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

wafer fabrication techniquesTTang Ree SPRTHOD! Y (RO INSIEHCTTNGCr ACKHNISFAD increasing number of
features into a smaller surface area of the semiconductor wafer. Accordingly, the photolithographic

processes 15 used for semiconductor wafer fabrication have become more sophisticated to allow the
incorporationridereasiagipgmber 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 dn sERFBRIBHHERSTSRISRTGINLAIN f YemiBsBRclP RUBRGeD MRy Tl Yvident that
manufacturejise OhsaBHEORMRRIMWARESShAY€aAN MESSRASHAT Yy Paasing] NaRIhialiNier oMR FeiMeonductor
wafer quality control and inspection procedures to ensure a consistently high quality of manufactured
semiconductsPRARILCSERMERBERr wafers are typically inspected for detecting defects thereon, such
as presence of surface 25 particulates, imperfections, undulations and other irregularities. Such defects
could affect eventual performance of the semiconductor wafer. Therefore, it is critical to eliminate or
extract defedtRAXSEMREnductor wafers during the manufacturing of semiconductor wafers. 2 mechanical

handling sysi@ns.baue heesaemissensstentl Ragiitieongsamjcoiduciaifaaiesdnspecliomsysiems,
methods and techniques have historically utined at Ietast ong g,f brightfield illumination, darlﬁield
iIIumination gﬂalg%%F’flﬁngW{@@ﬁn%a@é?n uctor waters an 1€S, 1S 1ncreas1ng1y crucial 1n the

semiconductor industry. Semiconductor wafer fabrication techniques have been
consistently improved for incorporating an increasing number of features into a smaller
surface area of the semiconductor wafer. Accordingly, the photolithographic processes

15 used for semiconductor wafer fabrication have become more sophisticated to allow 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.

20
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

25  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.

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

example, higher resolution imaging systems, faster computers, and enhanced precision



5With brightfield imaging, small particles on the semiconductor wafer scatter light away from a collecting
aperture of an image capture device, thereby resultiné; in a reduction of returned energy to the image
capture device. When the patrticle is small in comparison with the optical point spread function of a lens or
digitalizing pixel, brightfield energy from the immediate areas surrounding the particle generally contribute

a large amou phnkh PRATANTE Rliveio Hhe: RREICDMRaLs M fa aking dheoRastial R Siidicut o gRtect In

addition, the very small reduction in energy due to the small particle size is often masked by reflectivity

variations froRRFRIRANIEHRINS afeiBodbodRdl (Rehpigieteherdbsioasatbing iithdrébdetboBarfinces of

false defect dgtagtien ilia.AueNcNe-iRE @RGNERaneMalEs RN enRGWstalinghestion systems have been
equipped with high-end cameras with larger 15 resolutions, which capture images of smaller surface

areas of the semiconductor wafer. Brightfield images generally have a better pixel contrast and this is
advantageougitarasiatind sizef defects.and whentespesiiod drtlkdrigetscRaskiigkt imaging and its

advantages are generally well-known in the art. Darkfield 20 imaging has been employed with_several

existing semitYRdURYF PRSEHEC RO ALVLRN S PR A S AR HP Y edlilr @ db aradisHIRE hingle at

which light raysuakel iBgidentonibenphie dajaulre inspactavhat tdophaneadaadpiizestapprog of the
object to be insgected for example 3 to 30 degrees), darkfield imaging typically produces a dark image

except at lockHBHE AR BriptsS R, BOgifm el HAFE LS HHARGSEIGhLESE BB L IREF Sregularities
exist. A partigdlartbsengheaiittielt inagioangiie ligbtpdridrieetemhicbosizasiarae smallehthan dne resolving
power of lens used tq produce brightfield ima%(,as. At a higher a%k?g%gﬁ%hor'zontal plane (for example

) :

30 to 85°dedrRES) FRIPRNEIPIMERHS pitreDroeriias Bt edelecb JhpdeEiPty brightfield

images. A paiticuay uaei0fsdabddighaegledaddictd imaginglephantesiceniastafl swtace sregularities

on a 30mirror finish or transparent object. In addition, high angle darkfield imaging enhances imaging of
tilted objects 'L EiGAPr&fE f\?ﬁ’ﬁ%@t‘ﬂeﬂ%%m ﬁt&af‘iﬂg;ﬂaéfﬂ@ﬁleié%ﬁfﬁﬁﬁdﬁ §%ﬁ' calfttfeet Bh quality of

images obtainedaid eaalireh&rigbtfieltanddarkiield imaging .ocsettomicidanovagRestiteiues present
on the semiconductar wafer affect the SI\igght rﬁflecgv% of the sem'c.ogduc or wafers. .gﬁnerally, amount
of light reflectal By {HE ' QEAMRRSTHBOYF IR 'S TarR AR BR A i oF GHYRBrINCladrhight, the
viewing 3lirectigsmaioa she light sgftectivinagdsthe suedhee ot the seaiconductenikaiedudibe Wighirreflectivity is
intur depeqdent on weyelenalh.of e fneidentight and materal compgelion gt the semiopnductor

estimating size of defects and when inspecting dark defects.

Darkfield imaging and its advantages are generally well-known in the art. Darkfield
20  imaging has been employed with several existing semiconductor wafer inspection
systems. Darkfield imaging typically depends on the angle at which light rays are
incident on the object to be inspected. At a low angle to a horizontal plane of the object to
be inspected (for example 3 to 30 degrees), darkfield imaging typically produces a dark
image except at locations where defects, such as surface particulates, imperfections and
25  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
30  mirror finish or transparent object. In addition, high angle darkfield imaging enhances

imaging of tilted objects.



10 It is generally difficult to control the light reflectivity of semiconductor wafers presented for inspection.
This is because the semiconductor wafer may consist of several layers of material. Each layer of material
may transmit different wavelengths of light differently? for example at different speeds. In addition, layers
may have different light 15 permeabilities, or even reflectivity. Accordingly, it will be apparent to a person
skilled in the art that the use of light or illumination of a single wavelength or a narrow band of
wavelengths typically adversely affects quality of captured images. Need for fre&uent modification of the

single wavelbHGBHERAYEW Maiha StWSORIKIRhE pbgUireictibe st sprirfeers BrliiXelength

tuners, whichfisngeRemineORYaNiatt. ofdALRMIRIE 24 aH&TPIP ISP ! BothRRERBNIN® Haga broadband
illumination (i.e. illumination of a broad or wide range of Wavelengths), for example broadband illumination

of a range of WRRIEhRHS B hBerPSobrRIRdUrsvoNYATSE raagshribsibighhairslysE YibportatSor achieving

high quality kpagesdscwetlvatior Geadnspecing fEoTIRERONEIOF WIS th WikhAdvida JRn e R surface
reflectivities. In addition, defect detection capabilities of wafer inspection systems will gene.rally be

enhanced by JB@CBPH]Hfti% HGrHcRIcaaed Gieidmtdialt dheeiamine Jisertenand thghi#id and
darkfield illupinesions; bKigiigunater Syaieneninctiaubriketdepicelly denatatibaeiijuminatians of multiple
angles and with a full broadband wavelength. 4 Currently available wafer inspection systems or
equipments HBHIEP L onE b aneHongivitly mrtilas (BrbcmRdingastithisYaBpYHe8s alriig wafer
inspection: (dgriMedhigle ivnaggceapture Devices with Multiple llluminations (MICD) 5The MICD uses a
pluralit)ﬁl of image capture devices and a plurality of illuminations. The MCID is based on the principle of
segme (ﬁng the wavelength spectrum into narrow bands, and allocating each segmented wavelength

spectrum to inghviehiahilly im0 Eutiog esight oéBysiemns srepioyngitheMiGRmpibedieach image
capture device is paired wijth a corresponding illumination (i.e..illumination source), together with 10
correspondi 8655&%"1%?&@6%8%5 ea%%%f&{ﬁg’ilﬁﬂ%tf)ﬁ(?”é‘fgbé’&ﬁlI§P88‘e§fe# 63 ]sﬂﬂﬁ‘fésr.qf’or example,
wavelength afdee arightieldyidiuotinationas dimitedhativeeiedaQ wH0RAMHISHTgiaHnerterynaig lamp and a

spatial filter and the wavelength of the darkfield jllumination is limited between 650 to 700nm using lasers.
The MICD r8indd BRBcHooU SR IvaREsgs, Fr ASSte LHAHOr Hbe HLEHS GREFS rafElie

inflexibility Ifeim&tstaivsdesigresicauiigiratiansoktia gjetiorimbg eppdadity tis Hpasoallykduel ta varying
surface reflectivities of inspected semiconductor wafers, combined with the use of illuminatjons with
o wavd SR TS BHb CoBITHIER AT B S RA By BPHE GYRIePh oecurs
because thevmodiicationygfithl ywakeiseiihtfasiggid ilumniogiiored sachyath Ne sysiefretypically requires
ically does

reconfiguration f%the entir tﬁ tical . 20 setll:g Of%}the system. In ﬂ?d(%jytion’ e:fue IY#ﬁCD method ty§
not easily enBBIRTEATRIbA R MECHY 810500 HAURTa gtk By LA I aG4 LSS dhvice without

compromisinguhplguplityabfit@piuredavekpgshatiless spact of gapitaliygiovagesient. To alleviate

20  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

25  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.

30



(2) Single Image Capture Device with Multiple llluminations (SICD) 25 The SICD method uses a single
image capture device for capturing multiple iIIuminatigns, 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 otpeFWAMHSVRGRSICRMethes QHYRHOWSNS BOHHPNRAOR IRSABNIBIVERS Jhethe

semiconductor wafer is in motion. Tq achieve multiple illumination responses, the SICD method requires
capture of imMalR¥ ik Rethl S AARILBHAE PN WPATSF IR SISERHIP S WIS HBEES Mroughput of the wafer
inspection system. Semiconductor wafer inspection systems employing simultaneous, independent,
on-the- 5 fly imﬁe capture using broadband bti%htfield illumination and darkfield illumination, or in

general mulipleVitiinlvaienes GrPUEIRy st ikt NIy Erle SurainerasSMIE Rt presently available due to

a relative lacknefMNdprstapdiptagit) eciHRlinpismeniationsand apsisting stvanagasoiieraef. 10 As
described ahove, existing semiconductor wafer inspection systems typically employ either MICD or SICD.

Equipments Wb%ﬁnaai% PR A RSPl S brser RS BGi oMeY Sl b sk R R AT WErior image
quality and ipflgxibilifyl inRystep setHpermsaniiguratiorn@n thew@iher daimdisanicandbsiagouafer
inspection systems using SICD experience diminished system throughput and are incapable of obtaining
on-the-fly 1591 HRRasSEs Phot R RRN e S RARE AT ASS ) YEm S HFuttor wafer
optical inspegiiesi sysi@mathedrutiljzesibethibiahtiets illgmination aataasklietd)illuspnater isigisclosed in
US Patent No. 5,822,055 (KLA1). An emhodiment of the optical inspection system disclosed in KLAL
utilizes! 90 MIETES SROBYLEBBUCRH SGESSPREES pthd iﬁ%ﬁe&?ﬁﬁ?‘s@f&n"&iécﬁ%‘f&balhﬂét’ﬂ%&&@%u|tip|e

cameras to Gphtuie Bepanaieighiialth smdbdaikfielghmadas ahsemisondusiidwaieinCaptiyed
sermiconduck ETAAL R aBer, s BENCAR e LS 1ot AL L eL BAGHASE g darkild
images simulianeaumshn is limited between 650 to 700nm using lasers. The MICD method
experiences disadvantages, for example inferior image quality and a relative inflexibility
15  in system design or configuration. The inferior image quality is generally due to varying
surface reflectivities of inspected semiconductor wafers, combined with the use of
illuminations with narrow wavelengths for inspecting the semiconductor wafers. Design
inflexibility of the system occurs because the modification of the wavelength of a single
illumination used with the system typically requires reconfiguration of the entire optical
20  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)
25 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
30 illumination response when the semiconductor wafer is in motion. To achieve multiple

illumination responses, the SICD method requires capture of images while the



25 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 segmen%ed wavelength spectrums and spatial filters. With
the optical inspection system of KLAL, one of the cameras is configured to capture darkfield images with

correspondingkize ffudidPRatrow pandilaney wminatioR andiseatahlitert AROWNSEampedsconfigured
to capture brightfield images with corresponding use of brightfield illumination and a beam splitter 6

having a spegchgFEbating. Disadvantages of the optical inspection system disclosed by KLA1 include
unsuitability thereof for imaging semiconductor wafers comprising a large variation of surface reflectivities.
This is due tg use of illuminations of segmented wavelength spectrums. The cameras are each for

capturing illUMTRSESAUSEY WHREJBEBRATHARB S WY SR rURT e Esis @ IRaRkig hieach camera

to captuse illapinatienaplureuiiple BifrpmdvayelendthisRasiums ipdenhrAcingI kapiieshinaages of
certain wafer types. For example, wafers comprising a carbon-coated layer on their first surface exhibit

poor reflectidh ERATH SRt G eIt R IniARHOF Mg IBL 4Bl KRA%SI MM B riififE d AR ation.
Accordingly, jesenpiginatinnbef BightialdelhQvlunynasiomasd higinangedackiialdiijenieationis required
for viewing certain defects on such wafers, The optical inspection system of KLAL utilizes a plurality of
illumination SREBREABINSAMELALEY LTSl The optical inspection system of KLA1 performs multiple
inspection passes (i.e. multiple scans) to thereby enable the capture of both brightfield and darkfield

images. Consequently, the throughput of the optical inspection system is 15adversely affected. Additional
exempldty eﬁ%i%tﬂ%%‘gﬁ a‘iﬁ?ﬂgﬁeﬁﬁﬁﬂ%ﬁe@h“s"ﬂﬂﬂﬁmb‘ﬁ i BRYHEINE ARERHBIE TRy Hre disclosed

in US PatentNer6/826)29% (DG 6 pth @ @ hiSdyaie M N @937 658 HABARGHZhi ki aptical
inspection systems of AUGIECH1 and 20 AUG I'ECH2 utilize a plyrality. of lasers for performing low angle
darkfield ima@’ﬁfgt,yﬁlr%@ﬁi Bp 8Wn512delﬂrdelﬁé?fcﬂJﬂﬁTH§ ﬁ@i %&F%fi&dsﬁﬁ%ﬁw@?tﬂi’a‘bﬂition, the

optical inspessigipgyaioms0 &b GIREHindndeMilleldmCio? wafeh Litiees dh singtesamaia SETBor and the
SICD method as explained.earlier. Accordingly, jnspection of semiconductor wafers by the gptical
nspection SSARHEIBH AURHECER SHTs MORAEE SH0 A P Lich B) BHGHEAELr iabing or by
darkfield imaginganstassnoaaination efthathebsightfield 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 AUGIECH?2 is not capable of simultaneous, onthe-fly, and independent
brightfield anthdaudigldimagingcAeatidinglyionultifde gagsesmspekackysaimichnductoewveder are

required for gam ey g R GO G L e S S or s disclosed in US Patent No. 5,822,055
(KLAT1). An embodiment of the optical inspection system disclosed in KLA1 utilizes

20 MICD as described above. The optical inspection system disclosed in KLAI 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

25  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

30 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



in lowered 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. Derivatiorn of the reference image typically involves capturing
several images of known 5 or manually selected "good" semiconductor wafers, and then applying a

statistical forngulacor tashininus dadbersbyidenivedhe referenaeimagsidisadvantagevwita the above

derivation technique is inaccuracies or inconsistencies associated with manual selection of the "good"

semiconductOr A ugs R ARINEY SBF CQ Rt g SR AR B B AR ROERA IS 88 e leFiRSm false

rejects of semigamnelSersvatres dyrdavnaecurate id0ige insansisteniraferaneasnpagRsmMitedncreasingly
complex circuit geometry of semiconductor wafers, the reliance on manual selection of "good"

semiconductt e foPRFSHVRY: retdfentdinfidedfs 5AERMiRG iffPRLER IV HEGMERIbRY particularly

with thesncrepsipg chiabity wiselams setdathesRmiconaucIxibsRECtniRdusinerd 2P eipting a golden
reference image invglves many statistical techniques and calculations. Most of existing statistical

techniques A TERIRTREPEAHR G FRER MY HROIHL. BEFFEHRY 1RF ARl C AP NS IO Sy stems or
equipment tygicaliyidse itheyRierRgeRmMganvagethesmitissiandasehdgiaiien yhen derdng a golden
reference pixel. Use of mean with standard deviation for, deriving golden reference pixels can be useful
with 20 know oW AiRefehaRHe ROR e "SHS hor ABrasEs sk et IntE HEHaa408 A8 %n S average or
mean value gfihpkeferrRcemixelioAnoinansiatistcal teehdigu e, utilizesimiadiamn fasreslugin@elaterference
due to noise pixel. However, it is not passihle, ar at least difficult, to substantially elimjnate_the effect of
noise. &istif@“%ﬂﬁ%?ﬂw%bf%h%?e%& EotprroAtes ]ﬁ)rF@HHEQS %ﬂé‘@ﬁ%@‘%??f&‘é‘é ¥5f5bhlying
varying statisticalc2 & ieshnitieasptidanaysscteonsesdignd KDAsimplesnediachfey tddueinthaialiminating
the effect of noise (i.e. error) has yetto b devis,edI Such a method wig hglg to eliminate naise pixels,
which would“AHEEE R ?%FF&%‘?Q&%&%M@%%@ UBRSALA SHETRIET H?Sré?sf%gﬁ 4¥%ining
method for ciigptiogoa gakden (iefereneipRBOaarsieke ieadbiagtaiie Use damericonducton ymafietdnspection.
The method digcclloskefd ig AUG I'E8H3 requires "ffn%wn Good u%lity" ar "Pefect Free" wafers. Selection
of such and darkfield images. Consequently, the throughput of the ‘optical inspection system 1s

15  adversely affected.

Additional exemplary existing optical inspection systems utilizing both brightfield and
darkfield imaging are disclosed in US Patent No. 6,826,298 (AUGTECH1) and US
Patent No. 6,937,753 (AUGTECH?2). The optical inspection systems of AUGTECH]1 and
20  AUGTECH2 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 AUGTECHI1 and AUGTECH?2 each utilizes a single
camera sensor and the SICD method as explained earlier. Accordingly, inspection of
semiconductor wafers by the optical inspection systems of AUGTECHI1 and
25 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 AUGTECHI1 and AUGTECH?2 is not capable of simultaneous, on-
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 lowered manufacturing throughput and an increased utilization of resources.



8 "Known Good Quality" wafers is manually or user performed. Statistical formulas or techniques are then
applied for deriving the reference image. As such, accurate and consistent selection of "Known Good
Quality" wafers is crucial for maintaining a high qualiz of semiconductor inspection. The method of AUG
IECH3 uses mean and standard 5 deviation to calculate individual pixels of the reference image.
Accordingly, presence of any defective pixel will lead to inaccurate derivation of reference pixel. The
defective pixel can_ occur due to foreign matter or other defects. Such foreign matter or defects could

adversely affBceIH I stYEIRL AXIHANS PR e IREHRAL NI o FHIRYSHRAERILE At will be
apparent to g-pgesep skiled by thenashitRah thernethed afdRAY GHatdd dissepsiviRiiRascwiasies,

inconsistencies and errors in inspection of the semicaonductor wafers. In addition, optical inspection

system disclBSEYIHORS HECHISTHRES I AZS YB3 B I (APIHIHAM STV AN S8 COAAatBr wafers. It

will be appregiaigeshbyg RRIseRSkilledd 1 Sémibenaiiddat ngensistemcipsmbepysandiferanidlashes or
strobes may occur due to numerous factors including, but not limited to, temperature differentials,

electronic incOMai e AEISSUHAYSife rEMaP Y L9 %¢ %%Bgf?ﬁ‘f@ﬁ%iﬁé‘gg%u‘éhd&?ﬁ’g@ﬂ%% Wil ifonsistencies

are inherent #ys@ \Wthvaeed tedrligeNaUctREwaiers Bresroasiabstieh diferrnitalswpowdafiect the
quality of derived golden reference images if the system 20 does_not take such differentials into

consideratioft iy b ASIuAR L S AT EERRS On & oY FariBSPSET08s SHEBT AR D AHE

semiconducteranaies therte taatensrinaleaingd Rutneidioliteshicoaifictravakknadiy e thecwatge, mounting
and light reflectivities at different positions on the surface of the semic%gduc.tor wafer. Withouétaking into

accourtthe ShdVSMHEHABhJaTaHFRTE ntERE Shd Yo reCAT A R e FUBRIFS gL ML REGTRESE A

above-describgfcoranideirmayebe tharaliablesandnnaaaukatecvibie ofuseddorseanitpadsanwitifaaptured
images at digoerent,eositicf)‘éns on the surface of the, semicond,ucior,wafers. \./i\riations in %{Eﬂrodu t

specification fSF BYHIA SRICERTRSRABRISF WSFOMUle TRASIBRIY, AU PI RS 4 d8Mmon in the

semiconductae indrsiingARcoiginalyd ddseanippatusionwatkiciospepioncsysiensyand methods need to be
capable of inspecting semiconductor wafers of different specifications. However, existing semiconductor
wafer

15  Deriving a golden reference image involves many statistical techniques and calculations.
Most of existing statistical techniques are very general and have their own merits.
Currently available optical inspection systems or equipment typically use either average
or mean together with standard deviation when deriving a golden reference pixel. Use of
mean with standard deviation for deriving golden 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 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

25  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
30  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



9 inspection systems and methods are generally incapable of satisfactorily inspecting semiconductor
wafers of a wide range of different specifications, especially given the increasing quality standards set by
the semiconductor industry. 5For example, a typical €xisting semiconductor wafer inspection system uses
a conventional optical assembly comprising components, for example cameras, illuminators, filters,

polarizers, migRssANddemsQuiNElT Rave dxrdsaatialyPesitionspéiteeridatiSmaktea qyahafcosponents of
the optical assembly generally requires rearrangement and redesign of the entire optical assembly.

