 and high angle darkfield jlluminator 30. Brightfield and

infjurRAetot i fioRatss 1S HEVEY By lesHarsssenaar iratigr JHbrupeter 12 to

diﬁewﬁeiﬁaﬂﬁrﬁtﬁfﬁmb{&m@ﬁgd onto a first image capture plane (not shown)
for capture of corresponding images. Brightfield and darkfield illuminations
received by or entering the second image capture device 34 is preferably

Prigetiseyl Ontansa@aandfMeg e eightaed Aol showma) i GRRIMTE ®fillumination
corresponding images. 30 20 The first image capture device 32 and the

sugglig dwﬁs c@gﬁ%}ﬁe&vﬁm@%&bt Bl P RBEHF i BRIy 28 30

redpRGes]y O fikstiroage sapiuicedeyicadiranitpoadecondvaiage captidieristics,
device 34 are alt

rnatively known.as image captu odyles orimage . .
fOE SXABIC PHATSIIOR AN SIS IS BB LIS DA Sruof® EHIR: i tishsities of
caSRnSaheaighiMadesehibdienvated 4R fnbancesnatileasiarng: etreadany varied
and speed of defect detection. For example, the ability to capture color )
o L AT S I AT P e 0L P S L P Spdacing
qualittherwederaty ok pettespaitnghréalse rejection thereof.

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
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 angle darkfield illuminator 30. Brightfield and darkfield illuminations
received by or entering the first image capture device 32 is preferably focused onto a first
image capture plane (not shown) for capture of corresponding images. Brightfield and
darkfield illuminations received by or entering the second image capture device 34 is
preferably focused on a second image capture plane (not shown) for capture of

corresponding images.
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The optical inspection head 14 further comprises a first tube lens 36 for use
with the first 10 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

THE G‘ﬁﬁ%ﬁéﬁé%%ﬂ&’é%@c@oﬁ WtHQQG%ﬁ@WG%G RdibentionSture cither
abe

Accordingly, the tube lenses 36 and 38 have been | ed the first tube lens

MROShEP RIS QLSO RS s 1315 SBRA{IREpEAPBEe St efar A B O eetd dmage

calfife R MachaniEMROMRIIGES RAVHADAS Phpkieaiva dansasidd ofomm@mplRors.
four objective lenses 40. The objective lenses 40 are collectively mounted on

PreferabtintherABliiY 42 (AR Ko SEIZC ), TSt AP rerlRasfeTer selticmagss of

theaghref the aumheisohoRigativadens 4Quakgvamn iPpspedioadiesit@iciin. For
shown) or wafer 12 positioned for inspection. The_ objective lenses 40 and

CXHBNS DRI PR Rl UolBegeRf ibfe e tol AP M Bb st Lslice
falieeRapim 6 RIBIREIVE 1RO S assamiid EagbspbiaemBUMTRRE ehiRElbEIRASSS

40 is used to achieve different magnification and is parfocal. Each of the
number of objective lens 40 is preferably of a different predetermined

ThHeaphdigatiomtaciohdal exdmple Peenpmes tenstimes, éveBEyfimeas, il B9 first
. fifty times. P eferabI%/, each of the number of objective Ier%ses 40 has a

Imag SeRirataHssich iNAAREPT: R psival Bspectinbdiad dd By herapiprises a
seobilledie thaasdtifat wachiaf the susahenndabiegiive lenses sanmeichanpedirst
or redesigned to achieve different magpnification and performance. :?10 Each .
tulg 5%55% C SRR M NI SrP38 SRR e A S LR Rifgh gharacteristics
an’(ldjiuﬂﬂeatfnrs.3fﬁcpdseda{grl?lytﬁergw¢'8f&&?§@ﬁesimgmgs&rgeasm@tiﬁagﬂsﬁﬁrﬁm tube
irecting or focusing the 2 rkfield i ination therefrom towards the .

e agtr 19 B GO Ab 05 RS BBl B BHBATTRE DBt SR Sye fens
meédtgie daddieldilisminatese2® posjdbevasizantad, plana ahhe vafebje @ndlienses
the angle between the high angle darkfield illuminator 30 and the horizontal
A R RS e, ALt Ho B TR S T R 2 (o Shown
ineFliarEiny kcturacytohokfidor getectiomePiaierabijcenahief tbe dbyeangldens 40
bdarkfield illuminator 28 an&lthegi%b ?n le gfrkf' Id iIIuminapéol}{?BO has a fixeﬁih
abON 54t PBWEEROWRATER RS e n%gpgv 8h o YOI APAVER He The
otpasitieniafseacty afithethiewotatable mount 42 can be collectively referred to as an

objective lens mechanism or objective lens assembly.

Each of the number objective lenses 40 is used to achieve different magnification and is
parfocal. 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
fifty times. Preferably, each of the number of objective lenses 40 has a corrected
aberration in infinity. It will however be understood by a person skilled in the art that
each of the number of objective lenses can be changed or redesigned to achieve different

magnification and performance.

Each of the low angle darkfield illuminator 28 and the high angle darkfield illuminator 30

preferably comprises focusing means or mechanisms for directing or focusing the
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angle darkfield illuminator 28 and the high angle darkfield illuminator 30 is
variable with reference to the inspection position during normal operation of
the system 10. 10 As described abov@,lboth the brightfield illumination and
the darkfield illuminations are focused at the inspection position. The

daPrightfisicitminaiianaeine arddgldndlumirationsiasusestiahth@e inspection
inspection position illuminates the wafer 12, or the portion thereof, positioned

PostifR ind i BERSRR TReASvragks Arritsle iHhunigaiendd endprgsizental
pliyRfer stacka28 anflfranecasseitcdiptde hifhasafalstaehdi2QpiaiRiBbbo and

comprises slots to hold multiple wafers 12. Each of the multiple wafers 12

the Bzt tgiRraiethor Rt et it tHathardriciningg aud eddtirble for
enfili@eify Ofcvatan coucie Ry therabriic Waikriandeich8o@shshRvn AndTCdBkfield

.20 Preferably, a suction or vacuum is apﬁ)%lied. to the wafer table 16 for

illuprpaing tetnd e Bighansdndprrfield duminpiariphatet g Eoriial dwsition

withegetesmihes thvmbpeafsmabifiele Aok ARERURESTBrpug R onhigh xardeamdsiow
applied to enables a reliable and flat position of a flex frame tape an
anﬁgﬁ‘nﬁ‘@

. . d e _
TSt HOTBHENR)GritocHe iR Aaife T lietb Hapinatan fovarialy with
refieierallyiasigreddn e Waiak sisaadlpdanon detiesremd 25

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

A€naligbdhaniisp|acemestafdhaiwalriaieibd imanhé-arkf Y i diadtiains are

Displacement of the wafer table 16 correspondingly displaces the wafer 12
fomssédaéotmeﬂaﬂ?ﬁ%PéﬁrePgmy%er}gpm@%% of B AHER e 18 a#dkﬁeld

ilbenesidisplaceseent ahcthe yeafRnlzopliaced heiess itheoniretlad for the portion
congollin%the os'htioning of the wafer 12 22 at the inspection position. The

thereoBRRUERGE AT AHSPS SEUKBRSLIRRIy known as an air- gap linear

pos_i_tioner. The XY-Qi_s,pIac_ement table 22 or air-gap linear p_ositioner
Ao Whrteciion depgeen e e eler bl 46 MR o e
hotyistemhd O/ idethaasiaey (rébdld I cangesises soasithramdi giecuifiées 12. Each of
‘[htE3 ?I?lll itolp -Q gx/%etrgely%;grsze%ﬁgnrt%lg? {ggged or transferred onto the wafer table 16 (as
shown in FIG. 4) or wafer chuck by the robotic wafer handler 18 (as shown in FIG. 5).
Preferably, a suction or vacuum is applied to the wafer table 16 for securing the 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 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.
Displacement of the wafer table 16 correspondingly displaces the wafer 12 placed
thereon. Preferably, the displacement of the wafer table 16, and hence displacement of

the wafer 12 placed thereon, is controlled for controlling the positioning of the wafer 12



10

15

20

25

30

thereof, at the inspection position. Assembly of the XY-displacement table 22
and wafer table 16 is mounted on the dampeners or vibration isolators 24 (as
shown in FIG. 2) to absorb shocks orvibrations, and to ensure flatness of
the assembly and other modules or accessories mounted thereon. It will be

at IPIRGiatedibyRiRsrsamsKiiledith the atkihab O alte MRtiNa MEE RABISME ¥ air-

devices may be coupled to or used with the wafer table 16 controlling the
23gtis BNsRE nonttiARFE o Bih P FSr FDIRSEMENNi JRYF e Csidh fHE BositiBRmig RAsiiRner

fa¥yBigked Aigh PR insPE AN ReFtaNof R IRaRacen afdhe WafRL ARHOr- directions
ossible defects thereon is performed while 15 the wafer 12 is in

detecting
withomRimahis e Gh Ay bIRE L BRSNS Srh Hig8% thsriesaph Sl SYRIRMEIE thihgeater
tasled1dankiielchimages ftthaakeedratergiRiabhimCcesrtmaswhgmaderokZaisortion

being displaced across the inspection position. Alternatively, the wafer 12
thﬁﬁ%ﬁ}?baé HdngeshinmRpsitite (MSSEESIP hBitON -SHP36SRTHEACS Teduararer

tabPeCRP I R bl fed eSO oM ipages oF Ot of dSRIRES ML APEHBRVEMENEGOD) to
the wafer 12 during inspection can be 20 software controlled. Ast[ﬁreviousl

abiEhsBRes oney ytiansatnd heisindirines pkihrasinnblé e ds ﬁalméufés or

actesndduheulens dir&yeferablilliie Wedanedbisppsitanediaivieentas that
objective lenses 40 and the first image capture device 32. lllu

] ination
alisEalie MBS 5 ARHE SN D3 t@n?érﬂ%a%%lﬁ}@ﬁn%f@r table 16
coblliie; deyigiepdasmuihalcpsefeiab forthe iseoandhisb erens dBfis oesitiangtg of
between the objective lenses 40 and the second image capture device 34.

thyWaiatfof PsLsRIHISE AN Second tube lens 38 and deflected by a

mirror or prism 47 before entering the second image capture device 34. 30
Each of the number of objective lenses 40 has a corrected aberration in :
TR A0l e RS R i A shenad, LS ophiTe
thewlight iI£223 iaativnatedriibis i teagathdltapination thayedingbetaapi theghtfield

. Objective lens.40 and each _of the first tube lens 36 and second tube lens 38 .
RS HCASER L EBARB 5 TIPS SERRSERCHS Bo]BEVA B2 Tobcine
digrnaceachcedshalfirstrispoetionsmRiaod. thetaaatndjyubadenaids enhansede held

ease and fexibilit%cof gositio.ning of each of the first imaae 5 ce%Ptulge evice .
re high-resolution

SN A ESREIRASS CHBAB LR 3G B IVl O FHRY

images. Control of displacement or movement of the wafer 12 during inspection can be

software controlled.

As previously mentioned, the system 10 further comprises the first tube lens 36 and the
second tube lens 38. Preferably, the tube lens 36 is positioned between the objective
lenses 40 and the first image capture device 32. [llumination passes through the first tube
lens 36 before entering the first image capture device 32. Further preferably, the second
tube lens 38 is positioned between the objective lenses 40 and the second image capture
device 34. Illumination passes through the second tube lens 38 and deflected by a mirror

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
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implementation of the tube lenses 36, 38 also eliminates the need to refocus
illuminations entering each of the first_image capture device 32 and the
second image capture device 34 whefrdifferent objective lenses are used. In
addition, the collimation of illumination increases ease of introduction and

coP@sitieainchaf ﬁ%iH%ﬁh%ﬁ%@ﬁ@ﬁrﬂﬁ%lﬁ{gso@fwi&@%@%ﬁféﬁ%ﬂ&&hﬂ) and each
fsl%/stem 10, particularly between the objective lens 40 and each of the_first
Olt

be fEiss spadenthe Garhecanmd 18tk dgnEdtnisr prbimatet, The collimssion of

ilehilsnien @natle s Hjesiivdntpduotioniand pRFitiRningsetaddiigals and the
optical components or accessories into the system 10, particulaéréy between

seqrad BB oS dHSuugss eascred Hskihiuprab@tsitionianb i LdBh b RMage

calfife38iewiidbogba needier rreonliguriagdtheapruresiielibe systesspteiiRly. The
addition, this arrangement helps to achieve longer working distance between

implzoaniatien b st eHeNRA eP 1S absmpliraaalstiig Beeiarriosstigninations

enRSRHBRRINSS RNE RSt Weskineh pistaacer bebverNitbeebirriiede bsphit caeltbe 34
wafer js necessary to use darkfield illuminations effectively. 20 It will,

WhBrEHEIE B8 SPRISRILIBET Y 415eHSEr SRIRITHIRe Uft 4oAHe)sdni igration

intheaspsesedd ipvantiotrtiRwsahad firsiplenand tT sitidERSIgN &kal components or
reconfiguration of companents of é;]e r%/stem 10. The system 10 of the
M

AU HEIRAS G A H e S UHSH B BYRRBIF REFTENToVAR SPpKcsch of the

firgORIPONeniSIy aecarsodiesintaudad@it 3 theushstepreféiblp Tine duBitaben of
...lens 36 facilitates focusing of collimated illumination. onto the first image
iTpapRe IR0 ity 8@88?%&?&5@@%%@% ﬂﬂéﬁé@lﬁd&%}ﬁ@} gpmponents

orGRIbEsaiEes ieninatigscantioivsreoadimagecapitidR@ane kithaoghdtele of
lenses are described for use with the system 10.in the present descrjption, it

N o A B ) i SHCBC s R Rt i e G GEARR the

reSleyitas aryRiaahanismsddayone tisediangnablingehsllimaiianof ilbipenakiorking

.more specifically.the brighfield illyminatio d darkfield 24 illuminations, . .
UL B Po B LB BE S et QPR At AL BB isting

eqipneenditbegecontkimagnaapiiecplane thepggtvely. Ehe fioshimage wafer is
SRR SRUISE TN NG S0 IR efpture device 34 are preferably

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
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
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
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5 positioned along adjacent parallel axes. Preferably, the spatial positions of
the first image capture device 32 and the second image capture device 34
are determined for reducing space oc?cszied by the first image capture
device 32 and the second image capture device 34 such that the system 10

i11066HAIRSA SHaaHRr stﬁ’@é@[@@t teRruisnsPaecesafficientitild Brafrrably.ithfse capture

system 10 further comprises a number of beam splitters and mirrors or
plaanaadvEsitarddmpge GwAMIRREFSSRAEYiors or reflective surfaces are

preferably positioned for directing the brightfield illumination and the darkfield

illuminations from each of the low angle darkfield illuminator 28 and high

The et dRAaretaniithh FRYISF 38, 208 BierSEany Imres yeRiHic1feKiftha? aBmipsRissedly
poRiGEAEERh RAERERIh LPH AT h Wi tPrfeSA0IA0B MPAIRIYH Ok HBIRRFI( HER image

known as a post processor) (not shown). The CPU is preferably electricall

capBHnflsicstapianditios |Sa8CH AP HEBlsHhon Rt st aBInS s fapfadicing
sptRe &xanpNe tethsst s ageconipia denee: 32 and thessesanthinde saptdevice

device 34. Images captured by the first image capture device 32 and the

S niahap &t Ralit e dagice S HRE 58}@?&56@-%&&8?@%%81%%@
signals and transmitted to the CPU. The CPU is programmable for

singénformation re specifically the images, transmitted thereto to

proc ,.m
Praferiy-dRfetY dem dd EBE%F%WRH&%&&P@%%BF&HMR HersetReBiTgrs or
reflefaiots qifideswaler Behis paifemadauinraalicallsictie systarss1fe giofaably

mare specifically by the CPU. Further preferably, the inspection of wafers 1
PRt o JﬂﬁtBﬁéiﬁ%ﬂ?BHHﬁ%m%ﬂ@ éﬁ%ﬁ%ﬁé%ﬁ@wﬁ rom
cafIspeaiionwiansdiersdizelan thendeieeti3ual defacisds @eititriadinahieasto.

one manual input. The CPU is programmable for storing information
transmitted thereto in a database. In 30 addition, the CPU is programmable

Prigecleissifhiag gatacted defeets coimpaididion, ¢betaP broscpeieraibily (CPU) with a
rogrammed for storing prqocessed information, more specifically the )
SR o S S A e AL & BRI PO Sh AR A L b e g CPU s
preégabtingleativaley obintagdsaptdcassingrofaapédres theagas: aoehsiaieolost the
of defects on the wafers 12 are provided below. 5 It will be appreciated by a
5y ST ST IHIE e ST GRBEM B o il R e e capture
dehitghsiielthilyssivapiancdrbijteie:ffam ansgpplipgifeyddader@htirldlitwatoatbimage

ca;z)‘?ure device 34 are preferably converted into image signals and transmitted to the CPU.