Accordingly,'€ERIHA4es stfmitshatRpSEhRer seEstidhesyeierine h s xio R desigRY e ctitligurations,

and require gJiglatMealydrire daad-tgsion roedificatinnyhererks! ik addiianidistants habvearpabjective
lens of the convention optical assembly and semiconductor wafer presented for inspection is typically too

short to alloW'H44% YrSHnbenaHsIPbIBes s ddimeiredish Wik A SeigneananiheitRdard darkfield

imagings 15 dhaig @ eoneinraraus QiRen exipindssenieareiictee Walge iInapesiangysirmempedmethods.
However, because of current lack of technical expertise and operatignal know-how, existin

semiconducfSPWIHEF ihEpBEFO M SEithd st B oty ation: b &6 e e kit hd GE\W&?QB imaging for

an inspectiopiwdlileatheds@feruis i ratien. wite il ipMing:réQJesion airei eonfigeatipnaifydiexiole.
There is also a need for semiconductor wafer inspection systems and methods for enabling

resource-efft8it, #NGHIEY attErhEh e R s SRSHEHIBR et (RTINS, Y LA Rcially given
the increasingfemsmgepityiofielactrieal ghisatiny @b sepusenduaicdvafars ard the ihereasingiovrlity
standards of the semjcanductor industry. 25 Summary There is currently a Jack of semiconductor wafer

inspection sysEHESAP e RS KA A pI8y It BT g & BarkRs el ithaBind or

inspecting a Kefdeaaatictorafaier while the semiconductor wafer is in motion, in addition to facilitating
system 30configurational and design flexibility. In addition, there is need for a semiconductor wafer
inspection system wherein components thereof, for example illuminators, camera,

In addition, optical inspection system disclosed in AUGTECH3 uses a flash or strobe

lamp for illuminating the semiconductor wafers. It will be appreciated by a person skilled
15 in the art that inconsistencies between different flashes or strobes may occur due to
numerous factors including, but not limited to, temperature differentials, electronic
inconsistencies and differential flash or strobe intensities. Such differentials and
inconsistencies are inherent even with “good” semiconductor wafers. Presence of such
differentials would affect the quality of derived golden reference images if the system
20  does not take such differentials 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
25  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,
30 semiconductor wafer inspection systems and methods need to be capable of inspecting

semiconductor wafers of different specifications. However, existing semiconductor wafer



10 objective lens, filters and mirrors, have flexible and adjustable spatial interconfigurations. Given the
increasing complexity of electrical circuitry of semicopductor wafers, and the increasing quality standards
set by the semiconductor industry, accuracy and conSistency of semiconductor wafer inspection is
increasingly critical. Derivation of golden 5 references or reference images for comparison with captured

images of samisQdMctaswalersurRMtydedHreManuy salaptivl i dendasemiondpstanwafers. Such
a manual selection can result in inaccuracies and inconsistencies. in the derived reference images, and

therefore conSRRBNPHEpSEEH Gif st idsntgto PivaIEREC MRS OMe fsReal¥ e Yor itiproved

training metheds Ry geersesdnadasivingyeleransr images: tadiwhich subsequent captured images of
semiconductor wafers can be compared. The present invention seeks to address at least one of the

above-described issues. The present invention provides an inspection system and method for inspecting

semicorluctas CRIRAPRNS, IRGhuintestinot deniteshtnsemicamauceipaalens, digeml ub&D £hips and
solar wafers. The inspection system is designed for performing 2- Dimensional (2D) and 3-Dimensional

(3D) wafer irfSPXERBANA hePRIEHE ctii SRR MR HAGE d s SIGHRAITBI pe irm g AR e o ASUSEH: The 2D
wafer inspediipmisfasiitateerhy ppRERIcAimaduad Whigh GoRRrsssatileastgiwgpssiagascapture
devices. The 2D wafer inspection utilizes at least two different contrast illuminations for capturing images

of corresporidiigUSHAASPIGAN T, SHBPIB RS iEheCRBAAYs HeFBhie SR & <SBifSonductor

wafer is in metigan gideaan hrl cosapleiad withignedpass afgheasemiconslyctoswaferdine Ixwafer
inspectign is facilitated by a 3D optical module, which comprises at least one imﬁ‘ge capture device 25

and at [8ast SHR R HRSTINAIRTRPEF YR TS S BR e AerigRs itte SHOHHERER S LBlied by the

thin line illungsaies avbigtvis gikher lesetialcliaad baitid Afionihation. IauGE b dibiiscdivesiedmt the
semiconductqr wafer while the semiconductor wafer is in motjon for ca, turinglcé%rjé) images 8f the
|

semiconducfSPEsT | BIS RLH I SRRV LB PREGD TR SHE QR I8 SARA R B e e ct review
optical 30 madgleidd iNcasicandaeesith @ firkivaspecbofiihe prasanbinveatiopudhenarsdisclosed a

method com Ei [ %eapturin af'rstfim % of felr under a first contrast iIIu_min_ation_ anq capturing a
second imag @fa g%%eﬂ“ﬁfdetj% §8‘£€%&1§§?¥x§? M8, each of the first illumination and the
second fllumination having a broadband wavelength, the first
There are numerous other existing semiconductor wafer inspection systems and methods.
However, because of current lack of technical expertise and operational know-how,
existing semiconductor wafer inspection systems cannot employ simultaneous brightfield
and darkfield imaging for an inspection while the wafer is in motion, while still having
20  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.
25
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
30  configurational and design flexibility. In addition, there is need for a semiconductor

wafer inspection system wherein components thereof, for example illuminators, camera,



5 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 spaiiglly 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 segeRshimage ffelOM@dkicos: amidemiicatiandolGudeisets paREcRIdanER i snsecond

aspect of the present invention, there is disclosed a method comprising providing a first ima{%e of a wafer,

the first imadd YV G BEatRsoreRiadhsRES HE GoTHANG % Sbeohi R YRERater the second
image having,eresaid@in Staledertssite b anktham@ieakesngpatialydishiacetdbaieamtye providing

of the first and second image. The method further comprises correlating the spatial displacement of the

wafer with tHd fifSPHARMEBESRA WAkG e APRFEAMp TNt tHEHBRYt SHESHF thReHYatitRagé il i defect

sites of the seeasacbnagadaramedugingatdeentijaion ofitdeinciedAnacsstansecithiadhird aspect
of the present invention, there is disclosed a method comprising capturing a first image of a wafer under a

first contrastHiftiin SHE AN 'ESBHFIM UL e iR oY of AR aiEPIfRadr d¥e d6HE tontE tdiumination,

the first contrashillueeiiRation et thalsesansteantrstilamicsiandacienabling daiestiaBfefeatteast one
defect site in the first and second images. The wafer is spatjally displaced by a 25 predetermined
distance et HEC APt T SABSRAUERh A5BSSHA %%B{%‘?Bdbﬁﬂ%“é%fé&d*ﬁﬁﬁﬁg?%lﬁe%&hod further

comprises ceyrelagng fheifitsioved s06aAE MABES aRdpeersnRE Tortiertefectgirmie theafiest isnage with
the defect sites in the second image for producing an idenfgipcation gf a defe%. 12 second image capture
moduld Yor ARty BE SR RREG R TS Whalfdr SHY AR ISINA ST At Sy Fsﬁi%&’&rﬁa'a"g]f%determined

distance betpiegsnihigveantirecekihe fidatdmageandibeartiurew-teecsdedndimage. The system further
comprises a defect site comparison module coupled to the first and second image capture module, the

defect site comparison 5 module for correlating the first and second image with the spatial displacement

of the wafer,uempakag aitkeiecbsitprdeteeiedrn g dusbimageewithanothanhdefdot sitgsigtagted in the
second image and‘ri)g[oducin(? an identifi.cai}gcﬁ of a%defect hhereg[om. Brief Description of the Drawings 10
Exemplary eiBSSHERIL of PRRERSneRTRHAS N Hb M UABEY HRrSHTEREP Wit Feeishte WS the following

drawings, inMBIcthips and solar wafers. The inspection system is designed for performing 2-
Dimensional (2D) and 3-Dimensional (3D) wafer inspection. The inspection system is

further designed for performing defect review.

The 2D wafer inspection is facilitated by a 2D optical module, which comprises at least
20  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
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, 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

30 module.



FIG.1 shows a partial plan view of an exemplary system for inspecting wafers according to an exemplary
embodiment of the present invention; FIG. 2 shows ipartial isometric view of the system of FIG. 1; FIG. 3
shows an exploded partial isometric view of an optic ]rinspection 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 systenhofdclirish@ceardingiRvigpecBohinblighteddnnvlaids, thdrlGis ARSI pxaleded partial

isometric view of a robotic wafer handler of the system 250f FIG. 1 according to view "C" highlighted in

FIG. 2; FIG. ®UHSRO S rBped furidnesmatrit walhoradf/afe 6t AOrdduil SriRsps v of FIG. 1

according tocyigwrity' Highbghteshine DGhe wikFiad& shRwsna pastiabfroniviewm e, tbecpRIfaakinspection
head of the system of FIG. 1; FIG. 9 shows optical ray paths of illumination between a brightfield
g%f@apture

iiluminator, dfStv BSRgIa ARG dNATERARIOH YrHRN ah dy HiseriBraafinmh a8y clemedhiths

device and aspeidimagacaptine deviceaidhasiateniehi&iok FCeddima Hewehaitsf an exemplary
first ray path followed by the brightfield illumination supplied bg/ the brightfield illuminator of FIG. 9; 10

FIG. 11 is a facr(6HSh WikethBhar/ sbaBd teaP pathsifokBE Bttie dhily Aighasgi8YIRimination
supplied by fiedighanede dassielbdliwernatey efftise 8f 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

10 producing an identification of a defect.

In accordance with a second aspect of the present invention, there is disclosed a method
comprising providing a first image 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 more
15  defect sites and the wafer being spatially displaced between the providing of the first and
second image. The method further comprises 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.

20  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

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
comparing the defect sites in the first image with the defect sites in the second image for

producing an identification of a defect.

30 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



FIG. 12 is a flowchart of an exemplary third ray path followed by the darkfield low angle 15illumination
supplied by the low angle darkfield illuminator of FIG. 9; FIG. 13 shows optical ray path of illumination
between a thin line illuminator and a 3D image captL}r’)e device or camera of the system of FIG. 1; 20FIG.
14 shows optical ray path of illumination between a review brightfield illuminator, a review darkfield

illuminator aggtenteMiGd RRIECAVUEdBY CH I e SYSEBRY 9alie of ihdWardkp iR avileweRark of an

exemplary fourth rayﬁ%ath followed by brightfield illumination between the review brightfield illuminator and

the review iRy L4 dispéroesiby g @rsgtrEminedrdistanesibet s cha repiuR A& Pahy mage 2Bpath
followed by darkfipld i wninatiepohatesk thadeviawdarkfieiciluprivaior aredthgrexaydmage capture

device of FIG. 14; 14 FIG. 18 is aé;\axrocess flowchart of an exempla% reference image creation process for

creating refeRSRRSiFRsRAd S Ber S b AP AR M HRARE SR ES BrofBLE ot s (56 R EATRRABF Me method of

FIG. 1755 Fiedi@iS@ Rueasaflowmsingiomdian fxemplary imoidingasipasgwaieescaniieg process
with timing offset performed in a method step of the method of FIG. 17; ~ FIG, 20 shows a table of

illumination QGHAGEANBH AR5 1Y drisnisehindheAEd LoAsg Mtk wikredslest iito eistet. FiG. 21

shows a timipgiehastdan cantisind pfaificsh snmagehifibaitisbimagecapitergavice and capturing of a
second image by the second image capture device performed in the two-dimensioned wafer scanning

process of FIG. 19; 15 FIG. 22a shows the first image captured by the first image capture device of FIG.
1; FIG. 22b gheDiarsptendbiMaapEapikesd by the second image capture device of FIG. 1;

10  Exemplary embodiments of the present invention are described hereinafter with reference

to the following drawings, in which:

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

to an exemplary embodiment of the present invention;

15
FIG. 2 shows a partial isometric view of the system of FIG.1;
FIG. 3 shows an exploded partial isometric view of an optical inspection head of the
system of FIG. 1 according to view “A” highlighted in FIG. 2;

20

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

25  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;

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

FIG.1;



20 FIG. 22c shows a combined first image of FIG. 22a and second image of FIG. 22b for demonstrating
image offset due to the capture of the first image and the second image when the wafer is moving;

FIG. 23 is a process flow diagram of an exemplary two dimensional image processing 25 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; 15 FIG. 26 is a process flow diagram of a second exemplary three dimensional wafer scanning
process perfolhetshPY hicRABHStENGY g dhdtR 0Bt iesPestiahheadEths pystern RS ddEE Fow diagram of
an exemplary review process performed in a method step of the method of FIG. 17. Detailed Description
The inspection of semiconductor components, for example semiconductar wafers and 10 dies, is an

increasingly EHtica ey SRS dh huRsth ref dH HpHaLaBrPe it MR L dsainaivs . ardeasing
complexsty ofiife Uitk At REMIGRMUEIOTMAIRT Sazau Riask il INaiedsine qualitysiandardspiare
semiconductor wafers, has led to an increasing need for improved semiconductor wafer inspection
systems and'AY&RAAL 25 ¢pRI e en R 4951¢ of rmedraudibIGarer inspection systems and
methods capable of employing both brightfield and darkfield imaging simultaneously for performing
onthe-fly inspection of semjconductor wafers, while providing configurational or desig)g flexibility. In

addition, thefe®s Aded 1dr HURHRRTE U AERR AR Ui SyEn QliYeth B¥nlorskiatitddeot, for

example illuminaiaesiopasmepasds yMraaicagivle dewieeso20fajectyve lens, filters and mirrors, have
flexible and adjustable spatial interconfigurations. Given the increasing complexity of electrical circuitry of

semicorHuctor wafers, and the increasing quality standards set by the semiconductor industry, accuracy
and consistercy. afl semiervdieiorovafeeteapestioriiicreagnalyditical Berhatiankeéigalian references

or reference images for comparison with captured images of semiconductor 25 wafers currently require
manual selett® uﬁ’b%‘”?%’hﬁ’@iﬁ%&&ﬁ%ﬁ gn E&%rgfﬂﬁ QUGS ‘éﬁr‘ﬁ résult 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
R A K e R T T S G A

15  illumination supplied by the low angle 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;

20  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

25  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;

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

provided by the present invention;



16 The present invention provides exemplary systems and methods for inspecting semiconductor
components for addressing at least one of the above-jdentified issues. For purposes of brevity and clarity,
the description of the present invention is limited 5 r} reinafter to systems and methods for inspecting
semiconductor wafers. It will however be understood by a person skilled in the art that this does not
preclude the present invention from other applications where fundamental principles prevalent among the
various embodiments of the present invention such as operational, functional or performance

characteristiE&Grd $quira0%est RIRpst 0fe8y Stsmelany THstRbc BRasfder Aty RFREpIedeht invention
can be useddRriNSPREING QhBhSEMISEN EBICtInGRAMPORE M S IREH hgnhul RiHIR IIRERmsa¥conductor

dies, LED chi?s and solar wafers. An exemplary system 10 for inspecting semiconductor wafers 12 as
shown in FIG! themeiary ofifStolided according to a first embodiment of the present invention. The
system 515 10 can also be used for inspecting other semiconductor devices or components as required.
Preferably, the system 10 comprises an optical inspection head 141%15 shown in FIG. 3), a wafer

transportation table ¢ WatErERtidioTs Hagarbwh 1 ErsmRaLy rbporimeRriPrachaafe s (A iown in FIG.

5), a wafer staskemaddiaidd (@sshawerioriiéel i@)anfinodraetasseitetvalderian XY displacement table
22, and at least one set of quad 20vibration 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. Prefa@bho thigoaptiaatiprpettinnheadidd confitisesoadrighifielddllbminatorudénadomw angle
darkfield illuminator 28 and a high 25 angle darkfield illuminator 30. It will be understood by a person
skilled 1 the°8 lﬁ%&ﬂo‘?ﬁ&%?ﬁé‘?ﬂfi@%’ niinators 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 I ield iljlumi ' ingl kfield.illumi hich
high angle cpfKfel et 0T DR ISHIRIES 5 TG SIS DT i ey e

device and capturing of a second image by the second image capture device performed in
the two-dimensioned wafer scanning process of FIG. 19;

15
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;

20  FIG. 22c shows a combined first image of FIG. 22a and second image of FIG. 22b for
demonstrating image offset due to the capture of the first image and the second image

when the wafer is moving;

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

25  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;

30 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;



17 The brightfield illuminator 26, also known as a brightfield illumination source or a brightfield illumination
emitter, supplies or emits brightfield illumination or Iigﬁ:. The brightfield illuminator 26 is for example, a
flash lamp or a white light emitting diode. Preferably, the brightfield illuminator 26 supplies broadband
brightfield illumination 5 comprising wavelengths of substantially between and including 300nm and
1000nm. It will however be understood by a person skilled in the art that the brightfield illumination may
be of alternative wavelengths and optical properties. The brightfield illuminator 26 preferably comprises a

first optical it (R8t EhawriPcees thloNgHderEnh Hedrtnhe G RMRIRRISH tFadorRepER pEHE emitted
from the brigatfigith ilprodeaiYedBrinealarabhotHoa st epticahiasastFRS. a waueguide for guiding

direction of travel of brightfield illumination. Further preferably, the first optical fiber facilitates directing of
the brightfield illumination emitted from the brightfield illuminator 26. 15 The low angle darkfield illuminator

28 and te higty arpie dprsieidibwminaiansoracalsaiinsvwevasdpriéiaidjitaination saiiged or darkfield

illumination emitters, and supplies or emits darkfield illumination. Darkfield illuminators are carefully
aligned illumiHRSH m%&#ggg}vﬁch enable minimization of the quantity of directly 20 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 ofSEIIELREGERRes generally have enhanced image contrast as compared to brightfield
images. Brightéeldsieininationanit slankéiold diupinaiian) ase exanpnieseaficontassilwarsnations. 25 The
low angle darkfield illuminator 28 and the high angle darkfield illuminator 30 are for example flash lamps
or Whiti%g hElhittir SRS R & A ﬁ’i@o‘ﬁrfgﬁ'I@WH#QH%?OWS%BB%H%O&S&IP&%@%W angle

darkfield illuaungionesss anetibainig k anglexaaristielddluminatarmi@ shri@simidsropticapletopetiies as the
brightfield illuminatjon. Mare 30specifically, the darkfield illumination supplied by each of the low angle
darkfield illuﬁ?ﬂﬁi’é}n@s‘lé{ﬁ]dtlfh%aﬁf‘é‘ﬂ AN THORHESS 38% f’e?&b‘fifée%&o‘beﬁgdf"is

improved semiconductor 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 wafers, while providing configurational or design
flexibility. In addition, there is need for a semiconductor wafer inspection system wherein
components thereof, for example illuminators, cameras or image capture devices,

20  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

25  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.

30



darkfield illumination (also referred to as a darkfield broadband illumination) comprising a wavelength of
substantially between and including 300nm to 1000@ . This is to say that the brightfield illumination and
the darkfield illumination are broadband illuminations.”Alternatively, the low angle darkfield illuminator 28
and the high angle 5 darkfield illuminator 30 supply or emit darkfield illumination of different wavelengths

or other optigalPreReEtesinveatew Freleddaridieis pimingtaeRs iampsifionsdsatdlonspanale, as
compared to the high angle darkfield illuminator 30, to a horizontal plane of the semiconductor wafer 12
10 placed orftRERAHRF RIIEMROISM 1D QTS BHARAGlsash PRSP ivRferabTaldw)li e SX4ple, the low
angle darkfield illuminator 28 is preferably positioned at an angle of between three and thirty degrees to
the horizontal plane of the semiconductor wafer 12€;élaced on the wafer table 16. In addition, the high

angle darkfidigliRIFRAED O3 1e e rd Ml Hbsifidn dasstiRHUhgletdt BERFOLANHAY U dightsdive degrees
to a horzontabRlanrefioLE thensamicRRANSIO TV aIep & places e diewaieréabla 461 Hoaahgve-stated

angles are preferably alterable as required by adjusting the position of each of the low angle darkfield

illuminator 28%aHBASEPRgh Bt gi@eanRrsklfAntin dier b Bt Hhist ¥0es N P Wi khe I8 TRt Rinator 28
and the high gnglgsiandieldbihemippies30 =0 wreferahiv campisesiphsopebandihischopgiaakfiber (not

shown) through which the darkfield jllumination travels before being emitted therefrom. Both the second

and third optlRE5e FIROAHRR Y a0E JHieP TSP LM R i of FraistiRBA a SO ation

through each@fihadow angiedaitisldilvminaior2g anshipe highsaaelesdakiglchdlupinaiae80. In
addition, the second optical fiber facilitates directing of the 25 darkfield illumination emitted from the low
angle dQricridly SRS ngﬁﬂﬂ%ec?ﬁil%eoﬁ?ga MRSt Rl P Yarka it ination

emitted fromiibridigh anoiedarkiieldd]lvwminandtr Hwninaivospppieddy eagbref 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. 19 The wavelength spectrums of both the

brightfield illumisatiaplarcs dgaegiialol it mipatons spiaiesadlyenhaites docw 3bywih insPEStipamnd defect
detection ofr[ﬂ}eégsafers 12, Broadband illumij atio[%é)(g ferably enables identification of a wide range of

wafer defec RFOVEISHRPSORTAE e AdERy it it e B B LA R ERE R HE ™ both 5
the brightfieldolluminasorbaneéderdarkdigiet illhiminationseirabliizthe idspretiosr of shgpuviars 1 to be

performed inde .enéll tofr Iec&iﬂ\ée characteristics.of the wafer 12. This means that the detection of
Gefocts on (REUIATEr L2 KT oty Aot HLTRELFAN IS SAS IR aiel oA e es or
reflectivenessiGr palarizatieruahiperweter thBltoddifferfentcilukinatian ywavwalandgtis. 40, Rrafesably,
intensities of the bri r%ﬂieliI illumipation a ;ij he darkfield illuminatio Iie?éb the hrj héield illuminator
26 and the d‘é{?%ffehigﬂ i %t@?ssg%‘,vgdr}éq 6}e§?v8|§v ?‘%ﬁ ggcgé%%iigge M%F (ngsl?e%{ﬁre depending on
wafer 12 chdihatéristicsafostexaoipée, matkridl dinplsieiace coasing oiibewwatsr die Iseadtigon) the
intensiaﬁs of .15 each o{ tthe qu tfi%ld ilumi iop alaqf:?ﬁr \}ileld iluminations can be selected and varied
as required fo rearti]ﬁ)élr%é?n% %]rﬁa It a(%fslrﬁgélelg Capturédof the Wafer 12, and for enhancing quality or
accuracy of inspection of the wafer 12.