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

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
addition, the CPU is programmable for classifying detected defects. In addition, the CPU

is preferably programmed for storing processed information, more specifically the
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and the darkfield illuminations emitted from each of the low angle darkfield
illuminator 28 and the high angle darkfield illuminator 30 (hereinafter referred
to as darkfield low angle or DLA illumination and darkfield high angle or DHA
illumination respectively) 10 each follows a different ray path or optical path.

prociauehair Rt an eyeraniankbicst dam RRMNAABIQ! I awed byathe Rrispd@leh capture
illumination is shown in FIG. 10. 15 In a step 102 of the first ray path 100,

of jpste B IRFTSRICBP G iEnadpbir slF i BrfhtrétathiofniRatpises A% are
prEveyiguibmentioned, 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

It Wambealsprébiatdacrprightfielel dlumination prefesmblyhRarsesfnoausddded above,
condenser 44. 20 The condenser 44 concentrates the brightfield illumination.

thif, hshaighib i BripatirEMirhEaBHoGsHRc b iPa Hireh raRkL Higninator 26

andUia GG ed al firstimisas. Briabdfigishillewomatien eieaipdctyafRediestiluminator
reflecting surface 46 is directed towards a first beam splitter 48. 25 The first
280@%4&%:%9

Assleratd st HuiEMiol SPEFR BRI ANiRg Rk ficld low
angldkinDIheeRRithitiensien 106rRiefarablyathe JirivaamuspiiieoApsctively)
reflection/trapnsmission (R/T) ratig of 30:70. It will however be understood by

cagh tollowsmdteirniHaPEtR &Y $1¥198)PAtkio of the first beam splitter 48 can

be adjusted as required for controlling the 30 intensity or amount of

ightfield illumination reflected or transmitted thereby. 26 The brightfield . .
A ﬁiam%aﬁo?f P@r|%’&a’a>lﬁ%§55ﬁr§m£r@& ﬁ?%@@&ﬁ%@éb&%ﬂ#ﬂﬁ%ﬂaﬂon 1S
shinspestaa pogition. More specifically, the brightfield illumination reflected by
the first beam splitter 48 is directed towards the objective lens 40 positioned
directly above the inspection position. In a step 108, the brightfield

Inidwrinaty 26tk facised pytihed, objgetiiadensmadbiheringpeitiapposdtion the
or the wafer 12 positjo egat the .inspection .position. Byi rgfi Id illymination .
oo L R B helchh R AEO 6P ST TSE el Jrgateld Humiiadon i
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.

The condenser 44 concentrates the brightfield illumination.

In a step 104, the brightfield illumination is reflected by a first reflecting surface 46 or a
first mirror. Brightfield illumination reflected by the first reflecting surface 46 is directed

towards a first beam splitter 48.

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

intensity or amount of brightfield illumination reflected or transmitted thereby.
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inspection position, illuminates the wafer 12, more specifically the portion of
the wafer 10 12, positioned at the inspection position. In a step 110, the
brightfield illumination is reflected by ttie wafer 12 positioned at the
inspection position. Brightfield illumination reflected by the wafer 12 passes

THBSeR BRI ORIgRTEI daNS A 1Bd BIAP fike HASPERYIRMSIS MeNHRQHidRErds the

_ objective lens 40 has a corrected aberration in 15 infinity. Therefore,
ingpesHAR RPN MRS passifierthrothgromehtisktillemipalion relleqfizAdtsdhs first
bt ohlieetives lngidlidhe deareenefiprenificatitnuof shadvigatiglectly above the

_ illumination by the magnifying lens is dependent on the ma%nification factor

ingaFe bR 1IdRs U 6tR0 BligHftfeiBrishiiiidth pasing thrdtidRdired by the
obpRiactvenens A0 indiippteditavpardsdhe fifst Werm1sppigtidfedmatitepsbbdtion

the brightfield illumination strikes the first beam splitter 48 and a portion of
POHEPYOf is transmitted through the first beam splitter 48. Extent of the

brightfield illumination transmitted through the first beam splitter 48 in the

step 114 depends on the R/T ratio of the first beam splitter 48. Brightfield

Brighinlig trapiiamsHPRECth R g tRE S TE M BHReHAT 48 3R I ERRet Y the
inShSEEON P haen, SPlifieih 2Qs The werenc berne Sphtieiclyofhihpsyisie Y thkisvafer
referably a cubic beam splitter 50 having a predetermined IéjT ratio. . . .
123.1%9@.1&519% RPr IRSREGLBORSS R BT ifo My B VHARWIEY ribimiagtion is
reflb@cbjathenataliitpsSloscarafeicadpecasispdhiggubic bean splitter 30 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
Bifa@€iehic 2imbesiohsplittetedbwihprovise1beitespeatfasmante ahdalignaento in
for tH]Iis purpose..Extent of jllumjn tiorgeflected or t@ nsmitted by the second .
2 HERm'SpiittePSH R BRLNSh the ORFFTNGIBF e MataqTEar apfifaron in
inBRitiN Tiséesrokd 6 bitighbrigbtfivlanihimnapasssisik@sotiat sBeostsdetian BpLtted is
0. The brightfield illumination striking the beam splitter is 5. either transmift
cH R oL VB IETeRy. SRR Ch PR b oG ol
illtheisetend pahen splitEydpg travels tovpardenthenfitat image: fiafiore fleddcef the

b32. .Thi brigé@tfield illumination passes through the first tube lens 36 in a step
Ob49EH21EPE Ehitering the first image capture device 32 in a step 120.

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
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
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
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10 The first tube lens 36 helps to focus the collimated brightfield illumination
onto the first image capture plane of the first image capture device 32.
Brightfield illumination focused onto t & first image capture plane enables
capture of a brightfield image by the first image capture device 32. 15 The

beargffield innage CaRMRAVR AP B dHSITAAGE HRAUL PIARerds ﬂ{ﬁf?tﬁp&ée. Extent
converted into image signals. The image signals are subseqﬁt):%?ty

oftlnrttian of LRsiidoadeasyittd bRl weendhramiselsiroPhaderemitaiomthe

RN@GE b ithalse dPveads siaiatsunsies st pansfenie dhsieia d Magesoar @rikes
then at least one of processed by and stored in the CPU. 20 Brightfield

the) sRsndiSRaBmeRligarhyth & s Loshthislhi Uymiratisn b dimRsamhaplitter is

ciSREGRHJIMRALE fRPEUHR deYicersdecthtetheighifield illumination passes through
the second tube lens 38 in a step 122 before entering the second image

capture device 34 in a step 124. The second tube lens 38 helps to focus the

BesHimatedbrighifieidHumnad@menio’ih ihe arpbehihage e i PE & wards
B;tightfjeld illumination focused onto the second image, capture plane enables

the AHtirinoes BrfHER T VIR ge by R SRREITIG H AR iRn rRastsHchropghils first
tubsighifisfliimagecamued e Hiersecoadiiiagh capiyterpl@neds mrefeiaily 120.

converted 30 into jmage sifgnals. The image sig ubsequently
f

TheaHEnites GPaohv AR RS theh gl 8%@%@% IWPIRIES SgoaRcgirst

inthe: RepaiNPRablefehp figllanisgrlsapiineviease2 . igHrassfelulransierodused
brightfield images are then at least one of processed hy and stored in th

0 gtB?A%fﬁv&E}?&ﬁ G RHTE RIS A OO RRP A e gﬁ@%ﬁslﬁel&%ma fhe firs

ingakégiehfglevangh2.5 (DHA) illumination is shown in FIG. 11. In a step 202
of the second ray path 200, DHA illumination is supplied by the high angle
darkfield illuminator 30. As previously mentioned, the second optical fiber

Thy elesakiy ] helpstodivect theyDhbAfitkinminaiéon ptippliganir ampikEchigly anglerted
. darkfield illuminator 10 30. Preferably, the DHA illumination is djrect
m‘% AREq %}tgﬂ%ls"il%eegﬂg%eps&% 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

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
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.

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
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without a need to pass through optical components or accessories, for
example the objective lens 40. In a st{%g) 204, DHA illumination directed at
the inspection position is reflected by thie 15 wafer 12, or the portion thereof,
positioned at the inspection position. Reflected DHA illumination from the

daeiRmiRDassestthraudh inereRiseive: eng 4R A 3tap 206. Jhﬁco@me@al\@y and

lens 40 which has a corrected aberration in infinity, collimates the DHA
stoueshim ok f1iddssing therethrough in the step 206. 20 DHA illumination

passing through the objective lens 40 is directed towards the first beam

é@)ltter 48. In a step 208, the DHA illumination strikes the first beam splitter

Wihest pbAROTAIRPEGY iSShapd % EathAO R e Rdsbh dbsrflahicld nghrpagle

(oaxtet e transmissigiwaf itherBHA illumination through the first beam splitter
48 is dependent on the R/T ratio of the first beam splitter 48. 25 DHA

illumination transmitted through the first beam splitter 48 is directed towards

InthetspezondhaaesplidtendpatnmctemAL Qiihendibh lwmipatansilikasdhengle
second beam splitter 50. Transmjssion ar reflection of the DHA illuminatign

gk THESBER oA PERUP BOTE MRS SFPENS 1RPFFALG BRec erably
hetpcendikeamspittar $Qn3A2dnRipHbiTioatian thags atRIMHGUgh theminator

second beam splitter 50 passes thrqough the first tube lens 36.in a step 212

3%&6?@@%&& iRt IAYBALKBie HERAEY §2"1h58dst%pﬂ§1hns?ﬁ‘é“f?&tﬂ%eon

wigida3a helrs to fpsysthicucallispated Bindpdheminationeniniie, fifst éxagple the
capture plane of the first image capture device 32. DHA illumination focused
obieBVs {RRSfit image capture plane enables capture of a darkfield image,
more specifically a darkfield high angle (DHA) image by the first image

capture Iternatively, DHA illumination is reflected by the sec
ISP P DLk AHBHERO DAl S oSS oS iy the
waler passestibrpogloththseoongotitienenst lﬁeSﬁspeatﬁiemaéaﬁchefRﬁlea@rlng{A

the second image capture device 34 in 18. The sec nd tube le 8
RO JLo S StfirharadISEeA § htﬂﬂahﬁ& i)h%t]th% SBEo dgm @ Stepnzsog- The

objective lens 40, which has a corrected aberration in infinity, collimates the DHA

illumination passing therethrough in the step 206.

DHA illumination passing through the objective lens 40 is directed towards the first beam
splitter 48. In a step 208, the DHA illumination strikes the first beam splitter 48 and a
portion thereof is transmitted through the first beam splitter 48. The extent of
transmission of the DHA illumination through the first beam splitter 48 is dependent on

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

splitter 50 is dependent on the R/T ratio of the second beam splitter 50.
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image capture plane of the second image capture device 34. DHA

illumination focused onto the second &:?age capture place enables capture of
a darkfield image, more specifically a‘darkfield high angle (DHA) image by
the second image capture device 34. 15 A flowchart of an exemplary third

DY Paih#RAdalleuReh R thedrrkiielt Iovk HIOIR AR A b DINFHNRISIRRRIVA the
in FIG. 12 In a step 252 of the third ray path 200, DLA illumination_is supplied

fing( R Is1P S99 22tenrkfidefone shtRiiBe S FF mpacoRtAsifRY sR Sreiamypten
2 1kelprgidireat dhenP B4 nitiparinationssHp RO DIW angigfdadsisldo the first

_ illuminator 28. Preferably, the DLA illumination is directly focused at the

IMpgH EMREHe YR, Wi iMnnesFBtPEsdarrsuth RiptcHivupmpineuspd onto
th@GREEIRIAES, JRstera IR thrBkiccivRrlens 4QaklA@ BRPLIMole sPecifically a

illumination directed at the inspection position is reflected. by the wafer 12, or
daikdicld biigh anelesP POt AT it this R JBass P HILIR I VisEfdeted 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

Altematiyed R B AvminaieRioh 1HESIRG Befdinicingd Peam Sy defiseted

DRAAlIIuTHRGRRAS $HaG oAl dedhesphiestsE [RRse4this dileateddawmartdbhEnens
first beam_ splijtter 48. In a step 258, the DLA illuminatjon strikes the first
380%%5?&%5 ORISR GG SReEraR? iUMPSRSARTEE HEEgRTHE ArsteBedify The

seGplittanys | esxiamp Liotrramissieol thile DDA Alumindtiefdhrenghttidesecond
. first beam splitter 4§ IS dement on 5the I%/T ratig of the firlﬁt beam splitter d
IMage SpAiR, iBh HASERRLMARSUGRTNE HFY Fedtn Bhltel Y8R aCtag s

ori@weielsstaensenanet begmtpliilesb@nibRStegHane, SteaDiAlifieninatin, more
strikes the se eam split . Transmission or reflection of the DLA

SR Yl R st AT
ratio of the second beam splitter 50. DLA illumination transmitted through the
second beam splitter 50 passes throu first tube lens 36.in g step 262

A Sl TR LAt P Dol G o i i amh TG angle

(DLA) illumination is shown in FIG. 12

In a step 252 of the third ray path 200, DLA illumination is supplied by the low angle
darkfield illuminator 28. The third optical fiber preferably helps to direct the DLA
illumination supplied by the low angle darkfield illuminator 28. Preferably, the DLA
illumination is directly focused at the inspection position without a need to pass through

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

In a step 254, DLA illumination directed at the inspection position is reflected by the
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.
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The first tube lens 36 helps to focus the collimated DLA illumination onto the
first image 15 capture plane of the first image capture device 32. DLA

illumination focused onto the first imaé) capture plane enables capture of a
darkfield image, more specifically a darkfield high angle (DLA) image by the

DIt IMags RIS Hese dh dberRiNed R doillanpatiandw sefletied iy beam

the second beam splitter 50. Reflected 20 DLA illumination from the second
sPHEshpiitet HoP padsdbalibuy i iBisatondtilss besiss hasteligets and a
poREiRreRiene theafaennd InagadaniyerdeyieRadd IhReP4R08T b extent of

second tube lens 38 helps to focus the collimated DLA illumination onto the

transayiR ot gacc Dbt & i denrhrough he sy S cap R btifE 8 sdespdent on

thilRMinatieBfacused vehte dpereeagnd image capture place enables capture of
a darkfield image, more 25 specifically a darkfield high angle (DLA) image by

the second image capture device 34. It will be appreciated by a person

DEMllgrhinithe tfiasmiedesetipiaRdrrRvided mhovercthag thedbebfed towards the
illumination and DLA illumination preferably follows a similar ray path after

sepidgRRR SRIFEY Me Wateita 20fhyiRe L & LwRdiPay SRS 6 Sp¢ARd beam
spiirhA 89 iiimiRatioprendr iR dhisel 6ayHeatl. AS0ehlinetioh Adikininatice @ad Beam

individually altered as required u,sing echniques known in the art. In
SPHgtRShist @aﬂéffag%ﬁ IR RIS 119 AR RSB DLA
illumination strike at wafer 12 positioned at the inspection position may be
adjusted as.required for enhancjng accuracy of defect detection. For
Dk %%@%1{5{&%%5&%%& B AR O LHE FOTBERS A i
tubtrikasat oviafersiep pesitensd atthminsretivnmpositaptiiayibardiosied Siep 264.
depending on type of wafer 12 positioned a inspection, position or type. of
T OGPy B RO SYtSNITTE e Ge 3 FEHBEN O SR A gipee
caphgdhgané Afinoes capigeedaptancdaficbes iradimagaiaapitice doviced Thto the
and the second imf%gﬂe capaﬁ%re device 34 is pref 1(ﬁﬁfix.(:onverted into im

€
frlgHBRES GIRRIER RIS BEERER St S il e Y hePegpirally a

daftictepniginissitn DiLNpge gignathddifsPlohigalsp kinodsvias 8ata 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,

AleentitBidinaDe Aapluiid idelic a3z flactdb e pahond donagbeaaptypléiter 50. Reflected

DLA illumination from the second beam splitter 50, passes through the second tube lens
38 in a step 266 before entering the second image capture device 34 in a step 268. The
second tube lens 38 helps to focus the collimated DLA illumination onto the second
image capture plane of the second image capture device 34. DLA illumination focused
onto the second image capture place enables capture of a darkfield image, more

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

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 wafer 12. However, the second ray path 200 of the DHA
illumination and the third ray path 250 of the DLA illumination can be individually

altered as required using techniques known in the art. In addition, the angles at which the
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15 device 34 have predetermined spatial positions relative each other. The
use of the objective lens 40 together \é\l/ith the first tube lens 36 and the
second tube lens 38 facilitates the sp fial positioning of the first image
capture device 32 and the second image capture device 34. It will further be

DEPPIERiaRdtdhaRarsas Iilledimtamaibihat-rther optica! goMRanNeHsPnat the
accessories, for example mirrors, may be used for directing 20 the brightfield

INHRSRAIARHBAS EIATIRIMRSaAGH S BE ASAIAAaRIn CRPRPFNSabRfuRRY tedefect

desRatial. ppsitieringpd!, thadirstdeacs capitietHeVisE 82ia0hthaisacond MadsLA
capture device 34. Preferably, the spatial positions of the first image capture

illygunadian sthbge Walgndimaydungshive Hevike e ighe RRUOR AL fefefigsted
dejHaminsRe sfirn drosiien. Ibhodixedssnatial P asijeasoaf posifiost inage: of wafer
capture device 32 and the second image capture 25 device 34 preferably

defof dhriasuseifdho sestinmnkd aeshiFadg dsfacthe 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

ThAPHELEREST USSP BrertP8R7 IS ARFAR o LL8s RGBSRt ice

3Xepdbaeksassrs ipigalipassauaiad With the fuseBf twakiedhags eaRBY Signal,
devices or cameras. 30 32 The optical inspection head 14 of the system 10
W%&%ﬁ}lﬁﬁwﬁmﬁ%&%@nﬁa RARAE (RetBfnStter rdrdprddrgryssin of

inthR kel i aRorisa)sd keohinding il uraiader T iscattel MHIXEn XNQVMAED LA
. athin line illumination emitter. The thin line illuminator gz emits or supplies
IS iR PO O A hRIESRThIRATSF SPIS braf8Fably- sk Source
for supplying thin line laser illumination. More preferably, the thin line
AiIIuminator 52 is.a[%rﬁ?ﬂb?.nd illuminator su%plyin %br ag({j?and thin line
SIRFATHAEOA MSHE R it it SRR Y5 Fe SYé“tﬁ% FRELEYT SFGRRiEpEE BRI
depasition, mocepapratiealydatpadavafesiidngositiohed athe thapertionse of the
position, at a predetermined angle, which can be varied as required. A mirror
OH R SIFGH A IS IR bl Coledh 8 157 o SRoriats Apane e Tens 35
fapiladete tiungdtposiicnisaliaiy e ftohéhrthimline ibupuinatosblefon ditgctirgstrend
._thin line illumination at the inspectign position. The optical inspection head 1
g GBAP Oprchel QOTTH CEARTHR Lot Peroon SKifed 5 art tha
other optical components or accessories, for example mirrors, may be used for directing
the brightfield illumination, DHA illumination and DLA illumination, and for facilitating
the spatial positioning of the first image capture device 32 and the second image capture
device 34. Preferably, the spatial positions of the first image capture device 32 and the
second image capture device 34 are fixed with reference to the inspection position. The
fixed spatial positions of the first image capture device 32 and the second image capture
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.
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capture device (hereinafter referred to as a three-dimensional (3D) profile
camera 56). 15 Preferably, the 3D prqfile camera 56 receives the thin line
illumination reflected by the wafer 12. Preferably, the thin line illumination
entering the 3D profile camera 56 is focused onto a 3D image capture plane

T}{@Qip‘il%ﬁwms&éh@ﬁeﬁé’aaamu& AR inaess nf therwaler hatlhecshRprisal third
setup comprising the thin line illuminator 52 and the 3D profile camera 56 is

illypunwton(Reesineates sefgieed sa d1arBpelite A Hadaor RithEPedhpHagdlyninator
520Rj8REMBIRRSTRH I ID DiRfieicamaianat dheisinafterreferiedie amaidkor 52

profile objective lens 58). The thin line illumination reflected by the wafer 12
eIyLS 8B SYARLER) FPfHél%lé%‘ﬁ‘l’éaHB}ééﬁ% s ing ijurpe e ity TS yrarlpser
sotasperarbQuppRiamalyinthendDiafileaRiastiie e Ngop8 hRsf&amycotRCtgEn line

_aberration in infinity. Accardingly, the thin line illumination passing through .
iRt rdiles Gb‘fé‘&%ﬂ}é"%glﬂ@ig%ﬂil%ﬁ?éﬂ%ﬁ&@ﬁ%%‘gﬂimaﬁlﬂ?sﬁmmmn-

Theagid difiertnenspmpisas pivheadsans fsctacdise Wih taep3tiprofjesakiactivere
lens 58 and the 3D _profile camera 56. The tube lens 60 enables focusing of.