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

25  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.

30



As shown in FIG. 7 to FIG. 9, the system 10 further comprises a first image capture 20 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 deb ce 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 illumipatpicéRne highaaele darkiisiditieminaton 36k Bigbtiahand-grkfigduppinations 25
received by or entering the first image capture device 32 is gr;eferablﬁi focused onto a first image capture

plane (not sKEWRYIRIA dAymIRAGPR AT RSN eHRBIRS aRfe St tRRIE cith A Bupikrdig o ightiohRreceived by
or entering the gaeeRH iiMadetaPy esdRyieR 3dpis Piefiasabixmigcusaddie SesoRslimagieapture plane

(not shown) for capture of conrespondi,n]g images. 20 The first image capture device 32 and the second
image captuPacEId S e SR il HBHBLH 7 atitPBH Eo i RHOEEL, PF ek 4B B3 device

32 and #ie sesapdmage caphisitderiam dmra 1 inatie i Enawidas meas caRiuresne@ulrs or image
sensors. Preferably, the ability to capture, using single or three chip color sensor, color images of 5 the

wafer 12 enHRAE A% BRdeBrord Byad pernanspiaberdn dbrert diatelifobn g P eldaiimRingeRbility to

capture colopimpagest aftthgaiaiarh2ipretasally Hsls torspetis.false detection of defects on the wafer 12,
and correspondingly false rejection thereof. 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 comprisesageaend tunailens: 3&ipresevliihdbhesesang magegrpiudeevice Sdovnach of the

first tube lens 36 and the second tube lens 38 preferably share comman optical ch ragteristics and

functiond. AdR gl PiGB tHfise ReHEKEedd AHUMBAIRTE HadHaBEIt ths st SIBEIEnE 9B 4h8 the second
tube lens 38tsaiplyidnr puipnses0Delapifctis pbiretivalensickd Mmaghanisnak comprisgsidentonber of
objective lenses 40, for example four ohjective lenses 40. The objective lenses 40 are collectively
mounted on & SFBIEBUS Eﬁ@s@ﬁ#&ﬁhﬁ?ﬁ&‘é‘?}%?ﬁ% éi’ﬁ%‘i%ﬁ’feﬁi 0 ’ﬂ?o‘{ﬁﬁ‘goB&SPﬂ of the
number of olpjestivecléinge40dkeviaaringRebtiQhtpekitian (hvhabavemiaewvaioml Zhpositigngeldor
inspection. T, eg%%'ectiéglenses 40 and the rotatable mount 42 can be collectively referred to as an

200bjective 8% &ism or objective lens assembly. Each of the number objective lenses 40 is used
to achieye different magnification and is parfocal. Each of the number of objective lens 40 is preferably of

ity times. Py GLGH SRS P P 0 e oSl A0S eI AR HE O iy, 1
will howeverde unaeratasddaykdigarstamskileédnnstiecast tratiaaciridf themiumber emdlajestivedenses can
D Changed O s A e G P R RS  carefully aligned
illumination or light sources which enable minimization of the quantity of directly
20  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.
25
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
30  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



21 darkfield illumination therefrom towards the wafer 12 positioned at the inspection position. The angle
between the low angle darkfield illuminator 28 and the horizontal plane of the wafer 12 and the angle
between the high angle darkfield illuminator 30 and the horizontal plane of the wafer 12 are preferably
determined and adjustable for 5 enhancing accuracy of defect detection. Preferably, each of the low

angle darkfieighiininateniddand ne Rehaaledarkliald dvmnivaipiROihasadixgd seapalspasition with
reference to the inspection position. Alternatively, the position of each of the low angle darkfield

illuminator 28 &4YaiFagiy ATl REMFFinARErinplvd g 3B mith |OR0RRcd st thsp¥ction
position durigginoipalppgnsiian afitheisysiem M 10AsHeseaed iabavpibathdhe Brighbigld illumination

and the darkfield jlluminations are focused at the inspectign_ pasition. The brightfield illumination and the

darkfield illuthiPEREHHIORS cdSET Y S o nep8sicisig i Al natot afehnt thsy Bghpdelsn thereof,

positiongd atithefingReeiRinRES PRl S SRaVhiRFIE 1 ButhiasksiendAceompiseiadtafer stack 20 or
filmframe cassette holder. The wafer stack 20 preferably comprises slots to hold multiple wafers 12. Each

of the multipRiAvRPBIEIPLIB G entially loaded or transferred onto the wafer table 16 (as shown in FIG.
4) or wafer chuck by the robotic wafer handler 18 (as shown in FIG. 5). 20 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 PredteplfelPHtFRISE ! BrenminTSids RS dras a8 ARSHcAS ORAT 5 ' iBfied to

enables a reliphle@nd dakpesitioneiaiesiame apeandl piiamef (ethcrot shaw aniethe wafer table
16. The wafer table 16 is also preferably desi%r%e,d to handle W{afer sizes of a range between and

25incliding BREHPRNBR Y HHTHAR!M 14 ARh dvet DPHEQR YR Aa6 81 RS SV@ET R thd W E i S cement table
22 (as showthinlbWsadgandaritGeld) inviichasstabies the f[displacessrivnel the avafesiableskewacan X- and a

Sothercon. PSPETEAMFR QREESCMAR BT 1AL Sete 16, SAHEGE R eRe ST e wfer 12
placed thereg, iga¢antidlied éoriaonddtiing tine positianing oidbewalBthznddr 30 is preferably
positioned at an angle of between thirty and eighty-five degrees to a horizontal plane of
15  the semiconductor wafer 12 placed on the wafer table 16. The above-stated angles are
preferably alterable as required by adjusting the position of each of the low angle

darkfield illuminator 28 and the high angle darkfield illuminator 30.

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

20  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

25  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.

30



at the inspection position. The XY-displacement table 22 is alternatively known as an air-gap linear
positioner. The XY-displacement table 22 or air-gapoiiéwear positioner facilitates high precision
displacement of the wafer table 16 in the X- and Y- difections with minimal effect of vibration transmitted
from the rest of the system 10 to the wafer 5 table 16 and ensures smooth and accurate positioning of

the wafer 127g¢ & pRIiABNGQe AL hevbeRastinReRiDMusasRRILRS thedNdisplacement table 22

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

shocks or viBF&HEARYasBh enstrerfrheds SR Bt qlotrrhaRutstBf akeEdsoligs mounted
thereon. It wikbgipprIeniatadaey @ Rersaniskiiasli thenditidhadr Ofaltaraativadpeehatigrastesdevices

may be coupled to or used with the wafer table 16 controlling the displacement thereof, and for facilitating

high precisidiRfie"pBssMing Sifaeewelsr 4 ¥t imddbetop Seristhant & el I brthwater 12 for
detecting pogritie gefegts inarepatitnpaidonmeeshmhided Iuthemuaier draisdnipatiopectibis it @say, the

capture of images, for example brightfield images and darkfield images, of the wafer 12 preferably occurs

as the wafer" 1955 beiifoPaiSpriesrrddrssotndeispltallrbysmadrdsistiob e ifhrkr Dhay be held

stationary atrthengspactiendeesition anddiesiionafas KEGUIEaVinl Gaptet: Riglvr esolindesiimpages. Control
of displacement or movement of the wafer 12 during inspection can he 20software controlled. As

previously mEHHERER, tHE SSHHRTCTS TeRtHAF EEHPBASHS thECRrst RIiRelane8s e eidohtlbe lens 38.

Preferably, thgfibs iehsnaGifonesitenadihetween the objective lenses 40 and the first image capture
device 32. lllumination passes through the first tube 25 lens 36 before entering the first image capture
device 8. Further preferably, the second tube lens 38 is positioned between the objective lenses 40 and
the second imageabapturgcdeiiese 34. dieipinaiipielpannasnitiasghitae decanatiehe idnsahand deflected

by a mirror or prism 47 before entering the second image capjure device 34. 23 collimated. This is to say,
mination 40N BEnibr S DETALVBHEHE s SAen B cHeTH S, L EHG 4R Bt st tbe
lens 38 is collispatasiellnaucoliseaiiva el wiatieatiendogivedale toadhjasiivefens24éhandteaaic of the first
tube lens 36 and the second tupe lens 38 enhances ease and flexihility qf positjoning of each of the first
mage B ca GrE OIS SIS 01 SHCSHE AL e ERRica i FEPLERVAIS S dthentation of
the tubislensash36y, (B8 bigehdlgninatanitheaesditoakiaaasiiluimaatonsariedeigead e thadidst image
capture device 32 and the second image capture device 34 when different gbjective lenses.are used. In
it the'SJTFHATE 2 TTHTHBEOH e eSS R ko A6 boHIOr g BPaRHitfonal optcal
componentsqualit) acesssaciestintoptiie sy sttt Whfpatticularly between the objective lens 40 and each of
the first tube lens 36 and the second tube lens 38. Further preferably, the collimation of illumination

enables in-situ introduction and positioning of additional optical components or accessories into the
system 10, pasticidadityibefi@en theFoGjeofivieelepsei) anodeaedr ebihprfist tubiesteinsage amshike second

b legs SEyiiowateod o eEsnia IR e s gl AN ndion B genaeent
used in exisitagmaqipiangnis. thonger ivagdngdistadees b edveenibeabjetivadenagrant the wafer is
necessary to;lise darkfleld I minalion s el MY imination 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

25  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.

30



201t 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 reconfiguraéiﬁn 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. 25 The first tube lens 36 facilitates focusing of collimated illumination onto

the first image 3Rty ighRIR@pRIFSI YA $9E0RE {Bbshlenaa38 aplilRies TReusina plusobiTnated

illumination onto the second image capture plane. Although, tube lenses are described for use with the

system 10 iMABOSREBIQEE GO e B dpprddage Gy uacyiresh doartidbeinctradimAgt alternative

optical devicggpairen@shanismsenay-baticed faiRnahlinensadivaptian afduminationagaarasnecifically the
brighfield illumination and darkfield 24 illuminations, and the subsequent focusing thereof ontg either of

the first imade<dspiie haaBRG e RREEIt iRty Bl ST R ShEP e0E SEUY. salerirersatle capture

device 32 angdhgasecanddnmage-santurasdayieect4-aramigfaenablypepasitigrres alenrg@diacent parallel
axes. Preferably, the spatial positions of the first image capture device 32 and the second image capture

device 34 arg* 8RR e FbOitelfEIRG L SR b LB Lh R &V AFSE ilayE e 8By it 189SRd the

second imagrlsapéuseida\icacidcaiich thad trer Systaim déheepumiast Smallesjtotalreadbe. is
space-efficient). 10Preferably, the system 10 further comprises a number of beam splitters and mirrors or

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

directing thehyighjitield itluseiniiion:and4Terdriké@lichiisupinatianateasneasiafithedow ardliesdarkfield
illuminator 28 and high angle.darkfield ilbﬂﬁjnato 30. 15Preferably, the system 10 further. comprises a

centraltProcdBERY GRILTE BOY ittt a 2t8raUiom oy b ROt 1Ak L ST ST pBRYISFS essor) (not
shown). Theseddhtiisupkeferatdy edeatsicaliyncornuesitaiabigevdiprorcaeledio thechtbeticomgonents of
Imagios captUEEIB 1 Tt a5 B oSS SR R THA G SO ABAEEIAIGS 34 are.
preferably candefiiaciong. imegeGignalstanechibansmitierd tanthg Cdve been labeled the first tube
lens 36 and the second tube lens 38 solely for purposes of clarity. The objective lens
15  mechanism comprises a number of objective lenses 40, for example four objective lenses
40. The objective lenses 40 are collectively mounted on a rotatable mount 42 (as shown
in FIG. 3), which is rotatable for positioning each of the number of objective lens 40
above an inspection position (not shown) or wafer 12 positioned for inspection. The
objective lenses 40 and the rotatable mount 42 can be collectively referred to as an

20  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
25  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.

30  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



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 25 rmore 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 ofiwRfesrl 121iekithei sietartiondh dRiveradstreiliatad by gbleastQnamasualsiidon The CPU is
programmable for storing information transmitted thereto in a database. In 30addition, the CPU is

programmati&stiPreiasiiingdetiiseradhscle™ andeiderkiisld dbmirapers a8 BobPaFABY for storing

processed irfprBiane Ware Ipesiically e 2R NQSEERER; iNader Aackaefecirdgiaeiedoindlie database.
Further details regarding capture of images, processing of captured images, and detection of defects on

the wafers 19GrBBHRAR @?Smﬂf5ﬁl€\/iﬁvﬁg%dﬁreq{i%t8@f?§a§]§ep§6ﬂ@kﬂ?§d Rdnadiialin dothe

descriptin prgvided @hevesihatdhadrsahtiislddbaminatiganynitechfromigy sewplied dyitneritghtfield
illuminator 26 and the darkfield illuminations emitted from each of the low angle darkfield illuminator 28

and the hightAWgiedarde Pt s iiedy atelhehsiiate rHRRat o 0s TS rRASKE dotR UK IBSHISRA

illumination anehderkfigle:higmanglpaitibi folluatinatienraseestivelypckieachfelewstgiffrient ray path
or optical path. A flowchart of an exem Igﬂrifirst rag path 100 followed hy the brightfield jllumination is

shown in FIGS15 S SIER B2 6F thayisarr ol Bhridmilinaton orhightssdlipplied by

the reference to the inspection position during normal operation of the system 10.

10
As described above, both the brightfield illumination and the darkfield illuminations are
focused at the inspection position. The brightfield illumination and the darkfield
illuminations focused at the inspection position illuminates the wafer 12, or the portion
thereof, positioned at the inspection position.

15
As shown in FIG. 6, the system 10 comprises a wafer stack 20 or filmframe cassette
holder. The wafer stack 20 preferably comprises slots to hold multiple wafers 12. Each of
the multiple wafers 12 are sequentially loaded or transferred onto the wafer table 16 (as
shown in FIG. 4) or wafer chuck by the robotic wafer handler 18 (as shown in FIG. 5).

20  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

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 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
30 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



brightfield illuminator 26. As previously mentioned, the brightfield illumination is preferably emitted from
the first optical fiber of the brightfield illuminator 26. Eeferably, the first optical fiber directs the brightfield
illumination emitted from the brightfield illuminator 28. The brightfield illumination preferably passes
through a condenser 44. 20The condenser 44 concentrates the brightfield illumination. In a step 104, the

brightfield illymipatiQpeisitafipsiachbRy méngtrefigatins s agg-40 6§ afishmisgnaRyiahtiield Aiumination
reflected by the first reflecting surface 46 is directed towards a first beam splitter 48. 25 The first beam

splitter 48 refidR 141846 R TBRIon S the BrtRRSAMAIm iAot Striking sePe JHE M BOStEpNED6.
Preferably, the fifigtdheagh ULRIABHasRIHEE U IHEANSRISEIN0 (B/D) Rl 04R0 YO dltavilbigwever 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 SoHtMMEGth&RshelndhypEPRsaRRISEd NS firshihdiovipRcifde thranatifited

therebys 26 thbr bréghifielehlvminatinn afiected ivthe diistoaaamos piiide it is 1diregted pewwids the
inspection paosition, More specifically, the bri(%géﬁeld illumination reflected by the first beam splitter 48 is

directed tow K& thebije AEsRE RA0L RO SHsarNE Ay thp e theplasgreibii et did W alttep 108, the

brightfield illgpipaten2thisufreusadiy dhmfalisctveilans sHisaldesingpestivn wasiign®r thesvafer 12
positioned at the inspection pagsition. Brightfield illumjnation suB%%Iied by the brightfield illuminator 26, and

focused at tHRINEREAAS BOIRGH MintbieLIETRARERTSS, thEe L5edRbanYRESRBHNERE wafer
1012, positioreesasribe inspaetiaRdpesitioni: 1wi#l $eppblesithedtrightiietdol wrineation deeraftegtad by the
wafer 12 positioned at the jnspection posijtion. )
10" alternative mechanisms or devices may be coupled to or used with the wafer table 16
controlling the displacement thereof, and for facilitating high precision fine positioning of

the wafer 12 at the inspection position.

The inspection of the wafer 12 for detecting possible defects thereon is performed while
15  the wafer 12 is in motion. This is to say, the capture of images, for example brightfield
images and darkfield images, of the wafer 12 preferably occurs as the wafer 12 is being
displaced across the inspection position. Alternatively, the wafer 12 may be held
stationary at the inspection position and positioned as required to capture high-resolution
images. Control of displacement or movement of the wafer 12 during inspection can be

20  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
25 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.

30 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



Brightfield illumination reflected by the wafer 12 passes through the objective lens 40 in a step 112. As
previously mentioned, the objective lens 40 has a coyrected aberration in 15 infinity. Therefore, brightfield
illumination passing through the objective lens 40 is Tollimated by the objective lens 40. The degree of
magnification of the brightfield illumination by the magnifying lens is dependent on the magnification factor

of the objectpsiignsed0TRRBIEHEIR!dilluminatipnpess g sErvsahihepRieslivecdensrthis dicgcted

towards the first beam splitter 48. In a step 114, the brightfield illumination strikes the first beam splitter 48

and a portiofoftherEds iehfaltehit® i isrosgInthd Bt Biarsiitel inatedreiormEnBhititield
illumination tIaRSIAIRA theauah the fisflaacnsmlitier 4&1irdbe stemdl Hsdependsmorsthend/heatio of the

first beam splitter 48. Brightfield illumination transmitted 25through the first beam splitter 48 travels

towards a se€6ARAJEBAI it FRRANFRL st and Besbillyvirastiontng & steh ol dhis e eRaBfy a cubic

beam splittec§fhaving rdredetgimings RéEomtioiieseraphatbe Rifceatiouis 2eHelkivdig. Rfh¢atio may be
varied as required. The cubic beam s%litter 50 isﬁoreferred.because the_cubic_bean splitter 3050 splits

illumination FERSRPBENAERIRS MRS lSPtical patRalip whrmatedhs Beedrprednaaa By RNt skilled in

the art that tbgreendigheRiPMRTEShaRE Ol dpe eURici @ BheamBplties el ik prapide: rtiRe parformance
and alignment for this purpose. Extent of illumination reflected or transmitted by the second beam splitter

50 is depend¥ Mt AR RITORIREHE the S 8Ffd BsdmR ttEre. eacimitgnrE BRI Iumination
strikes the serabshheamspiitenasiuthiebrigatiigisiilbmminagipngditong thpheant spldaeissSeither

transm{t(’ged tzt]ceczré%tsr(l)l;?(ysgllrr]ltgrtlrl?aﬂs%/%%grcrll tlh()e,rgzg)r)(i'cularly between the objective lens 40 and each of the
first tube lens 36 and the second tube lens 38. Further preferably, the collimation of

illumination enables in-situ introduction and positioning of additional optical components

or accessories into the system 10, particularly between the objective lens 40 and each of

the first tube lens 36 and the second tube lens 38, without a need for reconfiguring the

15  rest of the system 10. In addition, this arrangement helps to achieve longer working
distance between objective lens 40 and the wafer 12, compared to that of used in existing

equipments. Longer working distances between the objective lens 40 and the wafer is

necessary to use darkfield illuminations effectively.

20 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.

25
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

30  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



Brightfield illumination transmitted through the second beam splitter 50 travels towards the first image
capture device 32. The brightfield illumination passes through the first tube lens 36 in a step 118 before
entering the first image capture device 32 in a step I20. 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 illurainatien focuse thenisbtogulist i50aaa Laris RiroeRAabiFsIEanidreRi g Reiphifield image
by the first image capture device 32. 15The brightfield image captured by the first image capture plane is

preferably cHMRRS Y G STRAYL IBgaaaPHE Riug&csRisHE e 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, 20 Brightfield illumination

reflected by tHes SB80IRRAEE SAPYSSHHEY 56 fadars tneradHE 28T SRRl Ca IR UBES 2R The
brightfiedd illyanatien pResasIramprtiesecenPiefealansis ip-aatpeskhbefare eneringthe second

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

illumination SARSYS=IYECE etoARd g costirRastaRP B FRNIG AL A SRS EY SFYHH8 second
image captuspapiapecepiables gapiseiafadeightieldevmags nthesecond image cppiveigavice 34. The
brightfield image captured by the second image capture plane is preferably converted 30into image
signals. The e Sightie st B defsuRtfy &5 LB SHERHSE thECEBY). The transmission of
image signals to the programmable controller is also known as 28 data transfer. Transferred brightfield

images are then at | asthone of procefssed by and stored in t{)]e CPU. ) .
10 Preferably, the system 10 further Comprises a number of beam splitters and mirrors or

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

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

15  Preferably, the system 10 further comprises a central processing unit (CPU) with a
storage memory or database (also known as a post processor) (not shown). The CPU is
preferably electrically communicatable with or coupled to the other components of the
system 10, for example the first image capture device 32 and the second image capture
device 34. Images captured by the first image capture device 32 and the second image

20  capture 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
25  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
30  addition, the CPU is programmable for classifying detected defects. In addition, the CPU

is preferably programmed for storing processed information, more specifically the



A flowchart of an exemplary second ray path 200 followed by the darkfield high angle 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 mentiongd, the second optical fiber preferably helps to direct
the DHA illumination supplied from the high angle darkfield illuminator 10 30. Preferably, the DHA

illumination isrgixactly feGused Rt taetsReriian PRSttievihiQut PuigRd derRiasselhiaush @ptisal
components or accessories, for example the objective lens 40. In a step 204, DHA illumination directed at

the inspectid pO&RSn RERsEER G hsAmHErers Mager PaddleiRetionribritferesn psitiaie &t f18 inspection
position. ReflesiegbPbAoiiumination from the wafer 12 passes through the objective lens 40 in a step 206.
The objective lens 40, which has a corrected aberration in infinity, collimates the DHA illumination passing
therethrough in the step 206. 20DHA illumination passing through the objective lens 40 is directed

towardssthe firgtiernapspitiaicddhyn paten 208ethm BdAflwhinaiienistikes shefisidegamoysplitter 48 and
a portion thereof is transmitted through the first beam splitter 48. The extent of transmission of the DHA

illumination HASGhBHehRelddLmmusiies-onited Lo g sYRpIP R ArerBig gl haniRatas Sitter 48. 25

DHA illuminatignisaanariited ithieushite trstiegamospbiter 46ie diwciagitonvacdsithalsasandbeam
splitter 50. In a step 210, the DHA illumination strikes the second beam splitter 50. Transmijssion or

reflection of tie’BRIRTIIHINAR Sitikiig tHE SRR baheEptErBEriS EbEndeAEEH HE K ratio of the

second beanmgplitéeHioa 2ARihAdbUritBLek traasmitiec isasigb e BrReamMdkenrasppbittes $P passes
through the firs tgbe lens ? in a step 212 beforea?ntering the first image capture device 32 in a step 214.