P
spficalimatddanyiiite nReTHARSA Gheh e DS SHALGRSH R r* hscHgigrmined
angf€ QiR tdhedensied witedhiecdDA3thprofilR @bjsgtirentansr58 poettisyBEbupled

profile camera 56 facilitates flexible positioning and reconfiguration of the 3D

topPoRESAPREc5 8. R defaridRethROSEP BRI O IR RS BORWiiF 35upigagpy 52 for

difyafile oRjasiivenlensubinandiihe BDipspbile Gameiadkt enables ease of
introducing additional optical components or accessories between the 3D
profile objective lens 58 and the tube lens 60. 5 The thin line illuminator 52

TtandghieaBihpedtiecamearal dcopreferapivapenajee kesneratnghider tacilitatingage

3D prafile scanning and inspection of the wafer 12.  Pref ly, the thin line
RS AHET S AL S5 BBt Crhcd SE A EBTITA 1 NP el R 50
Profipslp chorinpieiie syRatiofizetbr aptiatan ohthalthiinited keNieaiony the

52 and the 3D profile camera 56. Further preferably, an gutomated 3D profile .
W OB o O D1 AT 03 e 5ty 5 Ly L, 50 i
fodinsdectiamasex idlager ofifpuiscalaninghanchovepeatititiebineapiater3I? iwages of the
wgfe?f?ﬁéql%ecﬁgt(r)%ltlﬁgl bs)e/tH]})ecgrlrzl)Il)Jrising the thin line illuminator 52 and the 3D profile

camera 56 1s shown in FIG. 13.

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 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 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 flexible positioning and

reconfiguration of the 3D profile camera 56. In addition, the use of the tube lens 60 with
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In addition, the optical inspection head 14 comprises a review image capture
device 62. The review image capture device 62 is for example a color
camera. The review image 15 capturé evice 62 preferably captures color
images. Alternatively, the review image capture device 62 captures

thENPRHIREH eSS TDade ViRV IMAeaIcaRIHER dRViGRIAes PigiefRRlitoducing
captures review images of the wafer 12 for at least one of confirming,

ng,.
additionninpticall seNBONFRY HefRtGstetfs PSR Whifetd ProBlendisphivalens 58
anisResiiNhRam 14 further comprises a review brightfield illuminator 62 and a
review darkfield illuminator 64 for supplying brightfield illumination and
darkfield illumination respectively. The review image capture device 60

THeceaiuesIthe hrighiiatd: ilkmminatiomansishedakfieishituminatipr supped ptrate
the review brightfield illuminator 62 and the review darkfield illuminator 64

coRpesRitRANyaniprEffating B tRslirescronies 20 dapinl ¥ vibwih atlor! 2-
Priferye i HL titeimativalinthier reYignd iag® Garotile davdae 56 Qeapdupesd to the

illumination supplied by alternative jlluminators, for example one of that

Clidserelhny e facrdipaleing FEroiPIrEdRS FMLiopard Ao thipding jflypninator

52mageneaIiufRo GRVIGEER T@feiatlyGartdres iah-resaiion dDagiesiRf bening
wafer 12. 30 A diagram showing.the review brightfield illuminator 62, the

angL SR SR RL A Tator e THRETR R i sgera Al bt griarad profile

scHiitipatiangpéiers dneeReveeD iiHdeRislyidectisl et ylde A HDwchart of
an exemplary fourth ray path 300 followed by the brightfield illumination

supplied by the review brightfield illuminator 62 is shown in FIG. 15.51In a
Instepid6r, afdhpfionrtihdmcnathh3fd, arightielstd Wminatio misguapiaect ke the 62.

review brightfield illuminator 62, The brightfield iIIurPination supplied b@e
The FRFBr ﬁ8|8’“?|‘i\%iﬁ%‘fb"ﬁ iSSHPEERYTH'S Fir S IEHOR s(ING A8 vERY 1Hgee
captafe 3@ thedarighifielshlyllvapnator isoieiieated. bx lbmiirsiteflebtiieduataage

66 and directed towards a beam splitter 68. In_a subsequent step 306, the
CoBRR I IR STRNG TS HE AT 8fite! o R SBERe BB 85 A6
prefitested tapards teeivvspaeiian pasitienwkiientofhrightfiald dhimstagigifirming,

lrefl?cted by the. beam E%%itter 68 depends or%%T atio thereof. In a step 308,
IR Y ARSI H JerSE b T aE-? 12, or portion thereof,

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

device 60 preferably captures high-resolution images of the wafer 12.

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

64, the review image capture device 60 and illumination patterns therebetween, is
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positioned at the inspection position. The reflected brightfield illumination
passes 15 through a review objective lens 70 in a step 310. The review
objective lens 70 may be integrated Wﬁ% the objective lens mechanism or the
objective lens assembly. Preferably, the review objective lens 70 has a

preQ1aegtad moeriation i infinity oA eaosdinghYarkn €olig Rlield il umingiRived by the
passing through the review objective lens 70 in the step 310 is collimated by

brighthiclieilypjaation rmehed By the e 1righdipldgHingRiamiatiophown in

FIsirikes 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

InilumRinavR thenfHassesAHBE BRMBWISUPRIEARAZid KigRi3dbPeeieview
enterinﬁi} the 25 review ima%%eﬁc%afture_ device 60 ina s‘itg% 316. The review
|

brightdifddhdpmipriosd idecigniteld BlyRtnatte ALY dhtorav s dgightiield

ilGanRHAferéang aiihigeeviey finage apt e Hevced an Brighffis il ipaginmicld
focused on the_image capture plane of the review image capture device 60

illprpinatier Sapsllrstet Vids BrjHELRa N iEdens £8rapd sikscisg sgwags a beam
spHelbinERtion b piightiied 30e Mirasiosh FRiWeRiriher RV SWi BRIE Bl BdanS fidkter

and the review tube lens 72 preferably facilitates ease of introduction, of

08 olStHEAICELSH HRTTEN 2t ERCEE O HE RHBF SBERGRINT. RRSAUi G (gRO! brightfield

ilepllimase nedcthediomhtiptd il yplination desin@esmtReremiewheljettive lens 70
and the review tube lens 72 preferably enables 5 flexible positioning and
reconfiguration as required of the review image capture device 60. A

Inflovighausotiantexeniirr yilifithnayopathr3fe-foll dyencbydfee tarkfiglsition thereof,
illumination supplied by the review darkfield illuminator 64 is shown in FIG.
ORI i SEDG T RANI) ph SBG BRI Bl ppes
thhyatinearesiew darkdield ibuiRiarabke Beciarktetel lsumibRiancLpIIEY By be
in%ggera{tee\(/il%t//\l/tQt léﬂoq;jjective lens mechanism or the objective lens assembly. Preferably,
the review objective lens 70 has a corrected aberration in infinity. Accordingly, the

brightfield illumination passing through the review objective lens 70 in the step 310 is

collimated by the review objective lens 70.

In a step 312, the brightfield illumination strikes the beam splitter 68 and a portion
thereof is transmitted therethrough. Extent of the brightfield illumination passing through
the beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The brightfield
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

318.
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illuminator 64 is preferably directly focused at the inspection position. In
addition, the darkfield illumination supplied by the review darkfield illuminator
64 is preferably 15 directed at the insp%ction position at a predetermined
angle to a horizontal plane of the wafer 12. This predetermined angle is

THY iRIARAY ehhig thanglenandCan R agdiHSIRIRS n BRUESE WSHBGERRRNIGH4ET) and
known to a person skilled in the art. In a step 354, the darkfield illumination is

thegesigadibrfavitarreErehlpdrtdiairs ede JomskisHen atf ansisabsemtpsrents
ankdOsiteR o be tiRflassadarkielgifioningiieoi thenpassest Braghdas MeMiaWtion

objective lens 70 in a step 356. The darkfield illumination passing through

befpeeraviko TEBIEMIQRIREHY S ¢eRs th aikh B8 6K ienlIREay theteliaRly enables
flieehRitenmg Andxébon Siepadef, dhecgallisaasedndarkiield ilhipinatitre device

strikes the beam splitter and a portion thereof is transmitted therethrough.
xtent 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 befqre entering the

g Ine
A BOREhHh Q) BRI B B8 634 Belhelr Y6 PhE dotinih b iigldzglumination
sufspusesthe 30 colimeked darkiisldalbminatianwiia argmage capture plane

of the review image capture device 60. Darkfield illumination focused on the
image capture plane of the 36 review image capture device 60 facilitates

InGapiepes of reviaw fiankfiglhimagss itsksian iBohidhpealinpitsdobeach Riiew
the, brightfield illumination and r@ield illumination between the review
da&ﬁ?@& Ve HEHEAET tﬁ@eré\%@ﬂ?j' ¢ &H@ﬁ@?@ognmﬂ?@f s dNSt HYish daffield
illgafifigeragionsofidterayBtalictiyMosasspetiticalysbericalppdtion. aheakrtitvn, the
th SEE” htfield illuminatjo no\lAﬁ_lkarkfieJd illuminatiqn.petween the review
agh 51 9 SRR P KBNS T3 A A o GBIy
diggceahfigthatinnpaltibe pevicgvn inagecrpitirendaviag1e@onithdhgoatibplane of the
components of the system 10, thereby facilitating .capture, while the wafer 1
R TS B Ty Bl o e et OH caPRHERA TR atsuasigg as
reGpapidistherdewiigughkieieimag psrandskapsdrediediew darkfield images are
preferably
In a step 354, the darkfield illumination is reflected by the wafer 12, or portion thereof,
positioned at the inspection position. The reflected darkfield illumination then passes
through the review objective lens 70 in a step 356. The darkfield illumination passing
through the review objective lens 70 in the step 356 is collimated by the review objective

lens 70.

In a step 358, the collimated darkfield illumination strikes the beam splitter and a portion
thereof is transmitted therethrough. Extent of the darkfield illumination passing through
the beam splitter 68 is depending on the R/T ratio of the beam splitter 68. The darkfield
illumination then passes through the review tube lens 72 in a step 360 before entering the
review image capture device 60 in a step 362. The fourth tube lens 72 focuses the
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
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converted into image signals and transmitted from the review image capture

device 60 to the programmable contrgller where they can be processed, and
stored or saved in the database. 15 The review image capture device 60 can
have a fixed spatial position relative the inspection position. The fixed spatial

rePRYIRRE e @RI IAee saRtiuedexjrerbQ iy keduranLalibratiofiep
losses and adjustment feedback losses typically associated with the use of

3%hobhe rndtrtiaptafeaetieb sy kughehisl! HurawptiomandidgriisityGinypation

bei@damightield braaes rAS 76 WeavklarkiiRld tnRaesCAPEMEAGcI Y SEIBsign
10 further comprises vibration isolators 24, which are collectively known as a

angy QoMo MiLhs. SRy R rirsssRrerally MerAbsHRTipigha the

brigtEQi Adn@hAtoRi G FRERANISINVARTHINBSYSIANHS 1BvIaHTIR| QRRIAIER. 70
Preferably the system 10 25 comprises four vibration isolators 24, each

anddbrisneavatPaitrie At CHRBFTT BRESYSRATHRDINEHYE GBHEBHR AR bHac g view
infaglp dspauBRIRKL andsiaialize e SYsiaiPohtnis a¢hnd RN 1IoIRdRILIAFiSilitating
referably a compressijble structure or canister, which absorbs ground

Casfﬂraﬁ&f@?oth?e%%ém 38 miorer b dRisih S ieiSsld dimness grsbiFryiew

dayiiTeldonsaiesthe system 10. By preventing unwanted vibrations or physical
movements to the system 30 10, the vibration isolators 24 help to enhance
quality of images captured by each of the firstimage capture device 32, the

CHRoariviRgetzapivre davige S4ndtheplarpdalid samealaidid hhagedldhepreferably
review camera 60, and to thereby improgie qu&ﬁlity of inspection of the wafer

COPXCIAG! RIS HHRAMS AUOBHST IS HMHY the R4fey ¥DAR RN fievice 60 to
thaqeopdingnietae cdrerohedimené ehéhecpresenriteeiionnd siedfleaved in the
diagram of the exemplary method 400 is shown in FIG. 17. The method 400
dafé‘ggﬁgpecting the wafer 12 enables at least one of detection, classification
and review of defects on the wafer 12. The exemplary method 400 for

inspecting.wafers 12 utilizes.reference images (also 10 knpwn as golden.
T R B R VteoViEe b T o A S By gtve the
inypaieienlgosieopomparadddo spitabsioshn ofdethctiogicolasaifyingapndaalgeise 60

of defects on o . . .
pregeraebe recﬁlces calibration losses and adjustment feedback losses typically associated
with the use of mobile image capture devices or cameras, thereby enhancing quality of

review brightfield images and review darkfield images captured.

The system 10 further comprises vibration isolators 24, which are collectively known as a
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
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
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the wafers 12. For purposes of clarity, description of an exemplary reference
image creation process 900 is provided before the description of the
exemplary method 400 for inspectingwafers 12. The exemplary reference
image creation process 900 is shown in 15 FIG. 18. Exemplary Reference
5dMAP e relian Rrasasso98hd e riab Y Amplie Jefarensad arefiiRN wafer
rocess 900, a recipe comprising a predetermined number of reference
IZFr)egions on the wafer 12 is loaded. The recipe is 20 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,

AfnXFRIRREYsaebrad Ak iinsrtasabisd'8Fd mdty RIBEIE JEarae gingeto an

enfbedptenmiradnpraRat afvafesance fegAsIeRrerRMel o¢atiorRs ORpiae Waitiod
25 12, which is of an unknown quality. The use of multiple reference reglions

400 EhRy R dnihshie s prssasint)lofos irsnes ingidisoralsr triteeiqtdaanone

ofQRthe watasskZitiheiveen pwliple:-wafern ize Wueh surface variations
include, but are not limited to, differential planarity and illumination

reflectivity. It will be understood by a person skilled in the art that the
Thy edetapniyechamatbenof fefeigpeetingivasemalr epriesantaoraitentiigges (also
surface area of the wafer 12. Alternatively, the predetermined number of

knoway 8k g8l ISHI THES Rpraldsh TaTRpRS Jregeteimiy T SERBIRG UAeges of the

wireiipleanaderspa8d o3 tRpsP0fe affidstdaliase oresiegiondsdcrieried ldefiects on
subsequent step 906, a predetermined number ('n") of imagies are_captured
thgr¥iadetit st cabfir® PoSRTS O tHE e R PHAR B8R A8 BB R, s ference image
creqesifisailysin o imagesiadeeaptuesd rRtaashon prateteranipethlaaaiioasiod for
. the selecte refleéei e region, NumFer and location of the $redel§eq;;nine}9 )
pRESHBRS 3t the 'Seleffe VBRCESTEIION dAR He AP R PeGirdty dhghown in

FIfacilgated by at least one of software program and manual input. The n

Exenmpla e Craaiion bre
Inase steyptaoad osithg acdiaffenati ceapiviiepdevise. IN0Minatops usathfing a
prgggtel'rlggiggc{hneurrh{)rgrag?%ec epel?ceevraeg?o%sa S()Irlegl%ir\?&fgfer 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.