The firdPtub&IEh LTS WS NS DM ARYSA BRYA illumination onto the first image capture plane of

the first image capture device 32. DHA illumination focused onto

A flowchart of an exemplary first ray path 100 followed by the brightfield illumination is
shown in FIG. 10.

15 In astep 102 of the first ray path 100, brightfield illumination or light is supplied by the
brightfield illuminator 26. As previously mentioned, the brightfield illumination is
preferably emitted from the first optical fiber of the brightfield illuminator 26. Preferably,
the first optical fiber directs the brightfield illumination emitted from the brightfield
illuminator 26. The brightfield illumination preferably passes through a condenser 44.

20  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.
25

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

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



5the first image capture plane enables capture of a darkfield image, more specifically a darkfield high
angle (DHA) image by the first image capture device 32. Alternatively, DHA illumination is reflected by the
second beam splitter 50. Reflected DHA iIIuminationZ, rom the second beam splitter 50, passes through
the second tube lens 10 38 in a step 216 before entering the second image capture device 34 in a step

218. The seqopdkbefeRsi ABhRlRIOiaREEIBCAliMaies R Aplieningtioniprie dhevagaomekimage

capture plane of the second image capture device 34. DHA illumination focused onto the second image
capture placE'SiFSHRIS RAPHE drasprabigatyadle hrashtEskbitiumipation sittatriyhvatigiditiHA) image

by the secongtimagsicapig esdaviced4owards flawebpitafanr exemplaiMdhid davdRthzRR fellowed by the
darkfield low angle (DLA) illumination is shown in FIG. 12 In a step 252 of the third ray path 200, DLA

illumination I RESHREAARF RN oW dhgfeP 2 FaribifeRighHdH WBIpRE Rt d bReuidth Y ptiferably helps
to directsthe §Y;& dilenination supklipdfeydbe [Ydnole drekiieferilominatones . teéeiapbottbe DLA
illumination is directly focused at the inspection position without a need to pass through optical
componentswlé’@é’essories, for example the objective lens 40. 25In 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 oé)gctive lens 40 in a step 256.

The objectivET&REIEA WHENTHLOD SpPct duiske - REShHEIRHIRMEBIRh <ML BERIHuRhifEion passing

therethroughspte siepoLiion, 30 kiAtkbe B atiglPBESSingrEesghdhn e ahiepbmeolens e iwdisected
towards the first beam splitter 48, In a step 258, the DLA illumination strikes_the first beam splitter 48 and

a portidf thetéoPRSHEREhttedTHRERHE RRSI8aM shifftd 4801 BRehfisHAHYRILIBR &F the DLA
ilumination g the tiesivagamospdiiaoAd! st depeRgentanpdtiigor/T ratio of the first beam splitter 48.

Brightfield illumination reflected by the wafer 12 passes through the objective lens 40 in
a step 112. As previously mentioned, the objective lens 40 has a corrected aberration in
15  infinity. Therefore, brightfield illumination passing through the objective lens 40 is
collimated by the objective lens 40. The degree of magnification of the brightfield
illumination by the magnifying lens is dependent on the magnification factor of the

objective lens 40.

20  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

25  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
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 the cubic



DLA illumination transmitted through the first beam splitter 48 is directed towards the second beam
splitter 50. In a step 260, the DLA illumination strikes the second beam splitter 50. Transmission or
reflection of the DLA illumination striking the second®beam 10splitter 50 is dependent on the R/T ratio of
the second beam splitter 50. DLA illumination transmitted through the second beam splitter 50 passes

through the fitsiiulgilRRS &M dRICRILBReTEEGRIgHRTMNE filShiRaD fosaRtUIRHRICEER % a step 264.
The first tube lens 36 helps to focus the collimated DLA illumination onto the first image 15 capture plane

of the first intidbueaiiendstiedesorsiaasmitsh iy dherdearidbemid LU iseufstledlfhe enables
capture of a Rarkfiglldmageefopierspacificaly sodarkfiald high anoke; ttRIdMRas ki hestiigtimage

capture device 32. Alternatively, DLA illumination is reflected by the second beam splitter 50, Reflected

20 DLA illuntifatiBiPROMeHR SBLbHd Ybahis it 5e)d pAkeeihiush irResEoRE P IS 38 in a step

266 befgre entréingatfignSRPNRNAGESARIHEE QRMIGR3E 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, moregzasnasifiGaliandadsdiatchfighangin (Rh-Mdnagadydna speandimagetapfwiedevice 34. It

will be appreciated by a person skilled in the art from the description provided above that the DHA

illumination AMd B MR SARBEC IS blY-faISR g L Pt ot RIS ey el tBe BYSthe wafer
12. Howeverthe &ecohthraypathl 82 okiha detitfy 3l irtination antitbaldvict 3yipatkd9mf. the DLA
illumination can he individually ) P . )
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 the first image capture plane enables capture of a brightfield image by the first

image capture device 32.

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

20
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

25  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
30 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



altered as required using techniques known in the art. In addition, the angles at which the 31 DHA
illumination and the DLA illumination strike at wafer %% positioned at the inspection position may be
adjusted as required for enhancing accuracy of defeCt detection. For example, the angles at which the
DHA illumination and the DLA illumination strike at wafer 12 positioned at the inspection position may be

adjusted 5 dppeadingeentynReiu@ien d#Ragitiongek altheinsRE RN ARSHOPEEdYRA Bywaler defect
that a user of the system 10 wishes to detect. The DHA images and the DLA images capture by each of

the first ima&@%{ﬁ@%@ege 32 and the second image capture device 34 is preferably converted into
image signal, 10 which are subsequently transmitted or downloaded to the CPU. The transmission of
image signals to CPU is also known as data transfer. Transferred DHA ima%es and DLA imalges can then

be at least one B PTRE el 5 SRBlEs g HdHaYoP R 299 ras ddy g irld e 388 the first

image capturpHavigtuddandihe $eeanthireage capture 15 device 34 have predetermined spatial
positions relative each other. The use of the objective lens 40 together with the first tube lens 36 and the

second tube lens 38 facilitates the spatial positioning of the first image capture device 32 and the second

image capturg glenise @ oftindlkBusherBepappreciatad Oy iamarseshskilespinetheyamdhasotheroptical
components or accessories, for example mirrors, may be used for directin%jﬁZO the brightfield illumination,

DHA illumin&88HsHE BYRIMIRInSicr BRY IPcmEtingtHe BsatrarpdsirbisHd et aieihage capture

device 32 anghietseiand iRaAE saptuid Hes e dshlRiefarmbiie thigispatinl gasitionsinhthe ficst image
capture device 32 a fj%&he s&ond image capture device 34 a%e fixed with reference to the inspection
p

positioh) The AixeddHRRR p G iERY brHERPal PRabe ChpiliVe I96UEE 35 Sy IRPSEHIhPHVLSE capture 25
device 34 prefgiiablyenbancespkieasoape opthalacstipmeanddnaclisianey gbwatamprpeation by the
system 10. For. example, the fixed spatial positions of the first image capture device 32 and the second
image captuPGEWEE %Y Rith 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. 32 Theo t'cé{i ction head 14 of the system. 10 preferably further comprises a third
Huminator (TBrBiNSRer Eorantn (4 WEEAR (HESHIE TS EoReRen RIS IR it AR o2 S ternatively
known igs a thifidinE2illominatoniemitieredhedbitding iluminaiopd? @mpsspicaumdtsidnliHailumination.
The thin Imeiﬂllﬁjnr{lllr?a%tgrrl rzorlg leg fvevg fE)rIylg ll%ssgés through the objective lens 40 in a step 206. The

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

illumination passing therethrough in the step 206.

20  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.

25
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.

30



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

coupled 10 forar pRsHiAREshalmPRadstEtmingH PRSIt AalMM ep it D passdlumibasar &g for
directing the thin line illumination at the inspection position. The optical inspection head 14 of the system

10 preferabl{ 6 HBALE S thifcfinieryé ' galreagbrdilsiin s sArd ol isare i ditiehsional (3D)

profile camepa h6)nelfrBirafesably. bedbsntofiecamesl ifhiecEvERtheuthinding iBHwinatigrreflected by
the wafer 12. Preferably, the thin line illumination entering the 3[3)]£rofile camera 56 is focused onto a 3D

image captuf®45:5800H5t BKOWAS BaAEE Bt s g e oP e Hhrminpsior{acsssd St setup
comprising the thistlineat Ripater Hananchiide:3RaptoflercamBiRIREdS BAeWibrE 16pedidicdyThe optical
inspection head 14 further comprises an objective lens for the 3D profile camera 56 (hereinafter referred

to as a 3D prBfirdiojats anglsd BEVAT Hrags Py ARSI RS ARHUEEEVISF 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 25 a carrected aberration in infinity. Accordingly, the thin line illumination passing

through the SRR EMH (e 1UHRIBANRN by fHfiielgdHRY dBg . SeRand praanineiiekion il % durther

comprises aiibg {rOmAAGORUSEHViIHE iR A Peafile sRjee e pane Sthand ihRedodoirfilgtearsra 56. The
tube lens 60 enables focus'r&gﬁfof the collimated thin line illumination onto the 3D image capture plane.

The ustof tHE e YR80 WHlRTThE B 3B IGAS BRfiesI SRR 4RY e’ 30N Htofie cAmela%s6

facilitates flexdbim@astioning afheasonfigorasianeot shendik @rofie camein bonvaddiieretoadise of the
tube lens 60 with 33 the 3D profile objective |lens 58 and the 3D profile camera 56 enahles ease of
HlobRoREoH v thd Bl

introducing ABdRHHAPYRTEA S HPBRaTEe D! HPA8E<HREL D RIBIRRHVEYRTHS 58 and the
tube lens 60oBibhenthisetivedlimigatosfndranplibe 3paprafileapamerarSe eefatealalyi ppeeatencaoperatively
for facilitating 3D profile s ing.and inspection of the wafey 12. Preferably, the thin line illuminator 52
and the 3D SPETAR & eR IS DB L BTG A RTSOR) CUBR R b HEhrhize the
operatiph of the thin line illuminator 52 and the 3D profile camera 56. Further preferably, an automated 3D
profile ScannAn%owchart of an exemplary third ray path 250 followed by the darkfield low 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
20  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.

25 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.

30



10 and inspection of the wafer 12 is performed by the system 10. This automated 3D profile scanning and
inspection of the wafer 12 is preferably controlled by the CPU. 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 capture device 62 preferably captures color images. Alternatively, the

review imag@rapiiientienies f4Gapies MIROehiamatitinagas dlesa \irwinage GARbUMmevice 62
preferably captures review images of the wafer 12 for at least one of confirming, Qlassifging and reviewing

defect detectBYtH e Wafet'aR 228THE dphicalllHapBtSH HELES 1T PEYMPPIEE & FedRv? brightfield
illuminator 63anen2 tRMieYY darkfiglshiitieaingliRnéd feresunRtyipeahriahield ilgmimationxand dsarkfield

illumination respectively. The review image capture device 60 receives the brightfield illumination and the

darkfield illufiSEOH Soplids (e YumEdinitvimenimitatdess shbtre Riielrreadamti8Muminator

64 respgctivgly ramd-sgfested Bysthewmafelides igr 25 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 imag®rapiuigievicn eRmiaiesabiicapiues ghbeselyiafinadesiabtieiwaierd? ha4 provided
in FIG. 14. A flowchart of an, exegqolary fourth_ray path 300 followed. by the briggtfield illumination supplied

by the revieW SPhtRER i TAHIRRT 62 & SBvitin BRGDLS: SIHRIH B8 EEHEToSFIP AP35 300,
brightfield illgpination. isauppigsohytefeviRy bfightiihiluminaiash 2aTihedimghiieadlhsmination
supplied by the review brightfield illuminator 62 is directed at a first reflective surface 66. In a step 304,

the brigRtfietPIGThmAHAERE PARRLLA S ThE R PAARG 676080 PsRR! 8B!4ISE Afirected towards a beam
splitter 68. In a subsequent step 306, the brightfield illumination striking the beam splitter 10 68 is

reflected thereb d directed towards the inspection position. Extent of brightfield illymjnation reflected
by the beam%e]p%[ %@d‘&ﬁ&ﬁ{?&%ﬂ%ﬁk{ﬁ& LhESEoRp l%?@'ﬁléblét,t‘?ﬁgoo%gﬁﬁ{?(ﬁ?f‘m@ fh‘a 5N is reflected
by the waferti2e Wnpc@ion dReseabPpesitenadeatnbeninspadtipeosiionr. ddvececteotedsasohtiield

illumination passes
%e f?rst 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 image capture plane enables capture of a darkfield image, more specifically a

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

Alternatively, DLA illumination is reflected by the second beam splitter 50. Reflected
20  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

25  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
30  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



15 through a review objective lens 70 in a step 310. The review objective lens 70 may be integrated with
the objective lens mechanism or the objective lens ﬁembly. Preferably, the review objective lens 70 has
a corrected aberration in infinity. Accordingly, the braig tfield illumination passing through the review
objective lens 70 in the step 310 is collimated by the review objective lens 70. 20 In a step 312, the

brightfield illgypipatippnsthikesthadeam plitter Renandisnretties thereabis ransitissckthefethcough.
Extent of the brightfield illumination passing through the beam splitter 68 is depending on the R/T ratio of
the beam splt@FEE TREBH M tAY ifGnAdRtind tde nrpaEsed fFoGRPRAGBS AT IBEYent Foffsta step 314

before enterifgethR 2 SHGView PRI ERAPIHER gl eMiCR ICHNASBRIAL SRt igvIeWiHbehiensL /2 focuses
the collimated brightfield illumination ontg an image capture plane of the review image capture device 60.

Brightfield illLHHRERSoEHES RO NHE AR ELsAsL Hidhe GrretianiansitadphirediBdre 60
facilitates cagdpeadah geviewprightiieidimagesifioa&ien 38 indpediiéhcpdimation: alpeedirightéeld
illumination between the review objective lens 70 and the review tube lens 72 preferably facilitates ease

of introductidl§'sF ot AISER She RS ERd oishsd fRdsiiEtebetween. In addition, the collimation of the

brightfield illumination between the review objective lens 70 and the review tube lens 72 preferably
enables 5flexible positioning and reconfiguration as required of the review image capture device 60. A

flowchart of AR%eXatplARERRATANS IS5t GaRMY the GSPAEITSIENRASH ARPifedeiFthe review

darkfield illugenaiart@éd ischemimipE IGapie HVva siep Fperahthe bfhvenepatho3bhagaskdield illumination
is supplied by the review darkfiel%{illumina,tor 64. The darkfie|d illumination supplied by the review
darkfiei&’i||uﬁﬁm8%of‘f§45i%bﬁf38fk@% y RSB  Ols £9 WR IpRIRs R B R P dditibRe IHaRSBISI Y darkfield

illumination swhapbeskhylshe EMiew drkkistohilluningiarHdfis prefesahiyd IDHINasiegtahilieDnspection
position at a predetermined angle to a horizontal plane of the wafer 12. This predetermined angle is
preferably a't%@ﬁ%ﬁ@fbf%ﬂ&%ﬁ%%é%‘ﬂ}ﬁ e rh%& MY %#?&é%@&\'}\?ﬂ%eéiperson skilled in

the art. In a step 354, the darkfield illumination is reflected by the wafer 12, or portion thereof, 20

positioned at the inspection stitiocg. Thﬁﬁreﬂected darkfieéd illu i&:ati then g}%fdses through the review
objective lenS 70 Y QU S5E PR H kA s FRRHYT %\‘é‘gﬁ% RRSUGF tHECRSVIBYESHBREVE lens 70 in
the steps356deviallisiated, bypiladievigivedbipatide |8R%i0ls relative each other. The use of the

objective lens 40 together with the first tube lens 36 and the second tube lens 38
facilitates the spatial positioning of the first image capture device 32 and the second
image capture device 34. It will further be appreciated by a person skilled in the art that
other optical components or accessories, for example mirrors, may be used for directing
20  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
25  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.
30



25In a step 358, the collimated darkfield illumination strikes the beam splitter and a portion thereof is
transmitted therethrough. Extent of the darkfield illumjnation passing through the beam splitter 68 is
depending on the R/T ratio of the beam splitter 68. Ttte 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 lamg R iesrseptiaciOalimated drrkistenilumipaienntoihinage s e @iame of the
review image capture device 60. Darkfield illumination focused on the image capture IEjlarje of the 36

review imagd CAHRHE dBgrel BTG RER RS BB S AN MRALRE RE IR Ungdlyaunatohe
collimation ofeachwefihevbrightbeld Huminatiar anchdandisldiimainatirniatueenthsigiiegrobjective

lens 70 and the review tube lens 72 enhances ease of design and configuration of the system 10. More

specifically, FREESMFERRIIEHIEA NG f ianiBasiegn s d i ERsdigmERied ke RislicrahRat dts Between the

review apjeciigdentor Osapgijesraniawithbeligns fituaihanses PrRe Girbrsippinger ¢enfigusation of the
review image capture device 60 with the other components of the system 10, thereby facilitating capture,

while the wafbrR9¢qh Fdfich PEratrend LUMBrREARRRGe Mo deandy b hire HHARROM o captured

review brightfigld imageseanthaaptusd e vipwaaskjieltinages amgepiafpeibhcovRIbad interdmage
signals and transmitted from the review image capture device 60 to the programmable controller where

they can be oESaEY, UnirSrlarof sRASH N dfh FEPCTSORHRORNANY AR ESh I Evice 60 can
have a fixedspatialprsitan relativedhe igpesdion pestionIhefixethipatial pesitionyoédbpieeview image
capture device 60 preferably reduces calibratjon lpsses and adjusﬁigse ,tfe.edb,ﬁck losses typically

associdfbd WiththB LBt TS E URS L PO DO S BP Eai et s e sy RN o quSfity of

directing the thin line illumination at the inspection position.

The optical inspection head 14 of the system 10 preferably comprises a third image
capture device (hereinafter referred to as a three-dimensional (3D) profile camera 56).
15  Preferably, the 3D profile 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 (not shown) to thereby capture 3D images of the
wafer 12. The 3D optical setup comprising the thin line illuminator 52 and the 3D profile
camera 56 is shown in FIG. 13.
20
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
25  acorrected 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
30  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



20 review brightfield images and review darkfield images captured. The system 10 further comprises
vibration isolators 24, which are collectively known z;%s a stabilizer mechanism. The system 10 is
preferably mounted on the vibration isolators 24 or ébilizer mechanism when the system is in normal
operation. Preferably the system 10 25 comprises four vibration isolators 24, each positioned at a

different cornes ebthiYSaTRdRTibes WhraliohisaiiarsiRA sl dossunpert ARd statilizs g system 10.

Each vibration isolator 24 is preferably a compressible structure or canister, which absorbs ground
vibrations toAPEHB s BRI CABRIARGSr PravRATHNGCt AISHASRIShF of | rBiniHe Mkt ENS %snmg%ystem 10.
By preventinghgmneaqtedadb@gions or physical movements to the system 3010, 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 37 56 and the review camera 60, and to thereby improve

quality of inspgetignmofithe WalatiddoAnsexemplany mEshedoAd0 fampspesingdreraierobérgdrovided
according to an 5 embodiment of the present invention. A method flow diagram of the exemplary method

400 is showSGRREFEIVER 1RE MStHBYD O R r RrePlcrsgnHBasyans: i@%%’é%‘ésoﬁt fBastaffE dfdetection,

classificatiorpastersewemotidaraats ianihigawarer hdd the xgmplarcmeiRoskdie ijnspaesting wafers 12
utilizes reference images (also 10 known as golden references or golden reference images) to which

captured im&des o B WiaHT 401 SPRFE B Bhre8 Foat 18 4% SRE Y bl dfifdN OSSN HHifeview of

defects on the wiadetise 3 pesildrpaset Faldiibhagseratipry hnarsemppRDrplerascr dnmage creation
process 900 is provided before the description, of tgiexemplary methad 400 for insci)ecting %l.\igfers 12. The
1

exempl&ry réfstRREHALR! RSBl sda RS BBBME SR fYSER E)- idiis automated 3D pro

scanning and inspection of the wafer 12 is preferably controlled by the CPU.

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  capture device 62 preferably captures color images. Alternatively, the review image
capture device 62 captures monochromatic images. The review image capture device 62
preferably captures review images of the wafer 12 for at least one of confirming,

classifying and reviewing defect detected on the wafer 12.

20  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

25  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.