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

regions may represent multiple predetermined locations on multiple wafers.
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and are for example one or a combination of the brightfield illumination, the
DHA illumination, the DLA illumination and the thin line illumination. Colors,
wavelengths 15 and intensities of the ifuiminations 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 created taking
into account the variations in the illumination, optical setup and the 20

InjrAagieRy Héhng J¥st SRIGFIeaIRHOb thetledrn iR atds careimdtRod Y 2

prégiféenaRiMmagsLere@tion sinimize aknwniediiniiupp gast Vaptistp nidarectthe
detection, and classification, due to variations between the illumination

selssiHutlt SRSTIRCSAARSIRN-a MR bEReSHATHestBE the SBRSSE FefsARTtE deglorach
prodRchficaPtyas bt eAChsRerlrd iaminaliontandiigibEraierablation of the

capture, of multiple images at each specified 25 illumination condition

preqefremied IRsaHansing be SStRplsASsitrsEilafagh Vanatish atdiranisd and

fab@lilash by Homglpke RSB, pkbgrminadamaiglRrpiarably stored in the
database of the CPU. Alternatively, the n images are stored in an external

database or memory space as required. In a step 908, the 30 n images

Tiaptmedn dhetsiep e airialighechanshprepiRe asseich/geetapally dsulpizelsthe
of the n images captured in the step 9856 are registered. Registration of the
SCEOBHRMSOFIRLT 85VifSatedhs pRASAHR BoEmadTLilg Kndf, image capture

defgtRrencasringlieings hethaetdmited 10 inkacearbwainsrod peis: forangean theige
one or more wafer using one or more of binal?r%/, grey scale or geometrical

caplitte A Higtc NG BAHCISHSp s ARSI B LRSS SRR 8 ffbay required,
aniinagesoarexcaipldated. dMosec spbiificatlyofefiareneehificasityualieachnimagedDHA

...captured at e fLEE redetermined locations, of the selec (1referenc
B R Sl 2. IHERIALIRY, TRE Cha BB oH VERSIRS el sfengths
andaigkendithe bfithadashripsoios neem &z eaprigeppeirsatentieciar beagiddiasdatnd
different locations or regions on the wafer 12 (or the multiple wafers). 10
VaEGHE 5PEYEYSbly, the calculation of reference intensities of each of then
images helps to account, or compensate, for other surface variations at
differenf locatigns. or regions on the wafer the multiple wafers).
apture o% muﬁh?leS‘lmageéJ at cac pOSelt\l,gn pre erggTy ene{gfés Fr)e‘:%erence Sl?nages to be
created taking into account the variations in the illumination, optical setup and the
imaging means used during capture of the reference images. This method of reference
image creation minimizes unwanted influences or effects on defect detection, and
classification, due to variations between the illumination conditions. In addition, a
number of images of the selected reference region may be captured for each specified
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
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
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The step 910 results in calculated of n reference intensities, each of the n
reference 15 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

infAQEUMYIBE: foraB AYETRGRCA (RNGE kAHANAFk HRVIAaNd A MU RRCA to,
minimum intensity for each pixel of each of the n images. 20 More
tragse hreany ofRadR &rapedion the SRfeti iRt At bt Ha REraRe e NP AETRINRIY > £rey

scERUT iselafieagh@iihmarhimages. 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 multiplied and then the

Innth §ept ofl therseseliing pteskiakis coiadned s AHOrMulRiQIsobtaiRMBulated. More
geometric mean is shown below: ~rira 25 z=Y fff Calculation of the

SPEeibiiRtc e L stRISa Y apt At RAgacaPEdiah Frevetiidhhdradeipsgined

lotatensity Caleuialiegtdorerebnpixeb@baaghafdhatbdmages Hom tringlvmdubh of
affected by extreme values in a data set. 30 40 In addijtion, range of absolute

refREenS P IRRTETREFeer 8% AD4ETFO AR PREMIIARET FTmAgRets for color
vaeRictatedditraeternailyatioaRbforeganty pixetef thefen liTnagesis theltiplelevafers).

between a maximum and a minimym absolute jntensity for ea‘%:h ixel oft%]%?nt
S to

Py oscts AR britRsalay AiaRtITEl iRe SIAasiF Rl R8P bIAE THIRHRS

aceaeht ppreldameashcoffdhethcdimagrsolifiatiist wiargvearegiangatiiediths on
the step 9 also Qal%ulated More specifically, the standard deviation is a

6i
thﬁ&'&ff?étlr?c?gfatﬁﬁé?ﬂlag A Which describes how spread out is a set of

numbers whose preferred average is the geometric mean. A formula for

obtaining the standard deviatign is shown below: LTff - e Z %0 here g, is the
TSR ST 4 S B HUIDBI AT REHee TR ssatel b, i R reerene
iniehsRS copksemhdiig: tempy arfiiyhsaveshaiegether wih their 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.

More specifically, the 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 multiplied and then the nth root of the resulting product is

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

mn 1/n

i=1

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

affected by extreme values in a data set.
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corresponding information such as location on the wafer 12 or first reference
region. The statistical information calculated in the step 912 is preferably
also temporarily saved in 15 the step Y4, Preferably, the above data is
saved in the database of the CPU. Alternatively, the above data is saved in

InAEHBH) Ve dAtabRISOIINAEIY YhSRAREIRS rERSHIER 48 RiFIRP b8, fiis] of the
determined if more images of the selected reference region are 20 required.

N ipRestels sal6uisErersinralyihe RESAtremet el sYetBemBd Wergr didhgyvalue

belRveterabhyxinaisienPd hisinafoureaudthRdalinnse.aenipfeemsatiar whtainad
by the steps 910 and 912. Alternatively, the step 916 is manually facilitated

or controlled using techniques known in the art. 25 If it is determined in the

ASiRBIdE A nesadmagesafdng selestra feenaeragioT aieh [eudlited g of
steps 904 tg 916 _are repeated. The steps 904 to 916 can be repeated an

th DriiBes il refures WHaR serMeteitietiah I8 kel o s thtsss More

spBefiedInagRs efdbadirgtveiesanceareginndisicesii@sdadstemidhs which describes
determining if the steps 904 to 916 41 need to be repeated for a next,

hopwrepasite PgidA (o YURYERES OIS H RISERTWYTBEHS NS seoRtric mean. A
foreferensemraian) ehdhe piedrteimninedinvraer Bilesference regions. The
step 918 is preferably softw ed automatically. In
addition, the step 918 is pref@rgbly (parfdrmediusipginformation obtained in
at least one of stép<=¥1d | 92 and 5 916, Alternatively| the step 918 is
manually facilitated or controlled using affernative te niques 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 tg 916 peed to be repeated
whERie O PP R 6ieh TE R (et erandiifor repeating e

steps 904 to 916. The steps 904 to 918 can be repeated any number of times
Inas regpiretd Reprettiameagdhecsiepe @0 dotOibPdsapilgfevalaly, sofiwvkee with their

controlled an autotmated.hWh?n itt.is dete mine%irﬁhe (—E-#J]Q 8 that the. Th
COLEPL YRS YIE U ALY 1§ BE PR B R V48" . Hat'ThAges Brihesidke
stagferahdefoegiaivofdleykedeie nintnecprim e pot ketbigrdeo tegipmaudle sa0td in
nECYAEed OIFRIIREIe NG MBges (greinalter seferred 0 AL igereNehe cpu.

Alternatively, the above data is saved in an alternative database or memory space as

required.

In a step 916, it is determined if more images of the selected 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.

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
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images) are then calculated in a step 920. The calculation or derivation of the
reference images is preferably software controlled, 20 and is performed via a
series of program instructions. The folfl(}wing steps are exemplary steps

performed for calculating the reference images. It will however be understood

ndeY & PerepragkiliRd inmthe f&%ﬁ@ﬁ&@f@ﬂﬁf@tﬁiﬁﬁﬁ&%i%’ﬂ@%&%ent description, a

complementary to the following steps may be performed in the calculation of
sepoad&rErESS fivdgr) 95t arg%&gme&%@@%ﬂﬁ@eﬁs?%?@ﬁ&%giﬁf@n;ﬁhﬁétep 918

is grepiepihananiedefineddimihispdesarmainado aadsitionm pixelHhHgERIR is
of pixel intensities greater than a predefined range is determined in the Stl:ei q
n

Prefesabi P EHSHRRHC A I{HREM AT tiieedidd Y2k be o5sitRard!Seld

9 [@h\detanmNeBd exemaspally determings. facaisier W inslfeal uitensitiesative
with a standard deviation greater than a predefined value are identified. The

tee iSRS MEVaItRS 8ftthe step 924 can be software selected and determined
or manually determined. In a step 926, the previously saved images, as in
the ste{?F 914, are reloaded 42 for repeat of any one of more of the steps 904

IF 4 odetermined Ritherstehetc halemigss od b deconsurtsranifeieoianeigrd to be
cafAnEd,is ddemtiieegy100g the 19 RsdIR D0 Gatcin@ SliepSe8dadt e 2éntrcililaln, a

_identification of images comprising pixels of specifiCﬁixel 5 intensities. More

SER it i SIRD 052 1206 SHRSIe e Htifid&tioh6t SR e cihthiRing™ be

repbs@ia hayinghieéeeiadntsnsiigsaukigerpadefinRalipito0or a0 g s fkferably
xample identification of "undesirable” images, to be identified. More

f
sofyricanioltrd Wdpue8¥s926 eliminate "undesirable” pixels from the

reference image calculation and help to prevent "undesirable" pixels
influence on the fipal referen ixel yalues of the eference image. The
L A R i BB A TR Ao e fsated.
i.clakatoimipages theeieby prenaotingdiviuende airpdesenitedl suabalaiectiteence
data with#enerated reference jmages. In aSt(‘?k%QZ& 'mal%is comprisin

regioRtsAsitA Bratifitte SAIASRSTEECTE RS (HrTmales WhIHdc d‘éor)gg‘?&nce
inteesplidadas Riefeialyn thedseBaence image creation process 900 results in

derivation of the following image data:
The calculation or derivation 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 be understood by a
person skilled in the art that additional steps or techniques complementary to the

following steps may be performed in the calculation of the reference image.

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
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
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(a) Normalized average of intensity of each pixel of each of the consolidated
images 20 (b) Standard deviation of intensity of each pixel of each of the

consolidated images (c) Maximum antminimum intensities of each pixel of
each of the consolidated images (d) Average reference intensity of each of

fofRRIRAFERN IR WBREL PIHELeEpE 064 R0NRDS HearmingehiRetoR St AnfOiities

25 The consolidated images of the step 928 represent reference images. The
owistdrdredetirabes, Bleteranan R ddradiSsdding ity Rt sttt saved in
the step 928. The reference images and their corresponding image data are

preferably saved in the database of the CPU. Alternatively, the reference .
Thﬁw%tawif?d?r?e%ﬁ Cortigoitamitatgr elimases SoneRNEasPEs R tRgaUe pixel

in E@Q@SGMBI*@W§Q%Q&HE V\éiﬂélbﬁ appresiated sl Parar fiskiles Kft‘ilﬁages
art that the step 922 to 926 helps to reduce amount or size of memory space

coRtIRIRg iPLEF R MINAG T TRtE riteRs iR gRYsifG predeBand dpBitdint Wages, for
exwiisle naaytETAkI: b mnribeaied imbepadumrE atffioNerspeadiRally, the

accuracy. The ave_rage intensity of each pixel is preferably normalized to 255

StGRSotde iR dfs pIEY TSN RASHARDIS TR rciame Ahirislrasnde wieRbRAlGklagan and
heip@ersiaraihadeersonskileddnnihemit hatibaiayerege-iiepstyl ohrRRGf the

ixel can be normalized to an alternative value in order to display and
ref}i%ﬁz@ﬂ%’reference images. The steps 904 to 928 can be repeated a
predetermined number of times for capturing a 10 corresponding number of
images with at least one of the first image. capture device 32, the second
ThihaGu captble dEes TSI SacHAleS RAABR e lepRssetp o
inﬁlg8sgalﬁbhe)yqaeda£@drtgr}ﬁﬂnanﬂe@lirpg@eﬁft %ﬂfiilatﬁrm&lfmm&m&mh generated
illumination conditions, for example brightfield illumination, DHA illumination,
rel SRRSO AT R LA RO S Rt e PN G and
rafiep$iWihind2 8 @ kdasidd ereatasolifisieference images for multiple
illuminations or illumination conditions, and with multiple image capture
devices as required. As previously described, the derivation of reference
Prisnagels fareneféiple cafaigacect@@iopsocess 900 results in derivation of the following

image data:
(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
(¢) Maximum and minimum intensities of each pixel of each of the consolidated
images
(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
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



10

15

20

25

30

of the wafer 12 (or multiple wafer) and at multiple illumination conditions
helps to ensure 20 accountability, an% compensation where required, for
variations in quality of subsequently c Btured images due to variations in the
lighting conditions. For example, the capture of reference images at different

refRies@mse e aiaNm Ot ing iabaihd i enddiffareattegriivnscamthemai k) cnable

preferably ensures accountability and compensation for color variations at

theimered hiRPR RS R GER Righss Wﬁ%‘i@éﬁ%cgf?ﬂo 928 are preferably
executed and controlled by the CPU. Preferably, the steps 904 to 928 are at
least one of executed and controlled by a software program. Alternatively, at

The Z8iespas dRIFRSIEYeDS W6k RIShas R BaL MR ZediitetdR faqRifet toTdisplay

anklgtanee: i Magef fiRalesdpeine QXEMBIAEYEHRIGNES {agD EHEpERBN skilled in
rocess 900 are 30 used for comparison with subsequently captured images

thgﬁmévéhfmraa%mmmaﬁﬁﬂ PRelra By TaRAs KLt alterpptive value in

ordetestiplslassificatianant ieyiemed defgeis on the wafer 12. As previously
mentioned, the present invention provides the exemplary method 400 for 5

inspection of wafers 12 to thereby at least one of detect, classify and review

Tiietests e se 98t terwadpeatdd . d pr&eprmdbdhtheHaatheshdddothawalies a
12 to be.inspected by the system 10 js loaded onto the wafer table 16.

COBRSRAAHRE MRSt 1AL 1rath e N BEstipn gartypdevice 32,
theaketisdvafeshandles 18vand Mnensiamedonio tamwalan adleidh, HYcion 904 to

vacuum is applied to the wafer table 16 to secure the wafer 12 theregnto., .
92%8%?&rfﬁeﬁ%sﬁifgw%mm%é@%gwafér diFR ot BT RDE @b Elm&@rswn
coadihiancods. Hhenwrierighmenabinetibaicad®is ngianediiapged Dhidiaation

surface.of the 15 wafer 12, mare specifically. at a perjphery of the surface of
orgh A 11 SR aTor o P P Ar BB R e BT O b, gl

crédatbengureihiakcthe avadefor hisltGne et prappsaprinlelyilnadadondiihe, and
wafer tggle. 16.In a s;[%?‘? 404, a wafer map of the wafer 12 loaded onto the
e

Wi R ERRTRSS CARMTEYR 1918 2 d5HR¥S map may be loaded from the

database of the programmable controller.
As previously described, the derivation of reference images for multiple reference regions
of the wafer 12 (or multiple wafer) and at multiple illumination conditions helps to ensure
accountability, and compensation where required, for variations in quality of
subsequently captured images due to variations in the lighting conditions. For example,
the capture of reference images at different reference regions of the wafer 12 (i.e.
different locations on the wafer 12) preferably ensures accountability and compensation

for color variations at different locations on the wafer 12.

The steps 904 to 928 are preferably executed and controlled by the CPU. Preferably, the
steps 904 to 928 are at least one of executed and controlled by a software program.
Alternatively, at least one of the steps 904 to 928 may be manually assisted if required.
The reference images created by the exemplary reference image creation process 900 are

used for comparison with subsequently captured images of wafers 12 of unknown quality
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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 wafer 12 onto'the movable support platform using
methods or techniques known to a person skilled in the art. 25 In a step 406,

toGRErOF ML IETArenGe ieaipasasatariakeHipdsierined QR Hreiual®l on the
map and at least one of wafer X, Y translational and O rotational offset is

welstclifated using techniques known to a person skilled in the art. 30 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

A A AsRerers b P IsRaNt e pHe T RRAVILSS st erenpiasy Bethod dfgrfor
infRittieRdothe alerkality @f inassycapluss: pasitenmiEdiciarmbiy Wl Galaulati@Tects

of the wafer scan motion path is dependent on at least one of several known
PrEsE AR i VaRER khown parameters include, but are not limited to, rotation

offset, wafer size, wafer die size, wafer pitch, inspection area, wafer 5 scan

velocity and encoder position. Each of the plurality of image capture 5ﬁ)os_itions

Inaftends ebihsspsHid (09 phsitiatrbh1rie BrariPesiest RnilA Pigas! Grs {gaded

o6 GRPiRe tableeteraabyteaath ahdhepburelity ekimage Fapiure RASHIGRERAD by
thbe%%lte_red as required using techniques known IO%% person skilled.in the art.
TH

RUFBAISAMAE LRI BSEHSACRI Hisd HsTaRBISd AOHEG R Yafym

is MG Ueth KRV tableDey SO Beskilad drvidter 10 @erBrederably, the steps 404
to 408 are performed automatically by the system 10, more specifically by

the programmable controller of the system 10. Alternatively, any one of the
Tistepa @04 ABaraslybeopaifaened vfar withtthieatichohiaabaliemmativenber) or

progessor. 15 In a step 410, the programmable controller of the system 10
g S AT A 3PS OB GATEPIIALS LA JeRerBHEE (RBIB A BRRce of the
wisienrediiores petefeedice impgehtiinef tefesemes ivfage isatat eyailableatee ID
n reI%@E SEeade, g@ggg%d %@Eﬁrﬁges\? eg%egﬁae%%a;{&a o e afer 12 is

correctly or appropriately loaded onto the wafer table 16.