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

64, the review image capture device 60 and illumination patterns therebetween, is



Exemplary Reference Image Creation Process 900 In a step 902 of the reference image creation process
900, a recipe comprising a predetermined number of reference regions on the wafer 12 is loaded. The
recipe is 20 preferably created or derived by a comp z*er 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 externgHAH@RASE ICNEMAVIRRAGRrESCAOEBR Predatannngd pamben abirferaNee firgions
represents locations on the wafer 25 12, which is of an unknown quality. The use_of multiple reference

regions help&rt8NtBRibHERE PP oLaBIRS 8Y sthgatey K?ﬁ’riQfFéhgﬁﬁi‘Hi’fHé?@H}%’Eaé%ﬁ% e Wafer 12, or
between muitigle mgafers 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 30entire surface area of the wafer 12. Alternatively, the

predetesmingg NnuBpRI b elierRIeE iagipnk TR, reiesen Mulinigiieralesplises jaratenswn multiple
wafers. 38 In a step 904, a first reference regign is selected. In a subsequent step 906, Eltgéedetermined
8

number ("n"PELId I Lpinalng fed Drgheighetigldivartinn st idheas vists r on. More

specifically, thediimages atedsapteded at eacheAderpdeiarmiresblonationspobtae srlesiermeigrence
region. Number and location of theﬁredete,rmined locations, of the selected reference regjon can be

varied as redUEP AR ATRERSE DYt Ra gt DedbirnirdanfodR A h B GHEA AP 2 18R images
can be captuanteise®) Rt lsastene &fdep Bos, imapetaptidaeldeniaed4, diking the beam splitter

10 68 is reflected thereby and directed towards the inspection position. Extent of brightfield

illumination reflected by the beam splitter 68 depends on R/T ratio thereof.

In a step 308, the brightfield illumination is reflected by the wafer 12, or portion thereof,
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 with the objective 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.

20
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

25 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.

30



10 second image capture device 34, the 3D profile camera 56 and the review image capture device 62 as
required. Alternatively, the tt images are captured usjng a different image capture device. llluminations
used for capture of the tt images can be varied as required, and are for example one or a combination of
the brightfield illumination, the DHA illumination, the DLA illumination and the thin line illumination. Colors,

wavelengthslpaiiipiansitiestr Bl ationsmuass Rusariure ahthe thijaaes R be selected, and
varied, as required, Capture of multiple images at each position preferably enables reference images to

be created tA§§VIRY SLRDIFISHE DEFHEHONS fACtHE AR Shsm A0 M EpReti ARl P RHEAIHOBOIRAGiIng means

used during gapideRbHR atesspcriNagesdditinMethasiphiatel read PAgR GERRIIAMMIAIRIZES
unwanted influences or effects on defect detection, and classification, due to variations between the

illumination OSHUFEBNLeIFedtioRI s frERs 8Piﬁf&bé@oﬁﬂ&‘%é@&e‘ﬂ%f@eﬂ&é@%@%ﬁ?ﬂ%m captured
for eachsspeqiigs!dlyoinatian Gerciieshityairianlys capiliea ofmdtipledmanasat ek srewted
25illumination condition facilitates a normalizing or compensation of illumination variation from flash to
flash or fromStrobe to strobe. The tt images are preferably stored in the database of the CPU.
Alternatively, the tt images are stored in an external database or memory space as required. In a step
908, the 30tt images captured in the step_ 906 are aligned and preqzrocessed. Preferably, subpixels of the

tt images captdi€y SR L5 GBI Yellltieray PGl fle Bedhbysthspiackl g Al wi88tAh ges is

preferably petigsmecysigdiewrsaiaean aasmnauding ibuisoh INFES! te. traces, bumps or pads formed
on the 1061e or more wafer using one or more of binary, grey scale or geometrical pattern matching.
In a step 352 of the fifth ray path 350, darkfield illumination is supplied by the review
darkfield illuminator 64. The darkfield illumination supplied by the review darkfield
illuminator 64 is preferably directly focused at the inspection position. In addition, the
darkfield illumination supplied by the review darkfield illuminator 64 is preferably
15  directed at the inspection position at a predetermined angle to a horizontal plane of the
wafer 12. This predetermined angle is preferably a high angle, and can be adjusted as

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

In a step 354, the darkfield illumination is reflected by the wafer 12, or portion thereof,
20  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.

25 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

30 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



5In a step 910, reference intensities of each of the n images are calculated. More specifically, reference
intensity of each image captured at each of the predetermined locations of the selected reference region
is calculated. Preferably, the calculation of reference’ intensities of each of the n images helps to
normalize or compensate for color variation at different locations or regions on the wafer 12 (or the

multiple wafegsiewl thizishapriefamily, dbersalrutationmiretarengsvintansifies phaashiRhiiep images
helps to account, or compensate, for other surface variations at different locations or regions on the wafer

12 (or the mafthid bFaselimatien 2t sasodetharbrishicld dtbyminetisreruh dariskL i BOBaHRTf the n

reference 15dneBgitiRSEAFRNOEING 161910 MdRBdNaFasbHIEhSEPShdn@HUmber aéstatistical
information of intensities each pixel of each of the n images are calculated. The number of statistical

information ifueRYIBRICA iRty i Rnl Sy Qe seerificrila S epifirglommdrtasthi2ixi®fum and a

minimum inteAgitfiat eachRixed Phaaciifia Nimagese2 Mee SRREFSAHY: Hbfealiesaghsig@ geometric
mean of the reference intensity for each ﬁixel of each of the "n" images. Geometric mean is a type of

mean or avetRGENInEE YhEHRE st HE G52 ANl RASRIAR R FO Y etk U ETEISSY n numbers.

The numbersgidheapairargemettipiiedantdberthenpvientafthe EswhNYpiaskslisehtaingd. A formula
for obtaining geometric. mean is shown below: 25 Calculation of the geometric mean instead of

arithmetic mEENUSF-rdtIS s VRt thdsale FRGROREh 45 Ea14ENA AelCHKIRE! PedERBY the n
images fromdagifigianghubeaffected by extreme values in a data set. 40 In addition, range of absolute
intensity (hereinafter referred to as Ri) for each pixel of the tt images is calculated. Preferably, the Ri for
each pixel of the "n" images is the value between a maximum and a minimum absolute intensity for each

pixel of the tOzpages.(BAsWRvDUGHIMeRtienead hpriradarddevialianlofitheiRtensiyaie@sh pixel for
each of converted into image signals and transmitted from the review image capture device 60 to
the programmable controller where they can be processed, and stored or saved in the
database.
15
The review image capture device 60 can have a fixed spatial position relative the
inspection position. The fixed spatial position of the review image capture device 60
preferably reduces calibration losses and adjustment feedback losses typically associated

with the use of mobile image capture devices or cameras, thereby enhancing quality of

20  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
25  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
30 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



the tt images of the first reference region captured in the step 906 is also calculated. More specifically, the
standard deviation is a geometric standard deviatior%i/vhich describes how spread out is a set of numbers
whose preferred average is the geometric mean. A formula for obtaining the standard deviation is shown
below: 1001,7=e Xp .l.e-=n (In- In ,41 where Rg, is the geomtric mean of a set of numbers Ml, A2,

,11.1. In a step FAHbectiinageseaptiresiae dRmRBO 3t sRvEshisgsthasprithaheir gerieseending
information such as location on the wafer 12 or first reference region. The statistical information
calculated inlthe step 912 is preferably also temporarily saved in 15 the step 914. Preferably, the above
data is saved in the database of the CPU. Alternatively, the above data is saved in an alternative
database or memory space as required, In a step 916, it is determined if more images of the selected

reference reiBreAFEBEReqUFBAITHY step B iBRefbrBT Ebhwats BRI ASHETHR(PnEd

automascallynfBfienehlyoitie: SRS GrscpadRrmadmty amliansa an ifainationphipinethby the steps
910 and 912, Alternatively, the step 916 is manually facilitated or controlled u?ér%lg techniques known in

the art. 25If 119 GetBPRmBLEICHE sty g had A0MbFaritsRrstn the waletleccretifs it deAsh I are

of detection, classification and review of defects on the wafer 12.

The exemplary method 400 for inspecting wafers 12 utilizes reference images (also
10 known as golden references or golden reference images) to which captured images of the
wafers 12 are compared for at least one of detecting, classifying and review of defects on
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
inspecting wafers 12. The exemplary reference image creation process 900 is shown in

15  FIG. 18.

Exemplary Reference Image Creation Process 900

In a step 902 of the reference image creation process 900, a recipe comprising a
predetermined number of reference regions 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, the

recipe is stored in an external database or memory space.

Each of the predetermined number of reference regions represents locations on the wafer
25 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
30  entire surface area of the wafer 12. Alternatively, the predetermined number of reference

regions may represent multiple predetermined locations on multiple wafers.



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 t0'916 41 need to be repeated for a next reference
region (for purposes of the present description, a second reference region) of the predetermined number
of reference regions. The step 918 is preferably software controlled and performed automatically. In
addition, the step 918 is preferably performed using information obtained in at least one of steps 910, 912

and 5916. AlferAatif@y e delirdn s5irRasuang pciitatsiF e dordtofed bsruytestivEfechniques
known in the,asdetbihite@taimed - thersteR 2 & thaknase LB easacopiuieipmnesnregigr need to be

captured, i.e. if the steps 904 to 916 need to be repeated for the second reference region, a 10 signal is

generated foicteediFdHaGeretis Mot SPREILtAP% ofif 1810 ¥BASEH BESreffttteany Sdfber of times

as requised. iregpatitiomel thesters S0hto Rl dsipretatably seiwarRcantiolad and@stospated. When itis
determined in the step 918 that the stigs 904 to 918 do not need to be repeated, 15 i.e. that images of

the next refePEHIELTBYRSY dPEALOBfeabiBmmHEt LIRSS ISEr Sralan CattRsiorEiseh e Bl EF & dgolden

reference imaggR-lesynafiesstefiesretkigaakefesenas imagesuarenign 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 following steps are exemplary steps performed for calculating
the referencainagemgdswitihheweyeibe uidersteadiyne sreitsofskilashindruaet dbaicadditioral steps or

fechniqes complementary 9,y floni1o piegs may be performed i e celculation of e feference
image. ’
device 62 as required. Alternatively, the n images are captured using a different image
capture device. Illuminations used for capture of the n images can be varied as required,
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 illuminations used for capture of the n images can be selected, and

varied, as required.

Capture of multiple images at each position preferably enables reference images to be
created taking into account the variations in the illumination, optical setup and the
20  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
25  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
30 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



25In a step 922, pixels having reference intensities greater than a predefined limit is determined. In
addition, pixels having range of pixel intensities greaégr than a predefined range is determined in the step
922. The predefined limit and range of the step 922 tan 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 identifiedmhbgs3Q prefeiingdpéatugiitheigieRiRh CrTRMeeIRIBSRICBad mid daigamined or

manually determined. In a step 926, the previously saved images, as in the step 914, are reloaded 42 for

repeat of an{F&i5& SUMBICHPiHe Epdguths 699 GF DBkl HRA UL RS SRE QTSRS IRERIBUSgEY

predetermingehiabie Qmiangaliptentifinecaiing the steps 922 to 924. The steps 922 to 926 facilitate
identification of images comprising pixels of specific pixel 5 intensities. More specifically, the steps 922 to

926 enable identification of images containing pixels having reference intensities outside predefined limits

or ranges, fanexagpplegdentifieatian ointendasiralfiecitnageshto heigenrtfiess Mocalsracifigally, the steps
922 to 926 eliminate "undesirable” pixels from the reference ima%e calculation and help to prevent

"undesirable®HSHERIRHUESITE ST HESRRLY rafeFaribdipies canuEbrine i brafein psethisymingde
"undesirablefoinages dremdisescied. tthifcfaellitaiam elinimatinmeal defestiveydaia ulsagrs drereby
preventing influence or presence of such defective data with generated
reference intensities of each of the n images helps to normalize or compensate for color
variation at different locations or regions on the wafer 12 (or the multiple wafers).
10 Further preferably, the calculation of reference intensities of each of the n images helps to
account, or compensate, for other surface variations at different locations or regions on

the wafer 12 (or the multiple wafers).

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 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.

20  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:

n 1/n
(Hﬂi) = Yar @ o

i=1

25

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.

30



reference images. In a step 928, images comprising pixels within predefined limits and 15ranges (i.e.
images not discarded) are consolidated. Preferably, éhe reference image creation process 900 results in
derivation of the following image data: (a) Norm ﬂzed 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) MaxidauparshRuinmsdintensitis pirach pixeleferehohine crisalidaisdiveges (d)
Average reference intensity of each of the predetermined number of reference regions determined in the

step 702 25 FiBassAdsIi st irdadasierly Rl sprbseinel b ibncd iniRges MhberdiEhce images,

together withheQreegRanginsiMack dadnsiuithes savethibnis steR S the refRrenerRdaiages and their
corresponding image data are preferably saved in the database of the CPU. Alternatively, the reference

images and their corresponding image data are 30saved in an alternative database or memory space. It

will be appregiatesyyua paisamskiladddhirat deatdisnsiemd2rdasdgheken axadueeRmepnt or size
of memory rsx])éace, 43 required for storing the reference images and their corresponding data, which may

enable the nt&EHbERA88S o R dU o anst 498N BpEed Brhe SR 0o thalR s atRte NRYF of each
pixel is prefeyjgdlifivarmalieesi8d3Rb dovasden tes disddetric standard deviation, which describes

how spread out is a set of numbers whose preferred average is the geometric mean. A

formula for obtaining the standard deviation is shown below:

[ n
T, = exp Vn'lzizlﬂll A —1n f—’ig,‘lg

n
10

where |, is the geomtric mean of a set of numbers {A1, A, ..., A,}.

In a step 914, the n images captured are temporarily saved, together with their
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 914. Preferably, the above data is saved in the database of the CPU.
Alternatively, the above data is saved in an alternative database or memory space as

required.

In a step 916, it is determined if more images of the selected reference region are
20  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.

25 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



5 and visualize the reference images. It will however be understood by a person skilled in the art that the
average intensity of each pixel can be normalized to an alternative value in order to display and visualize
the reference images. The steps 904 to 928 can be ?'gpeated 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 imagr&ARIWE dpYiERI FdraneiiedRYiREGaRIsHa R peditier dhsiaRsAPddR Sgdaan be
repeated for capturing images at different illuminations or illumination conditions, for example brightfield

illumination, BEPRMIFGHSTEAGOFETAA Rfuhsmasdrieamingd M s ahiatrieRcE gjirdde Fif@ fetition of the

steps 904 to;93&raahle sotGeiratinnof kaferanserinase s fmmulipie. ilvmmnatangsekidpaigation
conditions, and with mu‘l?t;%e image capture devices as required. As previously described, the derivation

of reference IEGRRIYOPSHORRRY ey QB s ArRety e 198 e IRb SRS aRiatMultiple

illuminagon eapdifigRmbgiRsIoRASWE PR ascadntalyityaditcanpeRsaitrRIVhars reauiegyvdor
variations in quality of subsequently captured images due to variations in the lighting conditions. For

example, thd<CAPIAYESIMRNELIMEE ifhges 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. 25 The steps. 904 to 928 are preferably executed and controlled by the

CPU. Prefertoly 1 S4E'SEBRRcY0R {3%998mrd Sithabipass Sf dhe SatehIricEoMr difedPBy&e8dRPsre program.
Alternativelycgitleas! ianerahihecptep 204 16 Qesdimayehepnasdadlypssisiadiiferaeitededida, reference

images created %y.the exempla@/'r reference image creation process 900 are 30 used for comparison with
t

subsed@entl?%% lﬁ?e%eﬂ?ﬁl&é]s WekERIRS @Fuﬁﬁﬁ%ﬁﬂ“q&élﬂ%ﬁ- The steps 904 to 918 can be

repeated any number of times as required. Repetition of the steps 904 to 918 is preferably

software controlled and automated.

When it is determined in the step 918 that the steps 904 to 918 do not need to be repeated,
15 i.e. that images of the next reference region of the predetermined number of reference
regions are not required, golden reference images (hereinafter referred to as reference

images) are then calculated in a step 920.

The calculation or derivation of the reference images is preferably software controlled,
20  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.

25 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

30  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



44 to thereby enable at least one of detection, classification and review of defects on the wafer 12. As
previously mentioned, the present invention provides the exemplary method 400 for Sinspection of wafers
12 to thereby at least one of detect, classify and reviEw defects present on the wafers 12. In a step 402 of
the method 400, the wafer 12 to be inspected by the system 10 is loaded onto the wafer table 16.

Preferably, the veafer b2 da eiiaciesidemrthe waieraack 2tuby 10ikel rphaticrairkhansdigrds and

transferred onto the wafer table 16. Suction or vacuum is applied to the wafer table 16 to secure the wafer
12 thereontd?HEGPAFEFEOTHRSIEYABIG RbFARFRESIdeRHSH idwing i AUIABE? B number) or barcode.
The wafer ID number or barcode is engraved or tagged onto a surface of the 15 wafer 12, more
specifically at a periphery of the surface of the wafer 12, The wafer ID number or barcode heIPs to identify

the wafer 121315cPERS Ares thid SHAHARLT HISE TGRS SR EPMRILTP oBIEH ShtPEREGRR table 16. In
a step 494, anealgnisvapeiihepaalirially, lapdedepptoihewales tahieid6iir AdtRiRSh DheARseafer map

may be loaded from the database of the programmable controller. Alternatively, the wafer map may be

retrieved frofPSABIRG rANILMARE Biiprates LYrnelith e AitdenRiRdshineHe IR v &8ssy 92 prepared

or derived upemntipe: leagingafitieoraiaidkdiapie the speyablesugaartislatiaom uprgrmatiods or
techniques known to a person skilled in the art. 25 In a step 406, one or more reference locations are

99

captured or SERSIMAA SHOREWART nTAACEPAT | RAKE IS HEPBY N AS KA GriamdtataE A erdtPGtational
offset is calcrdgiad ysineniechnigiemhdTopkelo mNesaod skitlkdfindhefilence pixel values of the

10 reference image.

The “undesirable” images are discarded. This facilitates elimination of defective data or
images, thereby preventing influence or presence of such defective data with generated
reference images. In a step 928, images comprising pixels within predefined limits and

15  ranges (i.e. images not discarded) are consolidated.

Preferably, the reference image creation process 900 results in derivation of the following
image data:
(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 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
25
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
30 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



45 facilitates the calculation of the wafer scan motion path and the plurality of image capture positions.
Preferably, the calculation of the wafer scan motion ggth is dependent on at least one of several known
parameters. Such known parameters include, but are not limited to, rotation offset, wafer size, wafer die
size, wafer pitch, inspection area, wafer 5 scan velocity and encoder position. Each of the plurality of

image capturgqpfstliensstsflgetHOraerEasPndsdPAPARIIdAB IR MYRield2 Ahviahimagss are to be
captured. Preferably, each of the plurality of image capture positions can be altered as required using

techniques KhSWSTPd HEILBPSRAEATASHAS &rbi HESTheT MCiMHEe capture positions can also be
altered as required using techniques known to a person skilled in the 10art. Preferably, the steps 404 to
408 are performed automatically &yﬁthe system 10, more specifically by the programmable controller of

the system 10"ARSHISEVORSHY Bheesh Rk dp @t ably e naliasd ferdrmiB PulFT dP WP aid of, an

alternatiye pragesseilibe ahsteddtbdhn pagmmmanie seantillenh@ithcoaysienpddetriniags availability
of an appropriate golden reference (hereinafter referred to as a reference image). If the reference image

is not availabi, e iieRadargE s itrelerrb i s heiarrAlfsd fran Adatiatidis i cess 900

as describecbaheve displsiend dzuRlietarablyidikadefaranse 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. 25

Exemplary twaedirepno@nal (213) wafpe sepnindach prcres B d hanbrefemseaniingmieeess 500
enables capture of brigghtfield images and dar}gikeld images by the f':_rst image capture device 32 and the
1 :

second fmad@ESiREPEBRIEE' S, Oh{BASs b Brst PRk PELAR ARG 1PBee SaBE, i¥iffst mage
capture devige 3ectsndaaipesesirealsieq 304l first duiminationns suppliaher eaiigs. dletdrst
illumination is for example brightfield illumination supplied hy. or emitted from the brightfield 46
32é) can eprepea e(} ?or capturqng ﬂnaggg at c}%%(ferentrr}ﬁuminatggns or {ﬁumination
conditions, for example brightfield illumination, DHA illumination, DLA illumination
and thin line illumination, as required. The repetition of the steps 904 to 928 enables
15  creation of reference images for multiple illuminations or illumination conditions, and

with multiple image capture devices as required.

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
20  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.
25
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

30  used for comparison with subsequently captured images of wafers 12 of unknown quality



illuminator 26, DHA illumination supplied by or emitted from the high angle darkfield illuminator 30 or DLA
illumination supplied by or emitted from the low angle darkfield illuminator 28. Selection of the first
illumination to be supplied or emitted in the step 50 é preferably determined by an illumination
configurator (not shown). Preferably, the 5 illumination configurator is a component of the system 10 and

electronicallycgiupled hibilliminaters (@B8ds€eHen, AR AR ina sysiam d0dAdainahivaly, the

illumination configurator is a component of the CPU. The image capture devices 32 and 34 can receive or
capture any ¥8tRbitation of 10 illuminations supplied by or emitted from the brightfield illuminator 26,
DHA illuminator 30 and DLA illuminator 28. Examples of possible combinations for the first illumination
received by the image capture device 32 and the second illumination received by the image capture

device 34 ar@ SREWHH & E5IRGH Fils, DESIPIHBRYI GAG testite Hembiasy BRHIN*08cId image

capture slevigg g4 tiegeiversibstantiadisiratar ASHwninationsidien hastimouahnul RivsuRicatgonfiguration
could be the highest of all the possible configurations. For example, configuration 1 as shown in the
table of FIG PSB¥4PBESaMEeEd Iy the illumination configurator. Accordingly, the first illumination is the
brightfield 20illumination supplied by the brightfield illuminator 26. Preferably, the steps 502 and 504 are
performed simultanequsly. Performance of the steps 502 and 504 enables capture of a first image, as

shown in FIG! 325y h&lis e At qelide! 3201RA MBI XHBS AR iR gE Eapadiet by the first

image captusadanice 22828 COBVEFEEEABIY, iagafignals ane-dtans e chtovh LAV D tBE data
transfer(frociss and_prel;%a ly stored in Ege da}g%abase or sﬁ%rage memor)(. In,a step 508, the second
e 8

image CAptulaedaiEc 33 &b 1 hand iy staed QBILHY Manahinie SHSHIRONLEIthe first
illumination, iselpgtientofthae,s€soble 16 to secure the wafer 12 thereonto.