In a step 404, a wafer map of the wafer 12 loaded onto the wafer table 16 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
wafer 12 onto the movable support platform using methods or techniques known to a

person skilled in the art.

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

techniques known to a person skilled in the art.

In a subsequent step 408, a wafer scan motion path and a plurality of image capture

positions are calculated or determined. The wafer map obtained in the step 404 preferably
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20 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 ef(‘émplary two-dimensional (2D) wafer
scanning process 500 is shown in FIG. 19. 25 Exemplary two-dimensional

faéARItwaier etematneh OERSS AN IheEveialSEanHEYIRFAEESS3RAge capture

enables capture of brightfield images and darkfield images by the first image

POsiiftite SlsERP SR HifdGHERiIh A oW st dBok I thnis deapngent gin at
ledp WRfQIrseaRBNK RERGEPRRARRE FiRHMASR CARIIBEGVIGRBAIS B are not

exposed. In a ste? 504, a first illumination is supplied or emitted. The first

limitditpaor ot B E brigrmeen dinitiatoW Lappieh, DY SBF it drotater
scthewiightlield e nidbiwingderidf, PhtA ibrmipatiorsupRIifeERY O CaMite Hdns

the high angle darkfield illuminator 30 or DLA illumination supplied by or

reflitel fIRTIPRM WO GRS QR RBIENS INASS d o PO R I dEfg S S g captured.

prifierainatiencto betreppliedigr eniteskinipaisianifidnisqaretralyred as required
determined by an illumination configuratar (not shown). Preferably, the 5

USHREIRFARLIIEORGUMAEH i BBttt &t dhs ki1 trmserlcipscafigpture
pos@itHedde athe vl umdnad aksré48irdd u5idebdcant &) Iafdha &ysteesdPskilled in the

Alternatively, the illumination configurator is a component of the CPU. The
arfmage capture devices 32 and 34 can receive or capture any combination of
10 illuminations supplied by or emitted from the brightfield illuminator 26,

DHA illuminator 30 and DLA illuminator 28. Examples of possibl
PrELaBhe R AL i A AFaSA FELE B e BERUPE Helfeemors

spadifacdiiheysgrope guminaion seaeivadop b eyRag e(caplidraaevice 4 e of

shown jn the table of FIG. 20. If the first im capture device 32 and the
OSSR A R BB B SNy SIS T AR,
then the throughput of such a configuration could be the highest of all the
possible configurations. For example, configuration 1 as shown in the table o
1o PO BYF e I kIO COMG I RE gl e
apiptopiizagiopols dherbfighitieldhaQiilafeinatiirsdipplied hy tbdrightii@lke). 1If the
luminator 26. . ) . :
reference 1mage 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 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.

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

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

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

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

for example brightfield illumination supplied by or emitted from the brightfield
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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 %@apture device 32. In a step 506, the
first image captured by the first image capture device 25 32 is converted into

ilimasgsioralpand irapsmitsad deph & BY odathadpir Haniearasessantdicld
preferably stored in the database or storage memgﬁg. Ina SteZéSO& the
preoths

illgappgnmdge Phgulbauivition suaniiedd2egr fimit Wahgle darkfield

ililkmination. iscsenplices de with e firstibHno natieppselestioniabthe secord 504
_ 30 illumination is preferably determined by the illumination configurator. For

is RIFSERRY of ChrEpYRch RY oL HBRB AL LM FORFAHIANT 48 Lh o tHeatasblys the

il1rhnafbis &alasieskblyithe dbmpbitinatienecaRfigHratomferietnaiiiheoupled to
second illumination is_the DHA illumination supplied b% the high angle

they tHemairpinthiad? 308 IPhARAROL O& e Sypisra i Sty tiggﬁééhesilﬁ'i‘é‘&?ﬁﬁon

coi@earhibak thedirpoletnitatiocaud the second illuminations may be
alternative illuminations as required, for example the exemplary illuminations

of the 5 different configurations as shown in the table of FIG. 20. Preferably,

THBEisiaRs Surpdietlare pesierned sinulasneouslycdpiaterably, dbgisieRion of
506 occursin iandem with the performance of the steps 508 and 510,

il Rs AL SRPBHAS DL R i ted drens 115 BHaBIES dAPHmLnatos Zeddhid\niygunator

308sngOWA iMirmaZet2 HFthenblsoEpodsinlageBapiuiedecthe4irth ilsigRation
512, the second image captyred by the se%ond im%g, capture devicergé lﬁc’% b
reegNberid Md MG S RGRaIS AP rmaRd B8 f5ARY SHOGPLIRTR LT Ebi oMerhe

imdgethepiata densfeIprpesasandidtrieraiily Stonesl inothaf dadafiasege capture
storage memory. 15 A djagram showing the expagsure of the first ima .
Aediffiure dRAs2 SEERy WRABE FRRrIRAON bxSSELHS OH R Rebhfimilar
illimageaicaptuiend@vicerSdstiipRly wicthe sat@ndailbimisaldobeand thgneatarf all the
tralggé%r ocess of each of the first image capture device 32 and the second

PORY e i®ice 34 is provided in FIG. 21. The steps 502 to 512 can be
repeated any number of times for capturing a corresponding number of sets

of first 20 imaggs and second jmages oéthe wafedg;ﬁ;’ re specifically, 2’6
P SE 03 1 5L S UL Dt ra i it 100 Ee il M gRa S HE sk the
illhdinatighthedivsgultuminaieocadihgly, the first illumination is the brightfield
illumination supplied by the brightfield illuminator 26.

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

process and preferably stored in the database or storage memory.

In a step 508, the second image capture device 34 is exposed. In a step 510, a second
illumination is supplied. As with the first illumination, selection of the second
illumination is preferably determined by the illumination configurator. For purposes of

the present description, configuration 1 as shown in the table of FIG. 20 is selected by the
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the second illumination at each of the plurality of image capture positions
along the wafer scan motion path as 2 Iculated in the step 408. 25 As
previously described, each of the first image and the second image are
converted into image signals and transmitted to the programmable controller

illﬁﬂfi‘rﬁ%ﬁ@&ﬂﬁ%ﬁrﬂﬁi@ beseramgi9rane MemeiuEashiehthersiaps R0A it mhdon

is performed while the wafer 12 is in motion. This is to say, the capture of the

supplisthby dhs iighede shakiicid 8 aparorma kilb R vssdie12ppegpiated by a

peeHaRAQNeh R Waler30a8 metianaatauoscodingl¥ecoreraRAMMMEKHEhEY be
the art will appreciate that the wafer 12 will be displaced by a predetermined

aligioathre HIURG At Rafer 'SO4 o tioh PlRenicefrRPiEpd bpingtgns of the

difrehighderate iy d8a Lo s HtanerushpIandhe 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

Préfefebli2 loagphisoalied scan i pHEoRAl saRd dMSUsgUreddRbRNIIRNAHf 506
the steps 502 to 512. The predetermined distance may be 5 controlled and

oot dendeiratih itheeRaripmany e EsutepielS s aht Jaritaia e (AE the

stépedeeannsdudisianes tapike ot leasiaideinfgeftaarparmanuatly 22b, by the
f%%ii!;tated. Accordingly, the first image will have a predetermined ima
S€

e
R e e e aweo?ﬁﬁa%%ﬁﬁmlmge&ﬁatmg@%%%econd
imdge shpsa gevidyined invagenotira fiisblnimageighslshenseeandiiinade to the
demonsaté ting resulting image offset due to the capture of t Eqi)i st image . 0
ProF RN S HFRETe WhIlEIh S8 afsenEsels MGHtofn RSSO F R e Hiffeg in the

datatage effsstagepandsn several factors including, but not limited to, speed of
displacement of the wafer 12 along the wafer scan motion path and time
required for any one of the steps 502 to 512. Control and variation of the

A priegelershinwe th imag expidsetonayhd fike iatdgashpnecafsotbnzy esappnao o aily first

. facilitated. In a step 514, XY encoder values are retrieved. The XY encoder
BT e FHGTSREDI! dDfanSCEra Lt SRR ARG e SR bt second

ill R faradanid ehX Yaencotlt v plyesssrepease ot pasfiisnm{agé-clipplacesvaeBofand
T NG Ve T TR
refleatfidshinagenbed tietsreomor imgoeriie .o elatieepotigaicohtisbsecahetimnagdirst
images and second images of the wafer 12. More specifically, the steps 502 to 512 are
preferably repeated for capturing images of the wafer 12 using the first illumination and
the second illumination 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
or storage memory. Each of the steps 502 to 512 is performed while the wafer 12 is in
motion. This is to say, the capture of the first image and the second image is performed
while the wafer 12 is in motion along the wafer scan motion path. Accordingly, a person
skilled in the art will appreciate that the wafer 12 will be displaced by a predetermined
distance along the wafer scan motion path between the steps 502, 504 (which preferably
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from the first image) in a step 516. The fine image offset is calculated by
performing sub pixel image alignment gsing pattern matching techniques.
The final offset is obtained by applyin@ a predetermined mathematical
formula on the coarse and fine image offsets. The 25 predetermined
ocathematicakinsmyladmay e agiysiedas reauredyising (RERHmIeS RO cur
_to a person skilled in the art, The 2D wafer scanning process 500 performed

SN W1 4 BE (e FRStRa 00 s EAGRsIRIME QbARE S RsapeitiagBE obut
ndhBRg id, R b tlcthtcaalstiated dRade 30neMRRPASHeNSRINHH path

the wafer scan motion path, 49 In a step 416 of the method 400, an
and,imeoiamy bl ABhSRAT (DY R fPotkssiig RErdeEsa1Bss sy mmabe
coltfAldganiongied ideniifying ofdelesipg. wassiying, mansslidatingdantiation of
storing defects on the wafer 12. A process flow diagram of the exemplary 2D
theREgfeisrBuBSL it ARG 83y diorld GSbRRe inf FaE VR er Bl PoBisage
processing process 600 The 2D image processing process 600 facilitates
processing of the images captured in the 2D wafer scannjng process 500. In

ACRGRIBRALYHE 2 Br i A Hro e BaN R S Ees Bty AT eL s WASP sHBsgrmposed

onlfEbtiBing At delasting, seassiMingeceneoidatiiered stafibeied Rgieds@p first
. the wafer 12. In a step 602 of 2D image pracessing process 600, a ELirst
Imetiang Mradre 04 RRss FSHICAHAY fesy R IBRSR SRkt {fhihgicgpture of

thwairkingigagedishsalessad fiamethe e Mber B¢ firstimagrsiandrseaddetermined
. iImages captured and saved during the 2D wafer scanning 15 progess. For
mﬁﬁfp&s?&% mﬂaﬁés@ﬂt R pBH HRe LY B%ki@ﬁmﬁeliab effs tRESD Of
difisidenage sopikieddy thel digtihoageeaptiirendavicad2 Aidringdheq@Redaterany

scanning process 500. In a step 604, sub-pixel alignment of the. first workin
O SRR S R Sh a6 HE R BT I GaesaR e Tay
bematehingnteshsifivwes Lisingaansl gradieatednplates. 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
In a step 514, XY encoder values are retrieved. The XY encoder values are preferably

obtained at during each of the steps 504 and 510. Preferably, the XY encoder values
represent positions (XY-displacement) of the wafer 12 along the wafer scan motion path.
The XY encoder values obtained are used for calculating the image 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 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 wafer 12, preferably at the calculated image

capture positions along the wafer scan motion path.
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predefined region of interests in the image as shown in a step 606. The
reference intensity of each pixel of ea%-u image of wafer captured along the
wafer scan motion path is 25 calculated in the step 606. The steps 604 and
606 may be collectively referred to as a preprocessing of the first working
IniN3@- 41 6T bR fﬁ@ﬂibﬁ%%ﬁ%ﬁ&ﬁb%ﬂ“ﬁv@(ﬁﬁ{&ﬁ%ﬂm gzi@ﬁﬁhﬁg@iﬁ%é@ssmg
above steps. Additional steps can be incorporated for the preprocessing of
presir&otkimgiom aforegliterst son of siflsadiGuiog: stegBemingfirgpssitying,
codobiRntsierprCce o AfigteterencaimagrisiselectadhcdRe it EiRiRAtRf the
image selected in the step 608 corresponds or matches with 50
exﬁ%??éfé@@d@@%%?é%@?%&*?@ﬁfﬁ df therstdtking-image. Preferably,
the first reference image is selected from a database or collection of golden
eferences qr reference images as created by the exemplary reference
Srplany gl Inanediacessing Bracess 608f the method 400. The exemplary
THefEreneS:Eraaten PR AW (B Heisrie frisc Rsaetaif ahovea @Rt shavd (A the
FIG. 18. In a step 610, quantitative data values for each pixel of the first

2RuaYRIRG HARGEErmecittIAbEd. b ANhESB 1 Dot c ARSI SRR iR RTR it 00

faviaitiess for raghopixelratithe sk woddretinpaeeaeiaiereneRlidvtih@and storing
predetermined.threshold value together with 10 multiplicative or additive

defectdin theavalsh B4, the first working image is then matched or evaluated
against the first reference image selected in the 608. The matching or
evaluatiﬁn o£ éhe first working .image with the first reference image, facilitates

In o882 i tEh iR AR OSFERREREOSHSE & the AMIRI Y B ithagh St seist) and

of
loigl@iagrameieesjor efiepting autormstedomaighinggdaiwaendbdbistnokin®er of
image and the first reference image. The rogram able onté%ter eferably,
firsh PRAEt T LHELTSt SRR THE LN S S LIS For R Al SSARTnE
pricsbyvakingipage sithdhediest réderepaen mag dite thorkhis analgle idjgesents the

detection or identification of defects on the wafer 12. 20 Determipation of .
i ARG IS P B DRI T 5 Ch A BPIIS Bl A scamning

prpeesessing process 600. If more than one defects are detected or identified in
the step

In a step 604, sub-pixel alignment of the first working image is performed. Sub-pixel
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 reference intensity
of each pixel of each image of wafer captured along the wafer scan motion path is
calculated in the step 606. The steps 604 and 606 may be collectively referred to as a
preprocessing of the first working image. It can be readily appreciated that the
preprocessing is not limited to above steps. Additional steps can be incorporated for the

preprocessing of the first working image as required.

In a subsequent step 608, a first golden reference or a first reference image is selected.

The first reference image selected in the step 608 corresponds or matches with
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616, the algorithm would sort the defects from the largest to the shortest
based on either one or all of area, Ienégotg, width, contrast, compactness, fill
factor, edge strength among 25 others. Furthermore, the algorithm selects
only those defects which meets user defined or predetermined criteria or

pre@éRMESRIS @f&ﬂﬁ%@é%@'%@ﬁ&‘é@ oias ehintRRRIHD RN OrpifeR{er i Airst
step 618. This is to say, DROI on the wafer 12 is calculated in the steg 618 if

refersBRsciIehdie WWSAthd98cR <l iaRnste Qe S Seliominl 89 1HRY stelsisees or
reRigfREMbedha LIRS blad dtedyngaigalbney dhatfoR Yt ths stenb ik step

The CPU isgzreferablﬁ_\’so programmed (i.e. comprises or embodies a series

413 ebMpUBRE M HUidRE SrEBRIR FRbFST BRI thP e atithiddpigribed in

deRR @054, dndEsBRmMER 16 cpgresponding DROI of a second working image is
inspected. More specifically, the second working image is the second image

captured by the second image capture device 34 during the 2D wafer

InSEAEPING I 0gRHRIAANTMRSeanRd Warking ipirge & impraferabbitking image are
reprocessed as according to the steps 604 and 606 before performing the

calguiigdolnrhoR bd sdC iR Grantebus kg fﬂﬁﬁah(méeﬁr%f the first
wiYRIkingrixagerandfdiensegonaivorkhngderagenbeingregiila echRfethe &ame with

location on the wafer 12 along the wafer scan motion path), is inspected in
mpupliealise T hEH8FNNY sub-pixel alignment of second working image.
The inspection of the DROI of the second working 10 image preferably
facilitates confirmation of defect detected in the step 616. Further prefer
S0 et

bly
InReSSR O 5te¥ VKOG O ksH 1 HER Y 8H fyAe st pesest g first
refySiRM ih&h@éogeesadea tiiretﬁzRng. Ofﬁba’lﬁ@@l??]g Wﬂﬁﬂﬂ@léﬁ}ﬁgefﬁﬁ%ﬁ(ﬂﬁofﬁbﬁdng
._entire .image,.In addition, in the step 616, if there is no.defect found,
I AT R ATA0C ST e S S oo o e e Gl on
thwvith et bie pertaemet)), Thisorl fivthesdeduaeddrasTiidnihie Qtieasear matching
rocessing bandwiqth needed for processing the second working image. It

bR TS aROTBUTA B TR ST, TRACTE R S ey e e pable
o] i spegreibtnecarathoo) isadyrasnioalyoagides orspatiosmedrbaged@ms for

results of preceding.steps of the method. The.intelligent processing of the 2D
RS S ST UM GO T i T B e o g bl he
detletoiog hput ¢hafivafensoindecteon piey Waftr DY the system 10).