The wafer 12 preferably comprises a wafer identification number (ID number) or
barcode. The wafer ID number or barcode is engraved or tagged onto a surface of the
15  wafer 12, more specifically at a periphery of the surface of the wafer 12. The wafer ID
number or barcode helps to identify the wafer 12 and ensures that the wafer 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
20 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.
25
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.

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 the step 404 preferably



30illumination 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 47 illumination
configurator. Accordingly, the second illumination is the DHA illumination supplied by the high angle
darkfield illuminator 30. It will however be appreciated by a person skilled in the art that the first

illumination andiihg.serops divmiedoms Warkbe altaraadly gk maatiopriasireariadedapuaeple the
exemplary illuminations of the 5different configurations as shown in the table of FIG. 20. Preferably, the

steps 508 a9 840 rd perdhledSifrIfERESNSH). BreveishIs th RSB b E dFOFRdeRaemalith the
performancegkthenstepselganc648. PerarrancswehtrasierpLotand 318 eralies saptive of a

second image, as shown in FIG, 22b, by the 10 second image capture device 34. In a step 512, the

second imadéishiPe O e LNy AR g bt Heviks: S oBHRriBEPrtOMAGS Sigielis and

transmited te-iheRIogiammpkie cantrpdarivia thecHata trRNpierapigcessmnek pEspaiablyosiamd in the
database or storage memory. 15A diagram showing the exposure of the first image capture device 32,

supply of thd SHEE M GRTREESRO R OstRO BT Lebsntiaina e Laphird Y8orss 8% QUppRAB1ESE: second
illumination pagkthe Hateatiansiaiadpreessyobeashf tapirst joagameanpivn: dewesl 32 anghthel second

image capture device 34 is provided in FIG. 21. The steps 502 to 512 can be repeated any number of
times for capttiffd UYL ERAIHY KumBErSR sllet ARsths (P inadiss HHBPSE nHNRSE P B the wafer

12. More speekicialy.ddicasieps aldéa &l qindurafeiabbyieppatachioncapiusirgimages oh the wafer 12
using the first illumination and the second illumination at each of the plurality of image capture positions

along t & wdr scan motion path as calculated in the step 408. 25As 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 1 iEFf r%iY’rof%‘.eTﬁf??sz’t 45%8/,@1% Y&pRGH OBT%’eWﬁ%gﬁ %ﬁ?éf ks §¥%t8ﬁﬂ% a’g’grfs performed
while the wadpeciRdslin pyotienpalergithtviatensearmotias patenAceordieghitiadPerany one of

the steps 404 to 408 may be performed by, or with the aid of, an alternative processor.

15
In a step 410, the programmable controller of the system 10 determines availability of an
appropriate golden reference (hereinafter referred to as a reference image). If the
reference image is not available, the reference image is created by the exemplary
reference image creation process 900 as described above in a step 412.

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

25  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
30  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



30skilled 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 48 occur simultaneously) and
the steps 508, 510 (which preferably also occur simultaneously). The predetermined distance depends on
several factors including, but not limited to, speed of displacement of the wafer 12 along the wafer scan

motion path anghtime e ired Lof Ry eRR RTstip BéansyS82daiadd e Medaiprminedigiriange may be
5controlled and varied as required, for example by the CPU. The control and variation of the

predetermin&A1E1a19¢ S that, Bl d kg Heb P uaticd Y i raktiediyredrifest iy Arslsrdribiclthe first

image will haNgmi el etererRedINsod OffsetiMiam SURE tMHRQSSH RIS O R RIEP A eEWith g second
image. FIG. 22c shows a combined image of the first 10 image and the second imagﬁe demonstrating

resulting imagPEERbHdels tRenedphyrd b thininatinn Apn A e {aebaBawyd tfifethe Wafer 127is in
motion. Fhe pradeigisined image pifsetdannds st sayveaidactoraincudingiball peblipidgddo, speed of

displacement of the wafer 12 algng the wafer scan motion path and time required for any one of the steps

502 to 512. EEnHBMUAEUSrafonb B rRE AR itslgE s G ERAH BHY: P el Bai S oftware or

manually facitigigdrdidci Stegmbbn&nf engredepvalues 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. 20 The XY encoder
values obtaimgd argagsechfvircal@dlaiingibeirnage effsetdaansserotispiiroeiweearviiieifuabimage and the

second jmage (i.e. relative offset of the second image from the first image) in a step 516. The fine image
offset it%al 3?@3%&%%%%"%@ﬁf?étlt%g@g’é?f&l?ﬁﬂ%li‘ﬁgﬂﬁgﬁ{dg W@%ﬂrr%gtgmfg R8s, The final

offset is obtaned Yy apPilingisdpsedeteTrampitatpessialicabiopmuln enfiralzoarsei amelifinedmage
offsets. The received by the image capture device 32 and the second illumination received by the
image capture device 34 are shown in the table of FIG. 20. If the first image capture
device 32 and the second image capture device 34 receive substantially similar
15  illuminations, 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 of FIG. 20 can be selected by the
illumination configurator. Accordingly, the first illumination is the brightfield

20 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
25 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
30 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



25 predetermined mathematical formula may be adjusted as required using techniques known to a person
skilled in the art. The 2D wafer scanning process 59%) 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 30capture
positions along the wafer scan motion path. 49 In a step 416 of the method 400, an exemplary

two-dimensignah(rioimage preaessie araaess BR0ssoeufarmeaiaoatdanstiona qflidemutyéag or
detecting, clasﬁf,‘iigyin , consolidating and storing defects on the wafer 12. A process flow diagram of the

exemplary 28 re iR pebcdadiol il luminaion dt pall dewersb Ry RSk B deessing

process 600pEhe 2 bkimapmRrRcassing piocass il fasiliatesdrnecessing afdhedmasstartdred in the
2D wafer scanning process 500. In addition, the 2D image processing Erocess 600 facilitates at least one

of identifyingbF ARG AP RiRaLmin gs d5ALBRtdadRl Sdelsrithy £58 JHURENRREs 1. thea step 602

of 2D inmage frpsessioa i oRerm S 805w st norking dropgedsgelected and loaded in @ memory
workspace. The first working image is selected from the number of first images and second images

captured and saved during the 2D wafer scanning
Preferably, the steps 508 and 510 are performed simultaneously. Preferably, the step 506

occurs in tandem with the performance of the steps 508 and 510. Performance of the
steps 508 and 510 enables capture of a second image, as shown in FIG. 22b, by the
10 second image capture device 34. In a step 512, the second image captured by the second
image capture device 34 is converted into image signals and transmitted to the
programmable controller via the data transfer process and preferably stored in the

database or storage memory.

15 A diagram showing the exposure of the first image capture device 32, supply of the first
illumination, exposure of the second image capture device 34, supply of the second
illumination and the data transfer process of each of the first image capture device 32 and
the second image capture device 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  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.

25  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

30  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



15 process. For purposes of the present description, the first working image represents the first image
captured by the first image capture device 32 during ?e 2D wafer scanning process 500. In a step 604,
sub-pixel alignment of the first working image is perf% med. Sub-pixel 20 alignment is performed using
pattern matching techniques using one or more templates. It is performed using one of binary or grey

scale or geopegtiicalipati@rrsaaiphingdnathodsefincsosligned, refaieRceiviensity faleachctnage is
calculated from one or more predefined region of interests in the image as shown in a step 606. The

reference intSASILABIREER ok BredstHmingdebitansr leBpdicRraiertthdware ettt path is 25
calculated imtheistapORE - spoal SEas FRE AN OO thay &ercollectiye hhsefairad tarmmacie pepgessing of

the first working image. It can_be readily appreciated that the preprocessing is not limited to above steps.

Additional st&p5ERA SEHHESHBAREPRE O OEProY s Sy of TR RFEETIRIGd HisRcEsTaYy(Fed. 50

predetesminegnpiaaeiers o daaty regudfctherdir skwapiingyimhader Brafesablyirthedistieiawnse image is
selected from a database or cgllection of golden references or reference images.as created by the

exemplary réfsreirdsteratnrsh i bess ey PrriHest B eSS A RS REUHY il @ignplary reference

creation process 900 is described in 5detail above, and shown in FIG. 18. In a step 610, quantitative data
values for each pixel of the first working image are calculated. |n a step 612, the calculated quantitative

data values foF LA Pkl GrHRY HASR SHINGIH A S FaRanEh ci it 'a5h rebeAet BB ES hold value

together withdQnauléipligative witiaastitiee Jagtoragh) RIsiep2d khothe fiesivvonkinghingaad iéhancmatched or
evaluated against the first reference image selected in the 608. The matching or evaluation of the first

workingUmadfBaRfA I SRRt A SriaER TS S SIS SR G QLT ERH IR SrUEIBHE o

the first image and the second image while the wafer 12 is in motion. The predetermined
image offset depends on 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 predetermined image offset may

15  be at least one of software or manually facilitated.

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.
20  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
25  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

30  capture positions along the wafer scan motion path.



15 the wafer 12. Preferably, the CPU is programmed for effecting automated matching between the first

working image and the first reference image. The pr%ﬁrammable controller preferably carries out a series
of computing instructions or algorithms for matching the first working image with the first reference image
to thereby enable the detection or identification of defects on the wafer 12. 20 Determination of presence

of one or maye Hefgrts BcaUlseimariRP10b6 Hf ERenHINAFS-RIRLASRING RPPPESRLEHrfdiglgsthan one
defects are detected or identified in the step 616, the algorithm would sort the defects from, the largest to

the shortest BIRS&H o BitkePSHE'EReS BrardalersthgtRewib R HirnG, MorfifisetingssS ISy, edge
strength amepgsARIAtaerankustbenpaieicthe alperithmasalects anlyihese defectsavhish sregis user

defined or predetermined criteria or parameters to calculate defective region of interest (DROI) on the

wafer in a stEfFBIBAY D iBRE R OBRENHTAREs B SehiR T e dhn the step 618 if a defect (or more

than ong defects) is detected or identified in the step 616. Preferably, the DROI is calculated dynamically

by the CPU in the sep 618. The CPU is preferably 30programmed (i.e. comprises or embodies a series
A &Fl (TSN N

of computing#&H# ¥ calculation of the DROI. 51 In a step 620, a

correspondintOROIR{ R pesandinopkiresisaoadsiinare griteMpre anaeiflialys hipseapndiorking
image is the second image captured by the second.image capture device 34 during the 2D wafer
scanning protes¥ 8D SR HRIHSIRNY iMadddisqe pHate Ab N HEprICSEsEASREREES MY to the steps
604 and 606thefse-parfarasingiEher stRm 3o ol bisdadorsay dassPiREY ebihelseenpdan@ritiithimage (the
first working image and the second working image being captured of the same location on the wafer 12
along thd Wiﬂ%ﬁﬁg A t?ﬁﬁf?fa][ﬁ), is inspected in the step 620 after performing sub-pixel alignment of
second working image. The inspection of the DROI of the second working 10image preferably facilitates
confirmation_of defecé(g%etecé&til_in the step 616. Further preferably, the step 620 facilitates classification of
defect deteclBd iHIRELUeY 605 KLEHES B?%%f‘éésﬁ@ﬁ ‘Eﬁg&ﬁfg PEEnE8Edh SR hage

instead of thy@fdirén a memory workspace. The first working image is selected from the number of

first images and second images captured and saved during the 2D wafer scanning
15  process. For purposes of the present description, the first working image represents the
first image captured by the first image capture device 32 during the 2D wafer scanning

process 500.

In a step 604, sub-pixel alignment of the first working image is performed. Sub-pixel
20  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
25  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.

30 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



image. In addition, in the step 616, if there is no defect found, the method then terminates 15 at the step
616 (i.e. methods steps beyond 616 will not be perfoi ed). This will further reduce the amount resources
or processing bandwidth needed for processing the second working 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 baged emiriults P REesednasieRssobthadathodofiigdnialigentprecesyingdofike 2D image
processing 20process 600 facilitates improvement of the system's 10 throughEut (i.e. wafers inspected

per hour by IRESSRAMESE I Sekegics2 5 MRe Hetiehaicasfecolreias e tHe G558 Br position of
the detectedrgiRfest @il asstbr alassiicaiiondhprast rigsened cRigleiahbsdheodetaciad % defect, and

the location and classification thereof, is saved in the database of the CPU. Alternatively, the detected

defect, and thE2ISE A6 Rodi &l dfisor HBPASY. Kelerches inrsiqReprRasse daPalsadesai iR iory space.

The stegs 6QRte1 6Bdveannaarspreatedor, lppped any number of times for processing the 30 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 52 workspace and processed for facilitating

the detectiomphdgfgctsi ovhjehnman ke qaseanen the wakepikdl bherransRddaiz2nage the repetition
thereof, facilitates at |least one of detection, confirmation, and classjfication of defects, which may be

present on thalWAlsd N sAD Bk h el yetdpiyedabsimne Arg the wakel fafitiotion path.

5 In a step 6»éri@aghigfagultilerdrieaiadand tha lqraiormandiclassificationadbereaiitdetegiad by the 2D
image processing process 600 are consolidated and saved, preferably in the database of the CPU.
AIternaﬁR/er'Pr‘l‘g]@ ¥e haHE Y5 ALIORS and classifications thereof, are consolidated and saved in an
alternative database or memory space.

In a step 614, the first working image is then matched or evaluated against the first
reference image selected in the 608. The matching or evaluation of the first working
image with the first reference image facilitates detection or identification of defects on
15 the wafer 12. Preferably, the CPU is programmed for effecting automated matching
between the first working image and the first reference image. The programmable
controller preferably carries out a series of computing instructions or algorithms for
matching the first working image with the first reference image to thereby enable the
detection or identification of defects on the wafer 12.
20
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
25  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
30 programmed (i.e. comprises or embodies a series of computing instructions or software)

for enabling the calculation of the DROL.



10 The 2D image processing process is preferably an automated process. Preferably, the CPU is
programmed for, or comprises a series of computing_%:nstructions or software program, for automatically
performing the 2D image processing process. Alter ]tively, the 2D image processing process may be
facilitated by an at least one manual input as 15required. 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

20illuminatiof. fhsieBuBERqheRr SR HNRE b deaend 2 mkingdmptan theediteMishal (3D)
wafer scannipadpfRanssthOQsRe NRIRE. inrafeiahy, e hishidNafRiseNing RIQERSENAZP enables

capture of 3D profile images of the wafer 12, for facilitating conse(éuent 25 formation of a 3D profile of the

wafer 12. THERRRRATYE disprits oty the Caiciatag WarsssEah rhitiorrpath¥Braptimiss 3D images

of the wafer 2 pifanpYnsreiroresseaf dhadxuliple inagesgrmuLcRassensalengdienmaiertsean motion
path as calculated in the s.ts(zf 408. A process flow diagram of the first exemplary 3D wafer scanning
(0]

process 7005€RAGMNLINFIEO24Y: SRR ALY R e GoRd MaEking Ao SR HHON AT B&|n#89 of the 3D
wafer scanning piegessndhinbhaadliwniRatiands supriiedrhieosamittedfoarodheethintinedllsainator 52. In
a step 704, the thin_line illumination is directed at the inspection pasition by the mirror setup 54.
the wafer scan motion path), 1s inspected in the step 620 after performing 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

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

The system 10 processes the DROIs of the second working image instead of the entire
image. In addition, in the step 616, if there is no defect found, the method then terminates
15  at the step 616 (i.e. methods steps beyond 616 will not be performed). This will further
reduce the amount resources or processing bandwidth needed for processing the second
working 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
20  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
25  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
30 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



5 In a subsequent step 706, the thin line illumination is reflected by the wafer 12, or portion thereof,
positioned at the inspection position. Reflected thin Ijne illumination from the wafer 12 is transmitted
through the 3D profile objective lens 58 in a step 708 The 3D profile objective lens 58 has aberration
corrected in infinity. Transmission of the thin line 10illumination through the 3D profile objective lens 58 in

the step 708,caikispateatelireling HormiratianhRestRR Aiéh Bredepilimaiadihimdinedlipaiaation then
passes through the tube lens 60 before entering the 3D profile camera 56 in a step 712. The tube lens 60

preferably 181dRaIEEtheZdifmsieed fh hePtanthhsdhrsiiietbsssabd e pidestamhefap profile

camera 56. fhigcliog, itentinatiaofosiserRiiheisPIMmRee GapiHie Hanee prbles Gapimwevafa first 3D
image of the wafer 12 in a Ste\éﬁi 714. Collimation of the thin line illumination between the 3D profile

objective lens25% YRR BR! R B E5GHPAES RASIOH HEBRIHRIBATST St LimBatents or
accessgyies therebetween, and enable flexible 20 positioning and reconfiguration of the 3D profile camera
56. As previgusly mentioned, the thin line illumination is supplied by a laser or. broadband fiber optic

illumination $ButcEeindditith HeliRlfe Hirnihath o fesahos, thboasr i IsHsetth position at
a specified angéetwitbyefierenceninze hodzamal planes2soofikevaigidiieposiicaestithseeatble angle at
which the thin line jlluminatign is directed at the inspection position is preferably variable as required using

techniques KA HELbIekTtS AltHRah et 6% gphiaciorat My AT krasHERAISTSh the art

that the wavelergth 0t timibinling Wwminaiion meybmselecedbasdoyaniadosssiraeired. Preferably,
broadband wavelength of the thin line illumination is selected for 30enhancing accuracy of at least one of
defect b%tection, verification, and classification. 54

The 2D image processing process is preferably an automated process. Preferably, the
CPU is programmed for, or comprises a series of computing instructions or software
program, for automatically performing the 2D image processing process. Alternatively,
the 2D image processing process may be facilitated by an at least one manual input as

15  required.

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

20  illumination.

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

25  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
is shown in FIG. 24.

30



The wavelength of the thin line illumination is preferably similar to that of at least one of the brightfield
illumination, the DHA illumination and the DLA illumi éation. The first 3D image is converted to image
signals and transmitted to the CPU in a step 5716. In-a step 718, the first 3D image is processed by the
CPU for at least one of 3D height measuring, coplanarity measuring, detecting and classifying a defect.

Preferably the stens {%bio /48 canhedepsaigedzany number of times for capturing a corresponding
number of 3D images, transmitting the corresponding number of captured 10 3D images to the CPU, and

processing tﬁé%éﬁ‘?@s%gnﬂﬁﬁa% Bt sseniRgREOceRy Sipinmdleaasien i pelifskedat any

number of peggigieImipedRE SeifCiRd iMaaeneaRtye pesitiaes apnakbenyrfarsqanmesigshpath of the
wafer 12. Preferably, the first 3D wafer scanning process 700 enhances accuracy with which the 15

exemplary mBERIEBEhRIpRERLigsRenitoRRI T RUFer SkiBPe’ Specifically, the first 3D wafer scanning
processs700 enhances accuracy of defect detection 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 balfs 2GSRFBIS RafBa g oRNARNG H IR & frierted B threl 48Tl the diNiievafer 12. 20

Preferably, rgsudistopdiRrisiRE Al ShanspepasitipnsithererbfRip@erssing: aildRiaase e saved in the
database of the CPU., Alternat_iv%lg results of the ste% 718, and reIDetitions thereof, of processing of 3D
S i

images are SKEH I7 &h GHEREIRE BEUEn Beo hBRBI QBiscl EsiFag el 258 BB Psecond

three-dimengiofiaé GHRWAIQE S8 MNCPERCEISH CoR&adialsmBaitsaddnstiaadof snenfirgtigxeimplary 3D
wafer scanning process 700. The optical ray path of the exemplary second 3D wafer scannjng process
abtedpdnalG i b

750 is SHowrl iEREISE trop aRatHG BPeERs ATt dfdtdRt st d UkSmBENFSAROANBD wafer
scanning progessignimas shown in FIG. 26.

In a step 710, the collimated thin line illumination then passes through the tube lens 60
before entering the 3D profile camera 56 in a step 712. The tube lens 60 preferably
15  focuses the collimated thin line illumination onto the image capture plane of the 3D
profile camera 56. Thin line illumination focused on the 3D image capture plane enables
capture of a first 3D image of the wafer 12 in a step 714. Collimation of the thin line
illumination between the 3D profile objective lens 58 and the tube lens 60 facilitates ease
of introduction of optical components or accessories therebetween, and enable flexible

20  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
25  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

30 enhancing accuracy of at least one of defect detection, verification, and classification.



55 In a step 752 of the second 3D wafer scanning process 750, thin line illumination is supplied by or
emitted from the thin line illuminator 52. In a step 75é the thin line illumination is directed at the
inspection position by a reflector assembly 80. The Z{‘Iector assembly 80 is alternatively known as a
prism assembly or a two mirror or prism 5setup. In a step 756, the thin line illumination is reflected by the
wafer 12. Thimdingliusninatianne iestedoyiiheinmeatar ik rasrhe yeflaoteddnitdifferantdivestions depending
on the surface profile of the wafer 12. For example, structural and geometrical variations on the wafer
1012 can catiéPRMtARdiHE mipAinRi e B'Be ﬂﬁﬂgéf&ﬂl%"fﬂ%%%\ AJHNRifaYeRAt directions (otherwise
known as dispersion of illumination). Thin line illumination reflected by the wafer 12 is received by the
reflector assembly 80. More specifically, the reflector assembly 80 is configured for capturing thin line 15
illumination reffedtsd APnioREd LrRRYdHY Mé@&%l?ﬁﬂ?@réﬁ%&f@?%@%ﬁ@%@ EoH st s ERirst pair of
mirrors §r prigivsi@2aaneha7ascons Mai Db MiEReEsiopoieted4bythe step o8 atatieateddhin fpe
illumination travels along two optical paths, namely a first optical path via, or as directed by, the first pair
of mirrors or!}5iErh D3 Wipea ORI BpTREAP HARS 5 CHAS Hlfedhsabn & dsiednd pair of mirrors or
prisms 84. It will be 20 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. ThETHFTAME HSHSIABLIT4r &R elitty oMY SSRHGH RS BRHCAl PHIF Sbef tFPEEEBhE 25 optical
path passesdhieugbhtiigcohiamireolesd H3dpes, stemsifhlinEhadwertbipdienll umingsiostscapasiay through
the 3D profile ohjective Ienﬁ 58 are collimated. The first pair of mirrors or prisms 82 and the second pair of

mirrors'Br prith S dpFRfeS Ay &)thatircsifyy ghgifigRetponding number of 3D images. The

steps 702 to 718 can be performed 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 which the
15  exemplary method 400 inspects a semiconductor wafer. More specifically, the first 3D
wafer scanning process 700 enhances accuracy of defect detection 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.