Determination of presence of one or more defects occurs in a step 616 of the 2D image
processing process 600. If more than one defects are detected or identified in the step
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. Furthermore, the algorithm selects only those defects which meets user defined or
predetermined criteria or parameters to calculate defective region of interest (DROI) on
the wafer in a step 618. This is to say, DROI on the wafer 12 is calculated in the step 618
if a defect (or more than one defects) is detected or identified in the step 616. 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.
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In a step 622, the detected defect, more specifically the location or position of
the detected defect as well as the classification thereof, is saved. Preferably,
the detected 25 defect, and the Iocatigi 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. The steps 602 to 622 can be repeated or looped any number
Ings RO BrocessiprRpHias FARMbgELSHsRI A QtkiRg gD Kydfepected. More

spSEATHAING HOSESH Wb kA phRaJMNRARSSAPIMERE dptinadtBe #P Wabal image
scanning process 500 is sequentially loaded in the memory 52 workspace

CapH LSSt For REcEatRo E ReRIBA RiogeTe ) WIRE RSS! Do prieitpage
is PRctRenvIfprehlo g 8taPa RBZIIRLR2IIRNAINE depatitintpeast fRetiaies: the

at least one of detection, confirmation, and classification of defects, which,

SISRAF DeTBisde i Sh tHBHRGT 05 the Shcraf e ingprRagn Al ftshiyarking image

andasiiens NORErNegNARESEan dapanrddadin IR iR S18pa034,c2aeh afaretitiplgong
defects, and the locations and classifications thereof, detected by the 2D

ST FERR ST Brodtls Botshectushdbiida sttt CANS, Rrdriramg shomixel
aligatabaserebtoadoRétknliaimady elhehasheteris Bt MRIOT RS #dnd working

_ classifications thereof, are cglnsolidated and saved in an alternative

Mg PASTBP M oL cn BRRHE™D BlifiElge! pissSdnt pitsc sl 16- Further

prefetgbanaueomaiedniacesssiftaterablydéhe t dReisdnrogspeddor, or
comprises a series of computing instructions or software program, for

automatically performing the 2D image processing process. Alternatively, the
TRDsRage 10 peessing pedeReMaY e faaiitataddiliag rbdgashaoednodnbi@lentire

._input as 15 required. Completian of the 2D, image prqocessing process 600, of
I o B AT tRe el 06 TESEIRS R USHSE ot SIS berminates
atdedegtd angl (he laeaiiRsepd slgssidicaiions] thereofpeletesiad). usig sHE further
ri hggild illumination, the DHA iIIumin,Ea)ati%p aé}géDL?ﬁBé(%illumination. IE a d
reCHBSEHUBRO L S ATR ETHE RRHSHL0er s HSHERE THRFEESHHE H8foron
w¢3)g image. It can be readily appreciated that such an intelligent processing sequence
(i.e. flow of steps in the method) is dynamically decided or performed based on results of
preceding steps of the method. The intelligent processing of the 2D image processing
process 600 facilitates improvement of the system’s 10 throughput (i.e. wafers inspected

per hour by the system 10).

In a step 622, the detected defect, more specifically the location or position of the
detected defect as well as the classification thereof, is 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.

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
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wafer scanning process 700 is performed. Preferably, the first 3D wafer
scanning process 700 enables capture_of 3D profile images of the wafer 12,
for facilitating consequent 25 formation°of a 3D profile of the wafer 12. The
wafer 12 is displaced along the calculated wafer scan motion path for

wEARPAIR G RPpRHISESSIOfih YRRkt RS ABM-Qiteh AMASf&Rf thicMHitp!8e present
images capture positions along the wafer scan motion path as calculated in

onyjiae wilisraos. TR LORSH i T weretifsneksrrplafycBiajear cast one of
deSEATHNERMERT R OkhdSCEROMIBAIIORI 6 ddedd, SdhiExampianpRBeWalgrthe wafer

scanning process 700 In a step 702 of the 3D wafer scanning process, thin

L2ipemunTifaitn Erde FBR8E BP U AT AN R MR IR SHBMRRRBIBY In a
step 704, the thin line illumination is directed at the inspection position by the
mirror setup 54. 5 In a subsequent step 706, the thin line illumination is

Ingrlen@asy srshvatemyBiRie slstiots: dutdbr, fsatiorodang tesilgriiansmthereof,

deRQsiioby Reftentaddbinlive dupipasiensfoom thec wmabtidi dsakiarandiitasteferably
through the 3D profile ob'!ective_ lens 58 in a step 708. The 3D praofile

in Shcedaiobans el gl BivebrBedefshtmaRtdyhe IarriiARSSIOA oeaidigaiions

théne 1 aridlupngatinethiaughvieieis Rnpipéile.aieehive Jensrafandhe spiere. 708
collimates the thin line illumination. In a step 710, the collimated thin line
illumination then passes through the tube lens 60 before entering the 3D

Thy dfite ispe s & ibifesiRBcéd isT prfebsliens 6Apreiesayiockbsiopwsestng the
collimated thin line illumination onto the image capture plane of the 3D profile

Rt Ay S8 AT ir &7 QPRSI 88 U SEH Srth 88 g e S PN pIghaottware

prégaipleSocaptuneat alfirpedbrinag ehef Theimader pkddessisign ockds. Collémationly,

ho&;ﬁe thin line illumination betwee%ctj}g%ﬂ;’hD Pr]'EP ile objective lens 58 an?l the

Nubd (BB IATTREREPEXEES SRt RS ptiah EoisbRBR T gual input as

reggeessories therebetween, and enable flexible 20 positioning and
reconfiguration of the 3D profile camera 56. As previously mentioned, the thin

line illumination is supplied by a laser or broadband
Completion of the 2D image processing process 600 of the step 416 of the method 400

results in consolidation and storage of defects, and the locations and classifications
thereof, detected using the brightfield illumination, the DHA illumination and DLA

1llumination.

In a subsequent step 418 of the method 400, a first exemplary three-dimensional (3D)
wafer scanning process 700 is performed. Preferably, the first 3D wafer scanning process
700 enables capture of 3D profile images of the wafer 12, for facilitating consequent
formation of a 3D profile of the wafer 12. The wafer 12 is displaced along the calculated
wafer scan motion path for capturing 3D images of the wafer 12 at any one or more of the
multiple images capture 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

1s shown in FIG. 24.
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fiber optic illumination source. In addition, the thin line illumination is
preferably directed at the inspection pgsition at a specified angle with
reference to a horizontal plane 25 of the wafer 12 positioned thereat. The
angle at which the thin line illumination is directed at the inspection position

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

IngatieReAdtrbthsSRiNAfte MaringiBrerRsy R sHRCIlBMipRiie jeguaglied by or
erh@eildradnlrateraplviRrondbanstovaselenaiheitrahiméngiluminatigRitsation is
_selected for 30 enhancing accuracy of at least one of defect detection,
dlxﬁémf&a&imﬁ,lameﬁmgewhbmhwmémafh of the thin line illumination
is preferably similar to that of at least one of the brightfield illumination, the
DHA illumination and the DLA illumination. The first 3D image is converted to,

Injp sybscqyeristemddeati it dins tHensmban i dscsdrhe th walsd 749 RAgion

théired 3 PJENagR &S Aracerspd o insositbh R dlderat wne wiSBlupgighion from the
measur_ingr, coplanarity measurin detecti&giand classifying a defect.

WHFERETa1I IRETRISHS P62 R 718 CHPERITERRUESH Knl HunibBY BtiRedForl e 3D

préBRWHNG Gy € QRS SBANLI ABAAMREE O R MR §eSn it MSHEHNGSIBE of the thin line
corresponding number of captured 10 3D images t@g the CPU, a

Brieatem g B RESHAMIMY hAMEN S SES mhade ﬁ%@&%é@%@?f@e thin
lirzaim haipgitarmed at any number of predetermined or selected image
capture positions along the wafer scan motion path of the wafer 12.

Preferably, the first 3D wafer scanning process 700 enhances accuracy with
Invihiedp theo, b exemipkaed methioeb400iHspectsthRegsnisen dueiomwaierutdasgs 60
ecifically, the first 3D wyafer scanning process_7Q0 enhances accuracy of
el PURHAEIN B RIS GRG0 O 55 afde s calimHiplGRe 60 Aplerably
fopliesides delailsatld meiroingithldaiaissuako ehplanagiycdigigbtdine of the 3D

three-dimensional structures such as.solder balls, gald bumps, warpage of
R T e S R e At
capretdts Of thessip st tepetiians2thierectepfrnoestingwdBofithagam line

...are. saved in the datahase qof the CPU. Alternatively, results of t tep 718,
N TAToeD BT BRI FN 6150 a4 LhES e g s case
ofailtehistdalattibpgeadcomepoaeytspaceaccessories therebetween, and enable flexible

positioning and reconfiguration of the 3D profile camera 56.

As previously mentioned, the thin line illumination is supplied by a laser or broadband
fiber optic illumination source. In addition, the thin line illumination is preferably
directed at the inspection position at a specified angle with reference to a horizontal plane
of the 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 skilled in the
art that the wavelength of the thin line illumination may be selected, and varied, as
required. Preferably, broadband wavelength of the thin line illumination is selected for

enhancing accuracy of at least one of defect detection, verification, and classification.
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as required. 25 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 ra); ath of the exemplary second 3D
wafer scanning process 750 is shown in FIG. 25 and a corresponding

TR QRSSHEW diagramyofithe exampRY Re5endBR Wa{ahseAMING BIQSASDne of
30 750 is as shown in FIG. 26. 55 In a step 752 of the second 3D wafer

the brighitisdrBluwaingisen. dhe RN HMHAdSRRiand (i Rl i BMERId from the

thin line illuminator 52. In a step 754, the thin line illumination is directed at
the_inspection position by a reflector assembly 80. The reflector assembly 80

y
The Sl RiERERASWANE T BrienMasse MBI o PAGWETIRIBFGED B diup Step
716 arstepip 61 erbindne Mlumigatiopisdefieated metaepwatsrtdedhiodiner 3D
illumination reflected by the wafer 12 can be reflected in different directions
heigll dReARy B8 tRRPLATALEE Msrsidngs (Re/ig A9 kP s Ettuctural and
geometrical variations on the wafer 10 12 can cause the thin line illumination
to. be reflected by the wafer 12 in different directions (otherwise known as .

Praferpblyidhcor imRim{ationy 1P HiANiRE ARAGAIRSBRYrotoMer Hy Tty e capyLing a

coieEyRaiRY thsbefl 0ED asseRb iy S8mMBpIe tEpeeifieahyndie: reliestarof captured
assembly 80 is configured for capturing thin line 15 illumination_ reflected in
3 imses &ﬁetéﬁoﬁ%@Qramﬁ?iﬂggéhsc%lﬁs&@ﬁm% BERBh s dmpges. The

st@RIr7ORNors esmpBserfd@and a Segonahitir of Hisisali pEEMS Boctkitiadmage
step 758, reflected thin ling illumination travels a}llongaéyvo ptical paths,
CaRUHCRY U ARSEOME P RH i SCB DY RN By MRS HFE Gair of mirrors or

prﬁsms 82 ar}d a second .optical path via, or as directed by, 'ghe gecond pair of
P ESRURCER? R 2 et s pezen et R e
exthipling iMeminption tleng differtosnimbereptcalpaihgesiedliress Tire 3D
WiIED ST ING rocess T8 eninces dccuraty of defect detecan by The method 400.
The 3D wafer scanning process 700 provides details 3D metrological details such
coplanarity, height of three-dimensional structures such as solder balls, gold bumps,

warpage of individual die of the wafer 12 as well as of the entire wafer 12.

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

as required.

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

750 is as shown in FIG. 26.
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25 optical path passes through the objective lens 58 in a step 760. The two
thin line illuminations passing through_the 3D profile objective lens 58 are
collimated. The first pair of mirrors orSF?risms 82 and the second pair of
mirrors or prisms 84 are preferably symmetrically positioned. 30 In a step

In793tdhersvealiinaieshhitDing b ripatipesRassgstuoudhl the-tubenlatsion is
60. The two thin line illuminations then _enters the 3D profile camera 56 in a

supplis 9 . PheBBteadifEP NS SRR ALYBERARIg BF the dvitscihiffinghe thin line
ilikminons e he inage rRPpUHR I3RS 3P RIDECEABRIAE. 80. The

Focusing of the two thin line illuminations onto the image capture plane of |
refleste PRI R Afhisral sEatvuteknopt el Hmipiec el 8B BrofiRiHagePsts™
sethip. wafer 12 in a step 766. 5 The multiple view 3D profile image of the wafer

12 is converted to image signals and transmitted to the CPU in a step 768. In

a step 770, the multiple view 3D profile image is processed by the CPU for at

Inlgassporss ofhd[hheiahy imaasiHiiog, is @RfRRad Y yiBaskHTBg| 2detasting anenination
classi in? a defect, Preferablﬁthe steps 752 to 770 can be repeated any 10

refgietisePo Yol TaptmE Becti e sBHaTRRt dinrisians frmsRre s ihg surface

prifiRges thty angetitingFhieckarmpR anainig ral mdes dheaptaechmiidnieori e Hafer
images to the CPU, and processing the corresponding number of multiple
ﬁiil,\ fglient

12680 $81n g8 shd Apif B IRRD, Lpe R 1616t ishnls 3B

diRCAIANG M0aSS kiRl s ehalissoaagturenvhmidiiple view 3D images of the
wafer 12 using a single 3D image capture device 56. In other words, the
second 3D wafer scanning process 750 enables capture of images having

ThiuliigelMianmsaabihe Meaied b tkach Rk theigrdtglieyipwehofrciie it iiptenmvieveo.
3D images captured represents illumjnagion, reflecied by the wafer 12in a .
MgReRBA dFB oD ARt ARG vkl SOSAUtr e AARBHTES (g line
ilIgRitmagesrelebadnt muliipiteviginscabike Raferabh),intpyondlaqourasyeaibiye 80

3D profiling or inspection of the wafer, éz. I%gddition, the use of the two.

< StACHRY lbadéiﬂﬁﬁ‘éHOFﬁiPFoPé%Pi)ﬁ A% SO APA T AHI SY TR RaRITmS 34
InreflegpesBoraftbaadatdn I éitiffereniodiresionsiiapewe-opieeiegaHios caphvl a

ﬁr?%/ (}g‘gcgppg%a\%g,coape}g Eﬁrgcet\éicf gys,?helt 1ris|tI It))z?lr 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 optical paths

as required.

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

symmetrically positioned.

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

The two thin line illuminations then enters the 3D profile camera 56 in a step 764. The



10

15

20

25

30

understood by a person skilled in the art that the reflector assembly 80 can
be configured 25 for directing illumination reflected from the wafer 12 in
multiple directions (for example, two, ?ﬁree, four and five directions) to be
captured by a single exposure of the 3D image capture device 56. To

tubRaehesVRMBWS Of RS2 e tREOR af iy &ies S1knBXIRINOR REBRIS LS ture

30 expensive, bulky and comélicated_ setup by usin%multiple image capture

plaps Riethepile ROt fABSHRIStediqsiite Of ihrdreorPindirscilyrijatigaonto the

InRQRRSISIROLY pethEnoin BPDSTiRtesmiRes s8YeRabtodhRuRUEIRIR IPRI®Iew 3D
capture devices. This is to say, the dispersion of illumination due to structural

prgﬁ@ GRBRGREite VAR 8 tFR Qirface of the wafer 12 typically results in
inaccuracies in single view images captured of the wafer 12. 5 To overcome
the variation of the strength and weakness (i.e. the dispersion) of the

The Aadiielc e ol freiNairasthel fhesuafdySrelt aEriHlde iashatmpr!s and
trd@fiaried dane drowatesidg melifieteatslivectignsialbpieaptuwetd it Hage is

image capture device 56. More specifically, the system 10 utilizes the

PrRSARED AT 89161 leedinifg Shd aifeethg e inmisanthn e ssar e

deidervafendl 2l Rsiiffieeat direstionsréeiynegugit 14 collertvrc aptuepdaretheny
3D image_capture device 56. This helps to improve accuracy of 3D profiling

NUPRFTNSh NG 10 tHRPIARS oS R RIS B WIAINE cinfBEY Rl re Spetiticaifges:

trdher3iinmageceaptpm diayicrhbealse grbances Eps angvsppamesiicienty aPU,
the system é?% Furthermgre, the ability to uae a single objective lens and a

ang; RS SR TRe dHsCaH T AR e R NP S R RV IR Y 58 2 R ens 60) for

capturing multiple views of the wafer 12 15 enhances ease and accuracy of

cali%r, tion.f\,lls er com Iethon of the first 3D wafer scanning process 700 or the750

i TS T S et gt S R S

endlatienptand dlassifipasionsy tBErechn brethealeifd2 Obiaingdbyinaeamingge
B I R RN S0 PSRl T s OURD S,
capalesiationagba lievieymehipraotionspeatihinwasten 220 dArefatabiyultisiereidaw of
oS HRen S s e reeaonho et g dccon,
a ddfdere pestins Capture of multiple view 3D images of the wafer 12 (i.e. 3D images
having multiple views of the wafer 12) improve accuracy of the 3D profiling or
inspection of the wafer 12. In addition, the use of the two symmetrically positioned
mirrors or prisms 82 and 84 enables illumination reflected from the 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 wafer 12 in multiple directions (for example,
two, three, four and five directions) to be captured by a single exposure of the 3D image

capture device 56.