20
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.

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 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

30 750 is as shown in FIG. 26.



56 tube lens 60 facilitates focusing of the two thin line illuminations onto the image capture plane of the
3D profile camera 56. Focusing of the two thin line illyminations onto the image capture plane of the 3D
profile camera 56 enables capture a multiple view 3D profile image of the 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. ImaySiep 750, Sramputiiadien JRrerqlisimagsricogeeseriRyitei TR i@t lRast one of
3D height measurirégécoplanarity measuring detectirg%{an.d classifying a defect. Preferably the steps 752
t

to 770 can bR'PBHELtEY SRy TR SPEHAR fhcIHINRYY cormdBpbrtiRg rtmiBerBiniiifiple view 3D
images, trangpiftingiie ROURsOEANHOMYIMREEQ{RRsYERd MblfinleviRwSP IRaass tatherg@PU, and
processing the corresponding number of multiple view 3D images. The ability of the system 10 to perform
the second 3B AR ASARRING Do LS4 hokBRRIIAS LRPIRSEMBIHARAAYR BB RHAHRE SR the wafer
12 using a sipglp.3D image capture device 56. In other words, the second 3D wafer scanning process
750 enables capture of images having multiple views of the wafer 12. Each of the multiple views of the
multiple view 3D images captured represents illumination reflected by the wafer 12 in a different direction.

Capture of miliiptep/iee, & thiadee afdhenvadarid Zfl@tdDbinmpges2e Mavimemuiiplenieximef the wafer
12) improve accurac;agf the 3D profiling or inspection of the wafer 12. In addition, the use of the two

symmetricalfFpORbREPMYAFS b FHsR%Te2sIRd dn BHEMBS ISR AR SFPrafad A tHaSRater 12 in
different diregiégne &9 bR reAdbiecieFiorerapipie RyuhierdDiage Gapitde demgenstonitvslWagednderstood
by a person skilled in the art that the refl ctqr assembly 80 can be configured 25 for, di%cting illumination
reflectéd fro&?tﬁ@%&?@?elﬁ[‘ﬁ m’tﬁlltri]ﬂ@ dITREHBALOR P RE RIS 10 P ABE, YtiFad ADediteEhons) to be
captured by @isinglaexpeswsotibe sbk inagestapsdie daieads. To receive two views of the same
profile of wafers 12, existing equipments use 30 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 prenibifndatarmingébray pedtedobinehewitiplel IiagecepRWIE deyietRciissieigbspgothe

dispersion of illumination dye to structural and geometrical variations on _the surface of the wafer 12
typically resuft§'fh ﬁ?SSEE‘F estn?sfﬁéﬁ?\?ﬂé\ﬁsﬁ%‘ﬁ’%& gfbpllﬁr&f f%ﬁ‘@&/aﬁ’ér qapturing thin- line

15  illumination reflected in multiple directions. Preferably, the reflector assembly 80
comprises a first pair of mirrors or prisms 82 and a second pair of mirrors or prisms 84.
In a step 758, reflected thin line illumination travels along two optical paths, namely a
first optical path via, or as directed by, the first pair of mirrors or prisms 82 and a second
optical path via, or as directed by, the second pair of mirrors or prisms 84. It will be
20  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
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 or prisms 82 and the second pair of mirrors or prisms 84 are preferably

symmetrically positioned.

30 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



5To overcome the variation of the strength and weakness (i.e. the dispersion) of the reflected rays from
the wafers, the present system 10 enables illumination reflected from the wafer 12 in different directions
to be captured by the 3D image capture device 56. %re specifically, the system 10 utilizes the reflector
assembly 80 for receiving and directing the illumination reflected by the wafer 12 in different directions for

subsequent ¢ CRRCHYTLARUES RICIRR SBFIMasR SaRtlRdauies RRiohDISHE RS ihipprapaccuracy of
3D profiling and inspection of the wafer 12. The use of a single camera, more specifically the 3D image

capture deviRE'505145 Shharids catcEhd g Rty SMh&hey dtemHeniaHABIABIR tee ability to
use a single jghiestivpiaRsyned a5 s HIRRJARSs diMtis saspaties Qhipeiiva lanadiandiibelens 60) for
capturing multiple views of the wafer 12 15enhances ease and accuracy of calibration. After completion of
the first 3D WAPEHSERARTR] Proeder 4807 #iePsind 3D wafer scanning process 750, all the detected
defects,sand the locations and classifications thereof, on the wafer 12 obtained by performing the steps
416 and 418 are preferably 20 consqlidated. The consolidation of the defects, and the locations and

classificationh8rebiPle KD dirliladBier af hieNral b GORVSHE P ADRE5 AR aidtably, the

review scan imatigneat imeadoulates hasgdDmihalgsationmesatgats\ieiestegonthaiyadas 12 along
the wafer scan motion path. In addition, defect image capture positions along the review scan motion path

is calculatedPBPFetendBCitHAe S8 las e direlt BHShh B LS ISRIBHY ZRCRslIEMSted in the

step 420 predetehiycanesnesdywyith thefoaatons @blihewaigssl2satiwiith dafastsaperedelegted (i.e. the
DROI of the wafer 12) during the steps 416 and 418. In a step 422 of the exemplary method 400, an
exempl&y réWERHB éggeéo%“isc%tbré%ﬁn%welsﬂgnr@@%\ﬁmg SO0 WS HIE eV AMB G fects

detected in thenstapsrblhaoe i Boitiaie rbipe g tRpieve PacRESSHRWoNIisYieatdenstCre, of a first
mode 800a, a 58 second mode 800b and a thirgl mc%de OOIC' A &rg%ess flow chart of the exemplary
review procés BERFFSURBIT fiPEEfepopping number of multiple viel 3D images.

The ability of the system 10 to perform the second 3D wafer scanning process 750
15  enables capture of multiple 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 multiple views of the wafer 12. Each of the multiple views of
the multiple view 3D images captured represents illumination reflected by the wafer 12 in
a different direction. Capture of multiple view 3D images of the wafer 12 (i.e. 3D images
20  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
25  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
30 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-



Exemplary review process 800 5As previously mentioned, the review process 800 preferably comprises
three review modes, namely the first mode 800a, th(%jecond mode 800b and the third mode 800c. In a
step 802, a review mode (i.e. one the first mode 8004, the second mode 800b and the third mode 800c) is
selected. 10 First Mode 800a of the Review Process 800 In a step 804 of the first mode 800a of the

review procegse3hdeairphimages and ipesacorcipageashals thadateds deterteskguring the 2D

image processing process 600 performed in the step 416 of the method 400 are consolidated and saved.

15In a step SO6 ARSI HERIRF EHIEAl MRAFEPRALYRL YR Eerb AR iRtk thENgetades tHetected on

the wafer 12igse-alpjaasiac of trRbsieired ia an gXtealsiragaplusel\@iferaigfiine review. Ina step
808, the wafer 12 (i.e. the current wafer 12 on the wafer table 16) is unloaded 20 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 864 toROBisrepeated fesibeseepntwvaiengiivesiepe80rdo 810 ale aagupntigllvrepeated any
number of times, depending on the number of wafers of the wafer stack 20. Repetition of the step 804 to

810 results ifFTE5EG A%t ARBAPEnH LSRG OPIRS HrSY AL S ehtplss dBnp L gRLSIsciRtblIBt each wafer
of the wafer giackaZ4, Enehtaerptaadingeebivading tmaaesiandtheeeanddnagas @ ihe egernal

storage or server for an_offline review. It will be appreciated by a person skilled in the art that the first

mode 800a MR SREFUFHI¥CLRS BotBhdBiediatsiiads rARSRER S e 'Sfe 8 B B0 without
need for useditateiive monianshatibe v fRQadteslingepragiictivm Titeftst medadiaofibedaview process

800 allows co }inu,ing production while user can perfgrm offline review of saved images. In addition, the
first 5 collective capture by the 3D image capture device 56. This helps to improve accuracy o

3D profiling and inspection of the wafer 12. The use of a single camera, more specifically
the 3D image capture device 56, also enhances cost and space efficiency of the system
10. Furthermore, the ability to use a single objective lens and a single tube lens (in this
case, the objective lens 58 and tube lens 60) for capturing multiple views of the wafer 12

15 enhances ease and accuracy of calibration.

After completion of the first 3D wafer scanning process 700 or 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

20  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

25 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
30 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



mode 800a of the review process 800 increases system 10 utilization as well as productivity. Second
Mode 800b of the Review Process 800 5 In a step 8§§) the second mode 800b of the review process 800,
a number of review images is captured at each of the"defect image capture positions as calculated in the
step 420. More specifically, a review brightfield image and a review darkfield image are captured at each
of the defectipaigeHadiWEOBARtiNG RS FRISHIRIOE. IA Eﬁl@c@@%&%ﬁ%&‘ﬂ%ff endewdmaan, Gapiewe device 60
shown in FI0.14. This is to say a review brightfield 10 image using brightfield illuminator 62 and a review
darkfield imd§eGeiittHe thawndrifiltidator 64 are captured of each defect as detected or identified by
the 2D image processing process 600 of the step 416. Each of the number of review images is captured
by the review |mae capture deV|ce 60 Preferably, each of the number of review images is a colored
image. 15 It #AH% L Zon skilled in the art, provided with the disclosure of the present

descriptipn thgt ﬁ?&&zﬁ@@@s ﬂieﬁ'tii‘)bétg hﬂﬁl@lelsui@ml@%@3@80@@%@%]%@@@9@@5ugﬁaef%ﬁ@murlng the
brightfield review images and darkfield review images respectg/?eQémay be determined and varied as

required. FoP s BRINEhS e FHEE ARaslsS8PmuRsinesrRI daades BRdrihg thisd st Werdtidw images

may be selesigsl sumed enitypenotiwaier dptetiifRusaodd Btnsyaierntdéhwinhiel BORYiaW aidased on

the material of wafer 12. It is also possible to capture multiple review images using various combinations
and various fh%&aﬁ?e%% df BFIGR%EId and darkfield illumination set by the user. 25 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 consglidated and saved. The consolldated and saved review images captured at each of the
defect iMage Haptids Sty 1 449 the external storage or server for offline review in a

step 824. 60 at6teROA2E, ﬁllitemafemddé (8@)&%&3 garieniewapesbsos0thehyaian mhigeknis thieloaded and
a second wafer is Joaded fro &éﬂ waf r sta%k 20 %% o the wale8 able 16 by the robotic wafer handler 18.
In a step 828°EHEh'BIAHE Step e 1P5r thie SBCOPRPRAIEFCE s Bliac N saved first

images and pegontdmaghs @ép*lefm:tﬁ tirtacieddootthe: seaesiiiwaieimreavplivaded to the external
storage or server. In the second mode 800b of the review process 800, the steps 820 to 828 can be
repeated any number of times, depending on the number of wafers of the wafer stack 20.

15 In a step 806, the consolidated and saved first images and second images of the defects

detected on the wafer 12 are uploaded or transferred to an external storage or server for

an offline review.

In a step 808, the wafer 12 (i.e. the current wafer 12 on the wafer table 16) is unloaded
20  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
25  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
30 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



Repetition of the steps 820 to 828 results in consolidation and saving of the captured 10 brightfield
review images and darkfield review images obtainegséor each wafer 12 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. The second mode 800b of the review process 800 allows continuing production while 15 user can
perform offling,tRVigyn£f savRs AAeRS plhe secnd imeea0Qbsaitha sevieny Riegess §RM allows
capturing multiple images of each defect at various combinations illuminations for offline review without
affecting maBFAB%ation and improves productivity. 20 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

840, the user captures a first review brightfield
image and af# HEWdo griageata t image capture position. In a step 842, the user
manually inspegtstep rexiews thediistipdewods brighfigiddmnagend 8oe fisshuawewsdarkiigld image
captured. Preferably, the first review brightfield image and the first review darkfield image are displayed
on a screen BRAEOhitoTIPIELiRtSaal e JRtsst LRGsTaPAYERPRTEoNS & sk lded 18 ﬁiﬂé'ﬁ?view the
defect at diffgpenivibinigaiioncanmbinaiionusngniiielarigifieldand theidarkiiglditldminaterarl In a step
844, the user either accepts or rejects or reclassifies the defect corresIoondjn%to the first defect image
capture positHUHEHALEE5E 8B o84 A FPRBHE SSTLIRM bt it b i e AR JéR MR ct image

capture positisnswasreaieudalrarin dba e ARBwaAfteFile13tepsiS49 to 8§44 anesequshbindierepeated for
each and every defect image capture positionﬁgpositive defects and their classifications are then

consolithted HAEF skRg MIEhHS IR of e SR8 ARY AL SHERRRS dstBedhs fatHLsHd

classificationgarenthen eplerdespairtmasieniadderébe sxippalatoagRaitarvey e SEpdisk In the third
mode 800c of the review proce 8%0, the wafer 12 (i.e_the current wafer 12 on the . 10 wafer table 16) is
only unloadéﬁoafﬁésr‘?ﬁéaﬁ%ﬁ?ﬁlgﬁﬁr? ftlﬁétg?e%lgﬂ%? %%‘?Wt?ﬁ\f# B IS3pPRaRER# 59PIY5eson skilled
in the art thapyhie héd swose 8O 0gpaith aeravics0 PPecRssbIgOeHtRSOE AR AUAIIRLSErdYieseineeees input for
effecting the.visuaj inspection or review of each wafer. 15In a step 848 of the review process 800, the
wafer 12 (i.e'*tA&% 8’??@:*%‘?& 12 on the wafer table 16) is unloaded and the robotic wafer handler 18
then loggls a second wafer onto the wafer table 16 from the wafer stack 20. The steps 840 to 848 are
repeated anit[ré%ﬁ%)r of fimes gei%endinr% onsﬁgﬁe%umb r of wafers to be inspected (or nu lg&r of wafers

in the wafer understoo a person in the art, provided with the disclosure o
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

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 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.

25
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.

30



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 (Pcaptured images to the external storage or server.
The first mode 800a and the second 25 mode 800b represent automated review processes. The user is

able to access theepreemahstargee o gerve fenadflinearyiew &f the wartuigsldmagesaiagedvhen
required. The first mode 800a and the second mode 800b enable continuous review of each of the wafers

12 of the waf8f 2a9c¢9ts SrfisE Bolidad fomdbe wafrttadoroneieitls, Wasadehifa Qdide62 in the

present desgpien vaReEarIRKIled In ihagr8rRyeSRRIPhmaligspatve Bview Rragrasesor different
permutations or combinations of the steps of each of the three review modes 800a, 800b and 800c. In

addition, it wif998hPRFELI St ea e AlsaKArE T tResst dres dMieethbdeistie Arirdads 8000a,
800b argl 808i¢ theaebshinpeitiegocaiedad ae watharsusing aieiheds known in the art without
departing from the scope of the present invention. After the performance of the review process 800,
verified defects, and the locations and classifications thereof, are consolidated and saved in a step 426.

The verified defleetecand Qi gomeatiansravidwipasiisagonsiibeieps, e earsobisiated-agndsaved either
in the database or in an external database or memory space. The wafer map is also updated in the step

426. As preiBYsI BREE e 4t HIGPERLIRE pRlrdBeh AP AR d M AGELS D AliFn AEE aHEB LA 15 images

is comparedRyitBtRicRrEESRending gotden seferenae an refasenasivnageifenvientiying essleiegting defects
on the wafer 12. The exemplary reference ilr%}aﬁe creation process 900 provided by the é)resent invention
&

(as shdWn PRI FE¥imKHRASSAh B HEAT A3l B R Ripaeboh &880 v belifferstood by a

person skillegifetheaart ttiatihe mécmpneslinage dedtion ipiesassRDtheaseednd haigtereddeas a
training process.%i As previously described,.each of the 2D brightfield images, 2D DHA images, 2D DLA
images capttEdHuANG# s P WaFd PERRNHHBIFOLEYs 500 are preferably matched with their

corresponding reference images created by the reference image creation process 900. 25 An exemplary
comparison process is alread fglm)scr'b d with the 2D im processing.process 600.. However, for
increased claify “5QlhEHS SPTRRNG BT SATRLUAUGES SHE TUHENE RERHRIGRSE S ovided
below. IFirstlyssubpixedadighrotitihefitheselgcied-workines iMmage is periaoned0Hng knovevieaferences
including, but not Iin‘gb%d . . . o
process allows capturing multiple images of each defect at various combinations
illuminations for offline review without affecting machine utilization and improves

productivity.

20  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

25  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
illuminator.

30



30to, templates, trace, bumps, pads and other unique patterns. Secondly, the reference intensities of the
working images of the wafer 12 captured at predetermined image 63 capture positions are calculated. In
other words, a plurality of reference intensities for e clh of the plurality of pixels of each working image of
the wafer 12 is determined. A plurality of statistical parameters for the plurality of reference intensities of

each of the plupaliby Gunixals wleeanRavarkiisiBlagr ok thervadesifidsitihgrréaleupigshrithg &ppropriate

reference image for comparing or matching with the working image (or reference images for comparing

with the workigfifih &St tRescsorRitEn. RS QPprbRfiaisRerRFant fifhgusstprarsraRntalbeted from

the multiple refeEeAre ivadesmareainddey-hematerennainraricrRaliQalBieaessOde. sReference images
for comparison with working images are selected based on the calculated plurality of statistical

10parameters. The CPU is preferably programmed for enabling selection and extraction of the

appropriate rgferentedinngs4o whicha the weiking imagepwitbbercosaparasiosvestchee:.Mprgsspecifically,
the CPU is preferably programmed for selecting reference images for 15 comparison with working images

based on th&EIHGIRR N aRYSBhGaArdfict padatheielasiiaiany dse Lo artrshidald &tfage, of the

normalized ayesada QLEHENEITHAGAMoTRAEREA HeWalighs NAXiIaREB ARAINMBIM Mt (collectively
known as statistical parameters) of each pixel of the reference images by the reference image creation

process 9004nAATLUBIAdH Anrastairady DK LG ot e5aga At e 2B apHpiate Feflience image

to which the wiedkingliTsane viiliteereaaw precess UG SPending quanttative datafenradr pixehof the
Workini image js th&n cadculated. The &gfﬁitaﬂve data js for example noﬁ&nalized average or geometric

mean, Stand¥AIGERLIOR) B aRhtRCafe AlRR M AT SRS RS RN F SR HBskiIng iilge. The

be appreciated by a person skilled in the art that the third mode 800c of the review
process requires continuous user presence or input for effecting the visual inspection or

review of each wafer.

15 In a step 848 of the review process 800, the wafer 12 (i.e. the current wafer 12 on the
wafer table 16) is unloaded and the robotic wafer handler 18 then loads a second wafer
onto the wafer table 16 from the wafer 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).

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

25  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.

30 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



25quantitative data values for each pixel of the working image is then referenced or checked against
corresponding data values of each pixel of the selecé%d 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, 30predetermined threshold values are set by the user. Difference

between thejguaptitatiadatacypiies, of peiebh afiirvarking imadeyaphpiselalei-Havefrreege image are
matched 64 against the predetermined threshold values with one of multiplicative, additive and a

constant valBE9Fi58 GrdiERERbeRIBBREIREY LSRR hithss Bemixl<arinel brKilEmage and

pixels of the kafRkeREEIKNB0E.ISSORAIEH hEut the RIedeiemngchthissheidivalbes, peAsfeatiiRiadefects) is
flagged. S The Hredetermined threshold value can be varied as required. Preferably, the predetermined

threshold valtidh§ ¥4bY el himbreringenyy srdre §HeRo BBt SitsidRy Bserddi fhined
thresholgl valuedsdpieiethiydvasiad arfesisinaddapandngron e ol daiesiiebe drtecissh sraterial of

wafer 12 presented for inspection, or 10 illumination conditions. Furthermore, the predetermined
threshold vallie Py Hd™t8H depending on a customer's or more generally the semiconductor
industry's, requirements. An exemplary system 10 and an exemplary method 400 for inspecting
semiconductor wafers are described above. A person skilled in_the art provided with the description 15

above will unti&TsEARPTHAPRRGIfBABBHS YRR &yistam Yerdivd tidsrietBd o' ¢hay Be #she without

departing fraidtigiaeans adlkepieseohiouanitaniiaim ex@mpleGLILEe IR Glsieas @ifthe ragthod 400,
and the sequence of steps of processes 500, 600, 700,750, 800 and 900, may be modified without

departi]n% fr&ﬁ?t‘r?éaé%ﬁé‘%‘i‘ ﬂ%@sg{g@&qpﬁﬁ@ﬁmfn are consolidated and saved either in the database

or in an external database or memory space. The wafer map is also updated in the step

426.

As previously described, each of the captured brightfield images, DHA images and DLA
15 images is compared with a corresponding golden reference or reference image for
identifying or detecting defects on the wafer 12. The exemplary reference image creation
process 900 provided by the present invention (as shown in FIG. 18) facilitates creation
or derivation of such reference images. It will be 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 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.