To receive two views of the same profile of wafers 12, existing equipments use
expensive, bulky and complicated setup by using multiple image capture devices. Due to

the inconsistent profile of wafers 12, reflected rays do not consistently return in a pre-
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along the review scan motion path is calculated or determined in the step
420. The defect 25 image capture posijtions as calculated in the step 420
preferably correspond with the locatiohs on the wafer 12 at which defects
were detected (i.e. the DROI of the wafer 12) during the steps 416 and 418.

dekRrhaten 492 eiithe @xamMa: Method Aadcalt SRy i5ayieny PIRCESersion

800 is 30 performed. The review process 800 enables review of defects

of dHtwptedf P iHec R pEwr e brfl AamstEral a2 tioaTevidhy prossobls wafer 12
ty PREURSTYIR 1A 16384 RNea6Fed i sinpIede-800ma 2 S& arNst Medea8Q0k and a

third mode 800c. A process flow chart of the exemplary review process 800
is shown in FIG. 27. Exemplary review process 800 5 As previously

Tdnentiensd, the (avisWvRrocens 8ROnRIRfRRb GRMRESaS ITHRE dRYEWOon) of the
modes, namely the first mode 800a, the second mode 800b and the third

refiestrd govc G e EsD, theatrsrraseisn. L0 sRebiRe Huningindstsctikirom

theeesRe mogeBatkandtheioirt medap3iRae) by seiestedmhdHgitModRvice 56.
800a of the Review Process 800 In a step 804 of the first mode 800a of the

Mpzgishepiocls 860 SHIEERY st driiBssaHts tridlcsieo At imaGe S bifal fheetving and

difiefactsidleiretenl dLing fhetePbynage Ao e SSindipraeasdifidions e siddeiuent
the step 416 of the method 400 are colaf‘séglidated and saved. 15 In a step

COBGBIIYFie UIHED RSt Ah LT e RIEEI S Khd BECUTIRRi 4GRS BietRg-uracy of

3pipfecisngeiriciegatitheowatewiRare Uleaded ol agisfesreeiomorexirongéally
storage or server foy an offline review. In a step 808, the wafer 12 (i.e. the

the e H RS SPRTTS I BYECH ARt SBIENPET TS LFRS L ARY SPRF TS SBES A thsrdysiem

10oBgeHReiaotdhthavabaitstack20aantgthebjaievdable dedby diglsabivéiceasn(in this
a step 810, each of the st 804 to 808 is repeated for the second wafer.
o AR (58101 D A P ST RIS OF e wafer 12

entiepenrding andhecudoyuat afivatess. of the wafer stack 20. Repetition of the
step 804 to 810 results in 25 consolidation and saving of the first images and
second images obtained for each wafer of the wafer stack 20, and the

Afiplaadipgeabiheffitst imMaged andfthesatong priages,7the the second 3D wafer
scanning process 750, all the detected defects, and the locations and classifications
thereof, on the wafer 12 obtained by performing the steps 416 and 418 are preferably
consolidated. The consolidation of the defects, and the 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
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 as calculated in the step 420 preferably correspond with the
locations on the wafer 12 at which defects were detected (i.e. the DROI of the wafer 12)
during the steps 416 and 418.

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

and 418. Preferably, the review process 800 occurs via at least one of a first mode 800a, a
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external storage or server for an offline review. It will be appreciated by a
person skilled in the art that the first mgde 800a of the review process 800
enables automated performance of tt?é8 steps 804 to 810 without need for
user intervention and without 30 affecting production. The first mode 800a of
sctRBdeNiRN Srosesd aRiRllawace0tinuNgridyrsionr vihilsruse %Q@tﬂ}%ﬂﬁmé'{?iew
offline review of saved images. In addition, the first 59 mode 800a of the
pPrpsgievi (St sceheran Héeddes system 10 utilization as well as productivity.
Second Mode 800b of the Review Process 800 5 In a step 820 the second
mode 800b of the review process 800, a number of review images is
E e SYIBW AN eSS fect image capture positions as calculated in the
ASBRVARIMBTehSBREHICAlY rév TeV robEgh iRl doirpRes Bnd aniaview Waskfieldew
image are_ captured at each of the defect image capturegp];sitions as

medtsufisraahinthiee st 999 llaghresseanthiagd St And didbishepdafofe- Ina

stdp @0k - aThisiésvionsay & ke\iaw tidamitiieldole Boagethsing Miphtiieldsoob and the
illuminator 62 and a review darkfield image using the darkfield illuminator 64

thigrbmods §e P s5195'88tect as detected or identified by the 2D image

processing process 600 of the step 416. Each of the number of review
images is captur
FigstNMode, 8002, ol iba REwaw, Bracess 804 5 ored image. 15 It will be understood
Ingys'fep_@_@lbﬁkﬁu;eﬂrbﬂ i_hw_@iars}opao%fc_tﬁﬁ g&%&ﬁl@@mlpsoog Bhf%tmgmlg@gm and the
escription that intensities of the brightfield illumination and darkfie
S BT &fe%ffﬁ?ecéﬁmﬁ Wéts%gﬁﬁﬂaﬁjtfsv@%%e@a?ﬁf%mam 600
peigvigwd imdgesdeanecsivaly mayodel oeteraisgdlantuaiddasdequired. For
example, the 20 intensities of illumination used for capturing the number of
review images may be selected based on type of wafer defect the user of the
Insystepnsde, whshes toliemienaad hasddios tire geataiibkefonafendgdslbistadsdefects

ossiple to capture multiple review images usjng various cqmbinations and
R S S8 oI EHGH LI A RIS T IR SEA R ver for

anUus@line review.

AT Pl

In a step 808, the wafer 12 (i.e. the current wafer 12 on the wafer table 16) is unloaded
and a second wafer is loaded from the wafer stack 20 onto the wafer table 16 by the

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
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 of the review process 800 enables automated
performance of the steps 804 to 810 without need for user intervention and without
affecting production. The first mode 800a of the review process 800 allows continuing

production while user can perform offline review of saved images. In addition, the first
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25 In a step 822, the number of review images captured at each of the defect
image capture positions as calculated jn 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
m&&Evendar efflime reMirwy inR&SP B34 30rEiel &/stan 820 i Malgr 42 (&l as
the current wafer 12 on the wafer table 16) is unloaded and a second wafer
PrRARGAYER -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 wafer. Consalidated and saved first images and second images
SPRRMode BOQR-LANG BRVIRW SXO6eRS Giller are uploaded to the external
InSAO§RGE FA0SAHY 8bchth 586 BUDINSE en8(Rhi ok theo@yie 80P AL as$nBeP othReview
steps. 820 to 828 can be repeated any number of times, dependin%on the

IMRgRTE caPREE A 67ERQ Wkl dertimpse RENUItIBASHIIRE LispL 8ot i shs step
4aESMisinspebERlidistion Rt savinehaidhe eapierad 19 hrghifikhitavi@Wmage are

images and darkfield review images obtained for each wafer 12 of the wafer

capiiEidZH cany G TR GRFHTARTHEE RS S AN GHEWRIESHE ffager A Hene
re@XRrNahstoragrIR sen®r tor anwiflinerRyiew. ke seeorgymose BA0bofHiTR1d
. review process 800 allows continuing production while 15 user ¢an perform
M3 TR, RN B A UUPRIRGEY, Fha RSRHHoUEERIS BR96E Faigne darkfield
illﬁﬁﬁlﬁg_ﬁﬁr &0 a4 Iclxvup_tﬁaé@ittrfnf@aaaht; gbﬂ‘&ﬂ m@@e&@fﬁaaﬁh if?e[ﬁﬁeieat yﬁrkt]gelsm image
combhinations illuminations for offline review without affecting machine
PO RN BPoeit;lepﬁ%au%iEﬂa HhiIVBAE SHOE ETthEnRETTanseptured
byRRCRSS8OMbhe ¢hpdmade @000 Préfadelyicwddrocess Baavsr pefevallyimages
. Initialized. by a manual input, more specifically an input or command by the
15 @I§é’i°fﬁ {'S¥85840, 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 Qr reviews the first review 25 brightfield
1 A R 0 SR A BFGRBHTHARF heelrsgre of the

present description that intensities of the brightfield illumination and darkfield

illumination used for capturing the brightfield review images and darkfield review
images respectively may be determined and varied as required. For example, the
intensities of illumination used for capturing the number of review images may be
selected based on type of wafer defect the user of the system 10 wishes to review or
based on the material of 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
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.
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review brightfield image and the first review darkfield image are displayed on
a screen or monitor for facilitating visual inspection thereof by the user. The
user is able to view the defect at diffe?@nt illumination combination using the
brightfield and the darkfield illuminator. 30 61 In a step 844, the user either

InacSRPIS Y, reiewarer 1eciassifiextheAlefegtraresrardngdotathe fistidelfehded
image capture position. The steps 840 to 844 are then sequentially repeated

ang acseeRnsh &by deaded ifiagethaptarer pirdtion? srtedhamaderiffble Lepy the
roBéfe Hakienthaisters 84 te-f4b aresaaventiallyyeneateisfor eaehael for the

every defect ima;ge capture positions, positive defects and their
1

segpaekiritiiochens CBASBNALHET R s A RTSRteinages qidefects detected
orc@RsRldated ABd.saupr Rasitiveieiecin andoiagl slagsitications are then

uploaded or transferred to the external storage or server in a step 848. In the
third mode 800c of the review process 800, the wafer 12 (i.e. the current

Inwafeedeh@mihie B0ovaletHakbieid®) froenly snioadedapianthe GoRpletivd epeated

the step 846, Accordingly, it will be apprecijated by a person skilled in the art

any, AYREshiR] HOWS seteBiie PAVity BHBREEsHedIAfes hihtotftisafack 20.

RéPasesce OHBRu O selfactipasthesvisial iInshRIRAH deyiewiahesCthywaigtured
15 In a step 848 of the review process 800, the wafer. 12 (i.e. the current
bl e RS AR AHOIEIS GRS DABEsbt AR R Afthe

wilenslaad e, satb kb waieh dntodhehwalest tabig kb dhanhhesvadar istagks2@o the
T‘?r]lﬁ‘?iteps 840 to 848 g)re repeated any number of times depending on the
¢ SHO5H8HATerE T he Yy 6 fitlmber of wafers in the wafer stack

20). 20 It will be understood by a person skilled in the art with the disclosure
rovided by the description above that the first mode 800a and the second | .
T SHECBIOB S B FGISAE OB SRGIL & TSR0 T Amfaon while
usepranlistatinm sidhiagaancwploading iafagaptiredsnagembadrsoextiernat review
storagsggqﬁr rver. The first mqde 8Q0a and the sgc&i}g 25 mode 800b
4 ri

PrP&fve R e LSRN EE I & 8 YBEQUS fipgnbinations

illetiiins for offline review without affecting machine utilization and improves

productivity.

Third Mode 800c of the Review Process 800

The third mode 800c of the review process 800 is preferably initialized by a manual
input, more specifically an input or command by the user. In a step 840, the user captures
a first review brightfield image and a first review darkfield image at a first defect 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
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

1lluminator.
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storage or server for offline review of the captured images as and when
required. The first mode 800a and the second mode 800b enable continuous
review of each of the wafers 12 of théWafer stack 20, or the continuous
image capture, consolidation, upload and storage. 30 It will be appreciated by

In@ REISAs ke d 8 tenarthapwhite Galys threscIRURWMRA8Ste ReIBRding to
first mode 800a, the second mode 800b and the third mode 800c¢ are

thejddiidsdes ifRage prRYERIRRSEPDISRC SRS KNt th fife dremnagauentially

reSERRI@YoR LG BRAAPHKRYIEN (RFORRSSE S0 L RS SIoRS HYBARLIAAS @I the step 420.
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

ARBCEE HRBLIER 16\48W MOdesuBRRN; B0RRRACE00 MaxdevgaifigetPifage

altered as required using methods known in the art without departing from the

CapHYSePFI AL raSi vishth ARfeNiE Parisiiong drentvRviaRsplidaks and

saB8Qiveriigs sigfetts, antddhaaedatinsaatlpslassiigationsathereat, a@sssifications
consolidated and saved in a steﬁ)é%%. The verified defects, and 10 the

argo themonrloas Ligs SRRsFENTS fReto e EnRb MOt ISERE sV AP ERNEHn Hethe

thilataRaAsBO0dHAhEXSTBR slatRasemteemasy Bpace tiheunafe Wik IS Idhe

dated in the step 426. As previously described, each of the captured
VB AIE i BL) BHFRABET 4R TR BT YR O pecPritgy - il

becapinspnding golgerdefskance ar deferenaeati o fr dIatifiog of the review
detecting defects on the wafer 12. The exemplary reference image creation

PTG ERTBIES OVAIA Ey HI78 PRESERE iAL RIS RS LFING Hiesugginspection or

refaeilitgtesctreation or derivation of such reference images. It will be
understood by a person skilled in the art that the reference image creation
process 900 can also be referred to as a training process. 20 As previously
Indesaipoetl efcheofeiiev? Procightiol] inngaser? D DibA toagetn vEIeA]12 on the

ima captured ijur'n the %%W fer scanni cess 500 are, preferabl
VHERLADE I HEIP QoG el S THAGIEG Lre i By i Tefepdvater
onithale wedatioiblpro6essmIBe. wifer stack 20. The steps 840 to 848 are repeated any
number of times depending on the number of wafers to be inspected (or number of wafers

in the wafer stack 20).

It will be understood by a person skilled in the art with the disclosure provided by the
description above that the first mode 800a and the second mode 800b of the review
process 800 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
mode 800a and the second mode 800b enable continuous review of each of the wafers 12

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
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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 afd reference images is provided below.
Firstly, subpixel alignment of the selected working image is performed using

in KMRWRIRIRT REEFREHICINGeRLH NRIIEAIRABO 19t P80 AGRRMVPSeview
pads and other unique patterns. Secondly, the reference Intensities of the

PrRgsRig ImdiGEs st terations camerkinstisnsqetdhnins@smbgadsotdptutaree

rePR$ItIaDaag00aldateshd RoIbemvwaitoR RiwalibehiniRieraaintepsiiassdared
_each of the pluralitkl of pixels of each Workina;l’ma e of the wafer 12 is
af S

in fatetthifeash ntiahd Besisriste aqsisafios RBRAM)T Perartifed or
alitenaiiies oeaehing tneusalieh pixels of aashovodkingtimageafitescope of

wafer 12 is then calculated. An 5 appropriate reference image for comparing
the, PrASERMREEI® the working image (or reference images for comparing with
the working images) is then selected. The appropriate reference image is
A %?ferably selected from the multiple reference images _ created by the

T RE TATIRES Q4B POERSRIORRSS RERareEichiified fof b Hipagiasipns and

clyviimiveeidip ghisnagesrae salaatesibagen vl thex cadpulated phwatityea@fdefects, and
statistical 10 parameters. The CPU is prefer%%‘ﬁro rammed for enablin
8

the &fsiBRSY Elavaidiioh Ve siprop s FatalenBBHGE B Ihichif¢latabase
or'WRIkingk teragiedatibase camparpeyospnaiciiae wier erspeiiftieallyipthecE RUthe step
referably programmed for selecting reference images for 15 comparison
ith working images based on the calculated plurality of statistical
parameters. Preferably, the calculation, and storage, of the normalized

average or geometric mean, standard devijation, maximu minimum
A R RS TS Gy SCB  EEaTAnD RaP S ares s oL (REAEGT il DLA
infgfesencedmpges byithearelatenssdmageoticationcprocess A0Gkamdaneasse for
. .speed and accuracy of selecting or extracting the 20 appropriate reference .
i PSSR T Mo cO e BaP b SRt gnage creation
pracastitad e datie dayedehppixehoiiatirkingivagansFiaen saltiatacks Thation
antitative data is for example normalized average or geometric 3
or g G STt A e e RS T e gt ar

thavahkingfdraageinidy@ creation process 900 can also be referred to as a training process.

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.

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

intensities of the working images of the wafer 12 captured at predetermined image
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25 quantitative data values for each pixel of the working image is then
referenced or checked against corresponding data values of each pixel of
the selected reference image. Compatrison of quantitative data values
between pixels of the working image and pixels of the reference image

caBiabIgssaRAtfligationQIAeIe s ARE debesis (RiRIAY b IR BradetsrmiRasks for
threshold values are set by the user. Difference between the quantitative

caghaf\BR W ET Pk elstixthical srcihg RHde dreepictiderAtrdidrs igiarmiprd. A
plarimasehedi Gt gaingidle edatepninged toreghaichvalesnWitBsaneeath of the

multiplicative, additive and a constant value. If the difference between the

PlyfaARYitafive Heta SaltRed o BTKEIE oftRES Workig WiHEGe! Antt piidls G higted. An

apisttpyeneetmasseis Bragtefdhanilinmredetemningdstivaahgld walnasg asebctor
%defects) is flagged. 5 The predetermined threshold value can be varied as
re

Dfed RS Sly CORPS Rl etethiffisd HPBSHSII RS hs Valiey foflected. The
apPEPRSHNG SiftRaRRCIRIthes PatheshAPQeléttadidiban tleenpiRdetersfingtte images

threshold value is preferably varied as required depending on type of defect

CIE8BE DRedbCHER IRt I WATaH T Brsehtdd roR iesBEdmAgF L éPr comparison

withimioatiap Gangisionse Futhesn desdheopredeterminre:threshalgyvalpesmayical
be altered depending on a customer's or more generally the semiconductor

PHARRENs, requirements. An exemplary system 10 and an exemplary method
400 for inspecting semiconductor wafers are described above. A person

skilled in the aré provided with the description 15 atiove will understand that
Theie Phoaiff RIGHT I8 Yh & SETERTED A8 (IS RHBE o S0P AP Be SHEHE WiHuthe
appenaitingréfererite iscgReoMhr Prasenbikigntions & ahlexanopiepsequaneatohed.

steps of the method 400, and the sequence of steps of processes 500, 600,
A e s R R R e e
coifipapiesenkitventiaangOithigan bhjedtiva oftihecalsirmdl panalietbo dsdiotical

of the present. inyention to enaple accurate and cost-effective inspection of
G AT B o P I TS Pho By TR averze or
geautomatestinspaatida Of Wweafsisyrihrisyate mnlO mndihenmatbedd 0@ oute ely
K the wafer is in rqotion enhances ef icien%y f the ir%s ectian of WﬁerEFThi%f‘sél

NoREh AR S HHL 78 T VRSB 18 GRTLIY n<§a fd SEe;Sﬁﬁf‘g R RN
inBlgartreation process 900 enhances speed and accuracy of selecting or extracting the

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

Corresponding quantitative data for each pixel of the working image is then calculated.
The quantitative data is for example normalized average or geometric mean, standard
deviation, maximum and minimum intensities of each pixel of the working image. The
quantitative data values for each pixel of the working image is then referenced or checked

against corresponding data values of each pixel of the selected reference image.

Comparison of quantitative data values between pixels of the working image and pixels
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 are matched
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25 inspection position for image capture thereof, and for subsequent
acceleration and transport of the wafer from the inspection position after the
images have been captured, as with éveral existing semiconductor wafer
inspection systems. Known image offsets between multiple image captures

agiasllitate preasssinmed ihecshpluresinagas tonheeinigpiratidefeedthat and a
may be present therein. The offset relative to the particular set of 30 images

copsitank sife Hdhs: ditpsrasaiesetinais e wetiptiaylakientine pheixels of the
wéiainaies Afdhsidalest imtheswaiatanthagubsegrantytihe RRSHRAGEREed

wafer in the entire frame. 65 The offset is preferably determined by reading

thipgheldostiessy a1detesh 95dr iRk aftsecdisplacement 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

Then afirdr teenmcl ehrsthaldiiciting ns8he Jecariisdvarer Trepstdior siRrahly. the
préfRechaiHed erstopsl by aRerseariddlieg ifhaiap thatdbeciine-GnalHanizatonin

of jma;?He captures can be altered as required. More specifically, the

adgitions e AR B chtdyasBold Al sar el ghas sAmy gt fgpending on

typeograauteableocanrtraieictedcompensnter fanifage ofiseémedvesn hgection, or
captured images. The system 10 and method 400 ol%the 10 present invention

TR RALLRR SRSy MRV ioN HBEGHELT GRS B HaMiVAtSh ARy be altered

deP¥poBigres PtesuespRNGingINagR GHRitHe daviaasliRiciaptuing’ of icgageméats.
minimize degradation of inspection quality. llluminations used with the
system 10 can be in the full visible spectrum of light for 15 capture of

AgrRanges-gualinimagesd ateasiign of itwaoatioroafd theiecombisatiefsuctor
supplied for capture of images by the. system 10 can be easily s Iecte&gnd :
AR R B O ARORS R e B0 HEE At B, Qs gition
abdetestd imberdehdated thnatedidicatitis wafer sustniogedayiomesaier 400 may be

inspection. The system 1Tg§and metﬁ d 400 provided byrﬁhe present

Ao AN LB RS BT S5 GRS HERSL B SERBIE R PP Sopence of
stopafef e chamaly sispf3D fheofideusnages vibjle dhervedesed 309 n600INTNOTTED, 800

n?g éﬁm 10 fthedo e%ent 'énver%tion has an optical setug, which does no%.

arg s e it S AR et £ Ehs SPop e R e byention

structure or characteristics.
It is an objective of the system 10 and method 400 of the present invention to enable
accurate and cost-effective inspection of semiconductor components, for example wafers.
The ability for an automated inspection of wafers by the system 10 and the method 400
while the wafer is in motion enhances efficiency of the inspection of wafers. This is
because time is not wasted for decelerating and stopping of individual wafers at an
inspection position for image capture thereof, and for subsequent acceleration and
transport of the wafer from the inspection 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 wafer enables the software to accurately determine the co-ordinates

of the defect in the wafer and, subsequently, the position of the wafer in the entire frame.
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In addition, the use of tube lenses 36, 38, 60, 72 with the system 10 enables
ease of 25 reconfiguration and design of the system 10. The use of tube
lenses 36, 38, 60, 72 enhances ease B¥ introduction of optical components
and accessories into the system 10, more specifically between objective

THENSRR AR Prabigstivadens MEEBaNsmiAndhe uRR0nRRS 36ba B X2ind Y

30 The system 10 of the present invention comprises vibration isolators 24

digplrsBRAN KB A dsiseshin Al sHBeh AhissAyarstintire Ahg deiRetreegefects. In

addilIStions (@&her Ik amakls 66 T8 ViR MisAlBIRIs AAVMRIP 2.0 RIAIRRCE two
%qualit of images captured by the first image capture device 32, the second
e

s Qe sn [op e (Bias &'eEAEFY 8 XHAAHESPECHAR-image
capture device 62, and thus the accuracy of defect detection. In addition, the
XY table of the system 10 enables accurate displacement and alignment of

It il plie P updosiondebing RiEptabHIpb LB, Ak hattmpEpsasyfighronization of

inPaskeipunel, existpg refeienceciiage. daoHatpecHGIeAtnR PiAE&SERronization
requires manual selection of "good" wafers, resulting in relative jnaccuracies

may, §e induGd i B g s PARL Y e O SRR AR RIF AR IR i iy ppensate
fowafeizinspretioatiscta adyisrlalfeaieds Theesysiem 10 and methaw 4600 &f the

the present inventjon achieves enhanced C{uali y of inspection hy creatin

! / g
PrrSeafdR¥EHRaS WhisS SREHE AV BsenbR gL O sr sYaRly LIy petion and
ex[@RatEs Wwalesedhrh teigraneee Nee C/@aies PecrptudRg atlaws:tarto minimize
app({iﬁcation of different thresholds of intensities across different locations of

degfadptes oI SELe B ting non-linear illumination variations across the

wafer 12. 15 The method 400 therefore facilitates reduction in false or

unwanted detection of defects and ultimately an enhanced quality of wafe
e g g ey A TR o I
captuanalytickdnoedieuaritpaiiviaes. thatesayasesirefaienon immagesiwidbmbinations

captured images of unknown quality 20 wafers. The present invention also
SUBRiF e oR SR JERREE Bt LAY el S by SRR IS F A A 2
reqiidigdapzediimageactoss wolldngimages dndtealereipe ofMrges;.dbe detected,
m t;fggﬁgﬂlvee% Rl aomated roview Made Withaut Sianificantythod 400

provided by the present invention also enables measurement of height of 3D elements on

the wafer, and analysis of 3D profile images while the wafer 12 is moving.

The system 10 of the present invention has an optical setup, which does not require
frequent spatial reconfigurations to cater to changes in wafer structure or characteristics.
In addition, the use of tube lenses 36, 38, 60, 72 with the system 10 enables ease of
reconfiguration and design of the system 10. The use of tube lenses 36, 38, 60, 72
enhances ease of introduction of optical components and accessories into the system 10,
more specifically between objective lenses 40 or objective lens mechanism and the tube

lenses 36, 38, 60, 72.

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.
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25 production or inspection of wafers. In addition, the present invention helps
improve system or machine utilization., Existing equipment or inspection
systems typically offer only manual review mode, which requires the
operator to decide or determine each and every defect manually and while

TIROVHHRIGAA TR IARLDFS RNEhRATBENAISNSy tar i BXaCoRI AIFfRIreNtthe first image
illumination intensities. 30 67 In the foregoing manner, an exemplary ssystem

caphycateuicsmpidRy AsamstiRiehSpRERGeEshRbRE IRk SaRera 56 and the

reCRVAARRRsHAvIded Ry emhadineRteefdhaRigsenUiTventdoRc@68. In addition,
described. The exemplary system and method addresses at least one of the

this&iedable pfobremsteadd plablasmsg eam LsRlGeRMhapd aishragatah g ter

12mepdsiasimpatianeporitibihe 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
AYdbeipRPRr e tack gelsn skitad inthemid imyirwalythisibsdastieh thalcesses

numerous changes and/or modifications can be made without departing from
regh St dpRnaAt SRS indBRon™ {5 15T B 4B 68laEginAgCKacies and

infoathaehe N PRSIGY &RRItHIag fihsktvagecofanypfequnierod firseeamipastion is
illumipatign; ¢ ptlﬁring a second image of the wafer under a second,contr%st
€S

adg SRR rRsc CatheoP e RS i imRaBA A i LAt oREF MinNEREAhA
enhdiQAdgadIcyvar elspeitiothsyfitet comirastellmay natigR ARdiHdaseeansl selection
.contrast illumination for Qpabl('igg detection of at least one defect site in the

(1., Subjggtive selection) of “good” wafers. The reference image creation process 900
allows for application of different thresholds of intensities across different locations of
the wafer, thus accommodating non-linear illumination variations across the wafer 12.

The method 400 therefore facilitates reduction in false or unwanted detection of defects

and ultimately an enhanced quality of wafer inspection.

The present invention enables automated defect detection using an analytical model or
software that compares reference images with captured images of unknown quality
wafers. The present invention also enables automated defect detection, preferably by
performing digital analysis on digitalized images (i.e. working images and reference

images).

The present invention enables automated review mode without significantly affecting
production or inspection of wafers. In addition, the present invention helps improve
system or machine utilization. Existing equipment or inspection systems typically offer
only manual review mode, which requires the operator to decide or determine each and
every defect manually and while considering multiple factors and parameters, for

example different illumination intensities.
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second images, the wafer being spatially displaced by a predetermined

distance between the capture of the fiést image and the capture of the

second image; 10 correlating the first hd second images; and comparing the

defect sites in the first image with the defect sites in the second image for
InRIRAKEING BB identidicalionehp dafashtém IhR metheetarih fleifdd fSrediRicting

contrast illumination being brightfield 15 illumination and the first image

SCRURNYABITG MRS ARAGemRORRRITRet it d oY P RaRd meRte fdbe mEceetaYention
ardll BRI DRINGk Sagfin)dyilleMiRAdoRe Al tRIRRSENE: BRIV REHTR issues or

darkfield image. 20 4. The method as in claim 1, wherein each of the first

PreBlsmsstancihhnSoH ARG QElUSHY EEmEsemRNRiTatdRbRIFG s s gtiioned
in@h&nig bl il minatiobwidaekfialdihishsaral&ilurpissiosand dartdielst et the
angle illuminatign. 5. The method as in claim 1, the first image is captured

PTERSHY 2 YRRHER SO UnbItHIE d2t SRESHIFIHRIGE i EARRHTRENISIAG SuspRg of the

enSeNERefls o mrinasbas. in dlaimdaperfirstearpeasdlikmiaatiomant eiew of
second contrast illumination being emitted by at least one of a brightfield

S SH AT P RHEIT RSt S e RALIS hBACARAE BT £BaRa iRffnaiGheut
depattiier foch ehdadkiirlanewpid smaleiveaahand illumination emitter. 69 7.
The method as in claim 6, wherein each of the brightfield broadband
illumination emitter, the darkfield high angle broadband illumination emitter
and the darkfield low angle broadband illumination emitter emits broadband
illumination of a substantially equal wavelength spectrum. 5 8. The method
as in claim 6, the brightfield broadband illumination emitter being a flash
lamp. 9. The method as in claim 6 the brightfield broadband illumination
emitter emitting 10 white light illumination. 10. The method as in claim 1, the
identification being a positive identification of
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defect if one of the defect sites of the first image corresponds with one of the
defect sites of the second images. 15 11. The method as in claim 1, the
identification being a negative identificdtion of defect if none of the defect
sites of the first and second images correspond. 12. The method as in claim

clhigapturing the first and the second images while the 20 wafer is in motion.

1

13. A method comprising: providing a first image of a wafer, the first image

‘havirfy BI5E187 AOBRBTIEIEECt sites; 25 providing a second image of the wafer,

the second iRagaARYiIRSORRESE INPke.tafaslisitesianddhedalrmbaintn;
spatially displaced between the providing of the first and second image;

correlating tHPYHal YiseRBmpgs 1 whfer W the Rt dndeeddhFontrast

imagglLanmad0RPRIITaRbaidRfarisiiRsion theifirs! asr Withihawefatving a
sites of the second image for producing an identification of a defect; 70 14.

A meFs R pr e PR i SPIsaY e B iRaliar (e s fiegashrairast

illuminaiiginat kR ferng s Easond dotidaedf thecnafehsnigsa seeondiBentiastand
5 illumination, the first contrast illumination and the second contrast.

illumfEHBA 188RROTg HE R RRIRSIRANRRSBRiAgETeRY BT eI B Aiptance
secoperinaag e tapunaderineine: spatialindisplassioy Readetprmingst:;

distance between the capfure of the first image and the capture of the

second ima§eT et isE S s SRRt it es: and 10 comparing the

defect sites dorpariinst iRRagewitbithe idedectizieminghevisecanddmagstrin the

producing an iden%ification ofade,f(?ct._ 5. A system comprising:
second 1mage for producing an identificationof a defect.

The method as in claim 1, the first contrast illumination being brightfield

illumination and the first image being a brightfield image.

The method as in claim 1, the second contrast illumination being darkfield

illumination and the second image being a darkfield image.

The method as in claim 1, wherein each of the first contrast illumination and the
second contrast illumination being at least one of brightfield illumination,

darkfield high angle illumination and darkfield low angle illumination.

The method as in claim 1, the first image is captured using a first sensor and the

second image is captured using a second sensor.

The method as in claim 5, the first contrast illumination and the second contrast
illumination being emitted by at least one of a brightfield broadband illumination
emitter, a darkfield high angle broadband illumination emitter and a darkfield low

angle broadband illumination emitter.



a first image capture module for capturing a first image of a wafer; 15 a
second image capture module for capturing a second image of the wafer, the
wafer being spatially displaced by a predetermined distance between the
capture of the first image and the capture of the second image; and a defect

7.site cpRRRAiHen MAadWRiGPYPIeRIR heafirst Aid BRcANSLIMBARdSAMUIimination
module, the defect site comparison module for correlating the first and 20

secoftlititagBniattHe!d fugaragis Becadmdor bainater, CBipary eoekdicld
site dgteciadiin theafitshinagewithienathendetastisitesletpatadiinthpaasond a

image and producing an identification of a defect therefrom. 16. The system

as in%‘l'%?Fﬁ“f’@,HﬁO REHHRRE SR BIHBut module coupled to the 25 defect
site comparison module for sorting the wafer based on the identification from
the defect site comparison module. 17. The system as in claim 16, the .

8-identiffeatiRiiioding @ sHumme itertieliiisidraadadiimamineneridcsipeing a

deteglgshimh first image corresponds with the defect 30 site detected in the
second image and the identification being a negative identification of a

defect otherwise. 71 18. The system as in claim 17, the output module

9. comprigemathisat RUIP YIRS BB gt erches bt PR W g Emitting
sorted to the first output node when the identification is a positive

identHBUGEUHIUARARARSr being sorted to the second 5 node when the
identification is a negative identification. 19. The system as in claim 15,

wherein the first image capture module and the second image captur: )
modd eréB%‘i{}‘é BtoddbaHd ihuﬁrHFné 1&388&??%“& 'ﬂwB%ﬂ%tV“irﬁ f‘d@%\ﬁ?}lﬂ{b(’f

secoqefrtageorRspe ey elytetd s Titelsy siemias i JairespOndvheiginoiieof the
broagib?nd illumination is at least one of brightfield illumination, darkfield high
anglé'flGRh M OSM'EW% angle illumination. 15 21. The system as

in claim 20, further comprising:

11. The method as in claim 1, the identification being a negative identification of

defect if none of the defect sites of the first and second images correspond.

12. The method as in claim 1, capturing the first and the second images while the

wafer is in motion.

13. A method comprising:

providing a first image of a wafer, the first image having one or more
defect sites;

providing a second image of the wafer, the second image having one or
more defect sites and the wafer being spatially displaced between the providing of
the first and second image;

correlating the spatial displacement of the wafer with the first and second
image; and

comparing the defect sites of the first image with the defect sites of the

second image for producing an identification of a defect;
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at least one of a brightfield broadband illumination emitter, a darkfield high
angle broadband illumination emitter and a darkfield low angle broadband
illumination emitter, each of the brightﬁ |d broadband illumination emitter,
darkfield high angle broadband illumination emitter and darkfield low angle 20
broadband illumination emitter for emitting the at least one of brightfield

illumination, darkfield high angle illumination and darkfield low angle
14jumiftdhigthogsomprising:

15.

16.

17.

capturing a first image of a wafer under a first contrast illumination;

capturing a second image of the wafer under a second contrast
illumination, the first contrast illumination and the second contrast illumination
for enabling detection of at least one defect site in the first and second images, the
wafer being spatially displaced by a predetermined distance between the capture
of the first image and the capture of the second image;

correlating the first and second images; and

comparing the defect sites in the first image with the defect sites in the

second image for producing an identification of a defect.

A system comprising:

a first image capture module for capturing a first image of a wafer;

a second image capture module for capturing a second image of the wafer,
the wafer being spatially displaced by a predetermined distance between the
capture of the first image and the capture of the second image; and

a defect site comparison module coupled to the first and second image
capture module, the defect site comparison module for correlating the first and
second image with the spatial displacement of the wafer, comparing a defect site
detected in the first image with another defect site detected in the second image

and producing an identification of a defect therefrom.

The system as in claim 15, further comprising an output module coupled to the
defect site comparison module for sorting the wafer based on the identification

from the defect site comparison module.

The system as in claim 16, the identification being a positive identification of a
defect when the defect site detected in the first image corresponds with the defect
site detected in the second image and the identification being a negative

identification of a defect otherwise.
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19.

20.

21.

71

The system as in claim 17, the output module comprises a first output node and a
second output node, the wafer being sorted to the first output node when the
identification is a positive identification and the wafer being sorted to the second

node when the identification is a negative identification.

The system as in claim 15, wherein the first image capture module and the second
image capture module receives broadband illumination for capture of the first

image and the second image respectively.

The system as in claim 19, wherein the broadband illumination is at least one of
brightfield illumination, darkfield high angle illumination and darkfield low angle

illumination.

The system as in claim 20, further comprising:

at least one of a brightfield broadband illumination emitter, a darkfield
high angle broadband illumination emitter and a darkfield low angle broadband
illumination emitter, each of the brightfield broadband illumination emitter,
darkfield high angle broadband illumination emitter and darkfield low angle
broadband illumination emitter for emitting the at least one of brightfield
illumination, darkfield high angle illumination and darkfield low angle

illumination.
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