25

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
30 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



20It 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 waigia st pesiIsRectiapupastion feminagacaniyrithareef, anddaesuhnspauentgeceleration
and transport of the wafer from the inspection position after the images have been captured, as with

several exisiAtPsehiloRbtRESY Rhrikshspbeach Wpekingsinkassvit hrayatstidessiatrarinsdutiple image
captures faclitgiginregessing @l the sankredimaoprigiyesebyraeiret thefasisthat Baal be dresent

therein. The offset relative to the particular set of 30images for the same wafer enables the software to

accurately dBteiide theP B /o r@h&fed o KB dRREF 198 WisreW &, SuSesantgictiatssbsitin of the
wafer ingthe gk iianeeRechbie piise! ippreiaipiv dejermingdby weading therkneodanyalugs in both the

X and Y displacement motors and is used to calculate the co-ordinates of a defect or defects. In addition,

the use of tWEIHFAGEs HA85&nf ShsPuRPRI oLt dhfbifee kg aHIAGEY ofwiBedifrsishtsthaliky
techniques fapfasilifating RRIR @cslaiaatgrinsRestiencd vl lsahgupiesstpamtbymagesson skilled

in the art that the time-synchronization of image captures can he altered as required. More specifically,
the time-synEiAbfiTZ B4 dRELF 158 Saj e SEP B AR B eRTg S A BRI P e BYBS a R P ¥ Poller to

compensatev@himagriaifsahhetwess higecaturastimageshel halsyriem pliandymethodwkdiaf the 10
present invention facilitates accurate synchronization between supply of illumination and exposures of
corres ndirli’érméféscapture devices for capturing of images to minimize degradation of inspection
quality. llluminations used with the system 10 can be in the full visible spectrum of light for 15 capture of

enhanced quality images. Intensjties of illumination and their combinations supplied.for capture of images
by the systeﬁ‘iocggﬁ b8 é&%?@f%@%d’éﬁgaﬂa% ie@%f?@ﬁﬁﬁ%dsalé’ﬁgﬂ'aiﬁé‘in fgﬁf%trlgl?n& ditfy, but not
limited to, typppebsieiecisftadiedriagted, malerialohibtkivalenarovallingansipatsdade magpration. The
system 10 aﬂéj method AOﬁfr?&vi cbbsy the present invention a#so egables measurement of height of 3D
elements on IOt ESHT A B G bid P S BROMIB SRR S LR 5 RS T system 10
of the peserbinpeniian hathan optical sefyesWhiskddess net requinatéeoplantispabal keamiligurations to
cater to changl?s in wafeI; s%rucltj&lre r ch aclteristics. :

parameters. Preferably, the calculation, and storage, of the normalized average or

geometric mean, standard deviation, maximum and minimum intensity (collectively

known as statistical parameters) of each pixel of the reference images by the reference

image creation process 900 enhances speed and accuracy of selecting or extracting the

20  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
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.

Comparison of quantitative data values between pixels of the working image and pixels
of the reference image enables identification or detection of defects. Preferably,
30  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



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 of introduction of

optical components and accessories into the system6 0, more specifically between objective lenses 40 or

objective lens mechanism and the tube lenses 36, 38, 60, 72. 66 The vibration isolators 24 helps to

enhance quality imagas kantuigsubintBeHIst iage waRtuiR dsviaaIgglithe eIt veagR capture
device 34, the 3D profile camera 56 and the review image capture device 62, and thus the accuracy of

defect detectiotst#Rta¥titfor tHe YU IEIBRC OO b idh QrREHMS drtauyatecsishiabehient Hifd alignment
of the wafer R rlativa dBeasRPEIQNIPOBtiGRfASHEeseithrd i heRackarpund pxiRiRieigtarence

image derivation or creation processes requires manual selection of "good" wafers, resulting in relative
inaccuracied Mot As et Qe ivbe iRnsriagesthages. Accordingly, quality of wafer inspection is
10 advessely affected. The system 10 and method 400 of the present invention achieves enhanced
quality of insit()action by creatir(li%]reference images without manual selectign éi.e. subjective selection) of

"good" wafersher ¥ EFLTERtE dm By eskriddA Brocdls 860 Lt by d5pHiationtoeisibhént tresholds of

intensities agieasteiffereatlaestiivasvafibeswatesd thiSsapepmenadaibacp T ine andiningtiomvariations
across the wafer 12. 15The method 400 therefore facilitates reduction.in false or unwanted detection of

defects and SRS REARGHEME G (RS PBlWATLE isdpetarBhlyrHE T asdR et YiABI88 automated

defect detectign usingefitcanalybicalisneeel onseitvare thahtamparprseiesents imsgesivith gaptured
images of unknown quality 2Q wafers. The present invention also enables %i}tgmate?q defect detection,

preferatily b BPHRG QRGHAP Bh AL Resm it Brr detagrR e hisshoidy g Ben g AlRRthce

images).  depending on a customer’s or more generally the semiconductor industry’s, requirements.

An exemplary system 10 and an exemplary method 400 for inspecting semiconductor
wafers are described above. A person skilled in the art provided with the description
15  above will understand that the modifications to the system 10 and the method 400 may be
done without departing from the scope of the present invention. For example, sequence of
steps of the method 400, and the sequence of steps of processes 500, 600, 700,750, 800

and 900, may be modified without departing from the scope of the present invention.

20 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
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 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
30 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.



The present invention enables automated review mode without significantly affecting 25 production or
inspection of wafers. In addition, the present inventign 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 parametgss, s @XRPRI&HIFRI ARtdHUMEBEPRdMaNsitiRSenbddt? heularagend manien@ly exemplary
system and an exemplary method for inspecting semiconductor wafers and components provided by

embodimentdi SHaERFRSEN SR Bseddescalpeiaterihe sqeminatsssobrArtiat thafibeidlitesses at

least one of fagiissuesOuFAHems fnaeesy exisling $ROIteAMGOEMsNactoRwsiRRSANd/sethods as
mentioned 5 in the background. It will however be understood t%’a person skilled in the art that the

present invefEHSREt ABRRRZLECTEIgYESfRY fartlatip EmgEnishtsal; WRlREdIReFihe embodiments
described above. It will be apparent to a person skilled in the art in view of this disclosure that numerous
changes and/or modifications can be made without departing from the scope and spirit of the invention.

10 15 20 25 16¥8af3be. undristagd R tastrmgkied &% BF 2tk dhat tsiBremEehropieyioniy the wafer
along a scanimgtiompatedhahinelutiesa fissterar@osiben specifically, the time-synchronization

may be adjusted for enhancing the ability of the programmable controller to compensate
for image offset between the captured images. The system 10 and method 400 of the
10 present invention facilitates accurate synchronization between supply of illumination and
exposures of corresponding image capture devices for capturing of images to minimize

degradation of inspection quality.

Illuminations used with the system 10 can be in the full visible spectrum of light for
15  capture of enhanced quality images. Intensities of illumination and their combinations
supplied for capture of images by the system 10 can be easily selected and varied as
required depending on factors including, but not limited to, type of defects to be detected,
material of the wafer and stringency of wafer inspection. The system 10 and method 400
provided by the present invention also enables measurement of height of 3D elements on

20  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
25  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.

30 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.



5capturing a first image of a first region of the wafer at the first scan position using a first contrast
illumination; capturing a second image of substantially the first region of the wafer at the first scan
position using a second contrast illumination differen6[ rom the first contrast illumination; 10calculating an
image offset between the first and second images; correlating the first and second images using the

calculated inage, Hfsebia Qpiair tvpHangoRScahaHterant RO astibeninatirnswf theigtiregien on the
wafer; and identgﬁjgg defect sites in the first region on the wafer using the two 15images of

different contPREEEAdRTIRSIONLDS Seernehinage Sihreidmrce e thest RoneHY ARRSHa ORISRy brightfield
illumination agddRe firstdpagerbeina@ wightfieldinagei i dhemueitadeticain iddgosecond

contrast illumination being darkfield illumination and the second image being a darkfield image. 4. The

method as iff8ainY Rlherdhs axtrmaheraRiesantraatsidisriastiBrnhAn Rl SunsRacl Sher 2&fMumination

being atsleastoorealbrighifiglectivamiasiion. 25darkfield high angle illumination and darkfield low angle
illumination. 5. The method as in claim 1, wherein the first image is captured using a first sensor and the

second image is captured using a second sensor. 69
As described in the background, existing reference image derivation or creation processes

requires manual selection of “good” wafers, resulting in relative inaccuracies and
inconsistencies of derived reference images. Accordingly, quality of wafer inspection is
10 adversely affected. The system 10 and method 400 of the present invention achieves
enhanced quality of inspection by creating reference images without manual selection
(i.e. subjective selection) of “good” 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.
15  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
20  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

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 considering multiple factors and parameters, for
example different illumination intensities.

30



6.The method as in claim 1, wherein capturing the first image of the first region and capturing the second
image of substantially the first region provides sufficient information for identifying defect sites in the first
region. 57.The method as in claim 5, wherein first illumination corresponding to the first image passes
through an objective lens along a first optical path toward the first sensor and second illumination

corresponding {Rethers&sapthimase PRES@MPESHANsBS hieaH VS iens ARt s& FonchoRtiealgrath toward
the second sensor. 108.The method as in claim 5, the first contrast illumination and the second contrast

illumination BERGAMHEEY Bisrisndompenenbyiynidrd Srosrbadinmimm Abe REsfntdrvaifikiield high
angle broadhanddiiHpinatio et and wdakiridlewanalabiaadhasskillwpioainn emiies 159.The

method as in claim 8, wherein each of the brightfield broadband illumination emitter, the darkfield high

angle broad BAARISTRINSASSHON EXIMIER SREMHRI ST RFRS ARG t5rBR aRd M QA AAFBFNERREL r emits
broadband iljHrHpieRLb@maubstantindy eaualvavRIBREd spaectemon 2RiMEd id the art that the

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

10
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30



25 12. 3013. The method as in claim 8, the brightfield broadband illumination emitter being a flash
lamp. The method as in claim 8 the brightfield broadé)gnd illumination emitter emitting white light
illumination. The method as in claim 1, the identification being a positive identification of defect if one of
the defect sites of the first image corresponds with one of the defect sites of the second images. The
method as icgging 1, the identification being a negative identification of defect if none of the defect sites
of the first and second images correspond. 70 14. The method as in claim 1, wherein capturing the first

and the secdnd imdy&¥ WARETHRG Rass QiR RIS S ORPTAIRSEthod for identifying defect sites

comprising: displacing the wafer along a scan motion path that includes a first scan
position;
5 capturing a first image of a first region of the wafer at the first scan

position using a first contrast illumination;
capturing a second image of substantially the first region of the wafer at
the first scan position using a second contrast illumination different from the first
contrast illumination;
10 calculating an image offset between the first and second images;
correlating the first and second images using the calculated image offset to
obtain two images of different contrast illuminations of the first region on the
wafer; and
identifying defect sites in the first region on the wafer using the two

15 images of different contrast illuminations.

2. The method as in claim 1, the first contrast illumination being brightfield

illumination and the first image being a brightfield image.

20 3. The method as in claim 1, the second contrast illumination being darkfield

illumination and the second image being a darkfield image.
4. 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,

25 darkfield high angle illumination and darkfield low angle illumination.

5. The method as in claim 1, wherein the first image is captured using a first sensor

and the second image is captured using a second sensor.

30



5providing a first image of a wafer, the first image captured using a first contrast illumination and
corresponding to a first position along a wafer scan motion path; providing a second image of the
wafer, the second image captured using a second contrast illumination different from the first contrast
illumination and 10corresponding to the first position along the wafer scan motion path, the second image

captured dirgctly supsegiadasihe gapturevdhenfkabimragane firseigtiadinpaespaliataifaataf the first
region of the wafer between the first image and the second image; and identifying defect sites

on the wafer at the ARESBGHIR SLFRBLHDARS: 95 RaRRIEAHM HAS Scinte fioRgRrOMidern I HHERId as in

claim 15, wherein igefatifyitiod eiedsitasian degvalessah e first ResMion comprises referencing the
second image to the first image using the spatial offset. 20 17. A method for optically inspecting a wafer

comprising: defining a scan motion path a plurality of image capture positions along the scan motion
path; displacing therwafekalonaing s¢ammotianpahfiandiRheapisIgRBbliBagemhiofigach image
capture position within the plurality of image capture positions while displacinﬂ the wafer alpng the scan

motion path, each PERE5F G TepRbsthiRE di¥mfBsitiage 2dpilrePHsitratnaioy ceshipridt

sensor and second illumination corresponding to the second image passes

through the objective lens along a second optical path toward the second sensor.

10 8. 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.

15 o. The method as in claim 8, 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.

20 10. The method as in claim 8, the brightfield broadband illumination emitter being a
flash lamp.

11.  The method as in claim 8 the brightfield broadband illumination emitter emitting

white light illumination.

25
12. The method as in claim 1, the identification being a positive identification of
defect if one of the defect sites of the first image corresponds with one of the
defect sites of the second images.
30 13. 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.



a first image of the wafer positioned at a specified image capture 30position and captured using a first
contrast illumination having a broadband wavelength]; and 71 a second image of the wafer positioned
substantially at the specified image capture position a%d captured under a second contrast illumination
having a substantially similar wavelength as the first contrast illumination. 518.The method of claim 17,

wherein captufing arpaihRihaaesforgashimAsecARIMaIRASIHRE MithiRnherRlu@yofinage capture
positions comprises: exposing a first image capture device during a first exposure time; providing a
first illumination duﬁﬁ@“fﬁéf"ﬁfg? BeoBalf it ieapture the first image; 10exposing a second image
capture device during a second exposure time; and providing a second illumination during the second
exposure time to ca?(ture the second image. 1519.The method of claim 18, wherein the second exposure

time immeditely f RAd fstdenpbentedgifet sites comprising:

5 providing a first image of a wafer, the first image captured using a first
contrast illumination and corresponding to a first position along a wafer scan
motion path;

providing a second image of the wafer, the second image captured using a
second contrast illumination different from the first contrast illumination and
10 corresponding to the first position along the wafer scan motion path, the second
image captured directly subsequent to the capture of the first image;
calculating a spatial offset of the first region of the wafer between the first
image and the second image; and
identifying defect sites on the wafer at the first position using the first

15 image and the second image.

16. The method as in claim 15, wherein identifying defect sites on the wafer at the
first position comprises referencing the second image to the first image using the
spatial offset.

20
17. A method for optically inspecting a wafer comprising:
defining a scan motion path a plurality of image capture positions along
the scan motion path;
displacing the wafer along the scan motion path; and
25 capturing a pair of images for each image capture position within the
plurality of image capture positions while displacing the wafer along the scan
motion path, each pair of images representing a single image capture position and
comprising:
a first image of the wafer positioned at a specified image capture
30 position and captured using a first contrast illumination having a

broadband wavelength; and



20. The method of claim 17, further comprising terminating capturing a pair of images for each image
capture position within the plurality of image capture_ 20 positions following a single pass of the wafer
along the scan motion path as a result of capturing ifformation sufficient to identify a set of defect sites at
each image capture position. 21. The method of claim 17, wherein capturing a pair of images for each

image 25 capture position compisss Ragsinerfikt WdBiNSIgnHRH 8BSRRAINGIjoathd dirgdaage through an
objective lens and passing second illumination corresponding to the second image through the objective

lens. 22. A method for optlE38F iFNEELRGSH WA R EFRBHEth B S e fiF A ARLCORATMBKERBAIANA plurality of

image capture positions ajgRénthe seammpIYNRHAF W dishiacinaibeiwatenalapdithsiss@snmotion path;
capturing a set of images in direct succession at each image capture position while displacing the wafer
along the scan motion path, the set of images consisting of: 5a first image of the wafer captured using a

first congrastijuminptiomieaniade bremsbandiwanalepgifiranda pad sECanskinage efdhanaler captured
using a second contrast illumination_distinct from the first contrast illumination and having a substantially

similar wavelength SPHE RRYeh B0 e pldfrliy of image capture positions comprises:

exposing a first image capture device during a first exposure time;
providing a first illumination during the first exposure time to capture the
first image;
10 exposing a second image capture device during a second exposure time;
and
providing a second illumination during the second exposure time to

capture the second image.

15 19. The method of claim 18, wherein the second exposure time immediately follows

the first exposure time.

20. The method of claim 17, further comprising terminating capturing a pair of
images for each image capture position within the plurality of image capture

20 positions following a single pass of the wafer along the scan motion path as a
result of capturing information sufficient to identify a set of defect sites at each

image capture position.

21. The method of claim 17, wherein capturing a pair of images for each image
25 capture position comprises passing first illumination corresponding to the first
image through an objective lens and passing second illumination corresponding to

the second image through the objective lens.

22. A method for optically inspecting a wafer comprising:
30 defining a scan motion path a plurality of image capture positions along

the scan motion path;



10determining for each set of images an image offset between the first image and the second image; and
identifying defect sites at each image capture positiO#by comparing for each image capture position the
first image with a first golden reference image and at feast a portion of the second image with at least a
portion of a second 15golden reference image. 23. The method as in claim 22, wherein the first golden

reference image correspopgp e thediesk eRptiastdMeupatianass gheysecond golden reference image
corresponds to the second contrast illumination. 20 24. A system comprising: a first image capture

module configured to capERf ¥ ii&taniagQbof Barst idgliFeth sperareion: atrraclhdaiisn SRS wafer scan
motion path, the firgoknageWaarcesRpRAIRY theaiish cantag ldminadion: 3ok SeeaRd dnpgeeapture

module configured to capture a second image of substantially the first region on the wafer directly
subsequent the capitd S elirst image, the second image captured at the first position and

correspgnding to a second contrgstfilstminatien dratis differentchpmdbe disiccontiast illktnination, the
capture of the first and second images occurring while the wafer is in motion; 30and 73 a processing

module programmed to calCtEEuRNhdResHEMRERML 3R YA 4R second images to obtain one first
contrast illumination image and ang&eaanmheest@sHkuNiTatieajmade Ritheafisstsagivdntihe wafer, the

processing module also pfgramimed g dently defectsfies witin e f1s ogien 1 12,y «
substantially similar wavelength as the first contrast illumination;
10 determining for each set of images an image offset between the first image
and the second image; and
identifying defect sites at each image capture position by comparing for
each image capture position the first image with a first golden reference image

and at least a portion of the second image with at least a portion of a second

15 golden reference image.

23. The method as in claim 22, wherein the first golden reference image corresponds
to the first contrast illumination and the second golden reference image

corresponds to the second contrast illumination.

20
24, A system comprising:

a first image capture module configured to capture a first image of a first
region on a wafer at a first position along a wafer scan motion path, the first
image corresponding to a first contrast illumination;

25 a second image capture module configured to capture a second image of

substantially the first region on the wafer directly subsequent the capture of the
first image, the second image captured at the first position and corresponding to a
second contrast illumination that is different from the first contrast illumination,
the capture of the first and second images occurring while the wafer is in motion;

30 and



Swafer using the first contrast illumination image and the second contrast illumination image. 25. The

system as in claim 24, wherein at least one of the firsf and second contrast illuminations is selected from
a plurality of possible illumination configurations. 10 26. The system as in claim 24, further comprising an
output module coupled to the processing module for sorting the wafer based on the defect sites identified

using the processing modulgrotB&TnEhRoaMssesbaminkiaing Bicthaddentifisationt defeetsites being a

positive identification of a defect sites when a defect site detected in the first image corresponds with a

defect site detectedifiitRBGELUHY iHTEgESaRaOM@ aRiffdticur b ritaines p e aenahive
identification of a defgsh@heivisci RehafINELiBHE T akeifGiaisidd dhthOWRk: rdpiecesayising a first

output node and a second output node, the wafer bein% sorted to the first output node when the

identification is a pCRRVESiAItREARBTAIY e ‘MErdPbERECSSHEY YHHHR Secdiiet reeemvhR e
identificgtion is a negativeuidlaptification: 28ARrife isieienaam inelain ddd whereirdhe firshimage capture
module and the second image capture module receives broadband illumination for capture of the first
image and the secAHtiTiRaHRY&8A&Etively. 30.The system as in claim 29, wherein the broadband
illumination is at least one of 30brightfield illumination, darkfield high angle illumination and darkfield low
angle illumination. 74 ) ) ) ]
25. The system as in claim 24, wherein at least one of the first and second contrast
illuminations is selected from a plurality of possible illumination configurations.
10
26. The system as in claim 24, further comprising an output module coupled to the
processing module for sorting the wafer based on the defect sites identified using

the processing module.

15  27. The system as in claim 26, the identification of defect sites being a positive
identification of a defect sites when a defect site detected in the first image
corresponds with a defect site detected in the second image and the identification

of defect sites being a negative identification of a defect otherwise.

20 28. The system as in claim 27, the output module comprising 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.

25 29. The system as in claim 24, 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.

30. The system as in claim 29, wherein the broadband illumination is at least one of
30 brightfield illumination, darkfield high angle illumination and darkfield low angle

illumination.



31.The system as in claim 25, further comprising: at least one of a brightfield broadband illumination
emitter, a darkfield high angle broadband iIIuminatio%emitter and a darkfield low angle broadband
illumination emitter, each of the brightfield broadband’illumination emitter, 5 darkfield high angle
broadband illumination emitter and darkfield low angle broadband illumination emitter for emitting the at

least one of Brightfigic ithunination darkfiegdihighenaigiymination and darkfield low angle illumination.
1032.The system of claim 24, further comprisin? an objective lens configured to pass each of first

illumination corresponding‘to @AY & ithaybrigh ﬁ@lﬂrgfﬂmﬁ%ﬂgﬁwg@t%%rth% frgkfifidge capture

module and seconchjBHminAiSRBAFASPANHINgiGothefRENthimaga REe sRCandd bigtapiian travels
toward the second image capture module. 15 75 SYSTEM AND METHOD FOR INSPECTING A WAFER

Abstract A method ANEPaYSR mdtahspredting dwarbrieptield papadbonthAlBRigatinti cmiifhspection
head, agvafer tablegamriar siggkas: X Yoiaatdand vibrmatiansoaiaie: Thel aptikakiaspastienhead
comprises a number of illuminators, image capture devices, objective lens and other optical components.

The system and m&¥iegdtaRdbIJLBRAE SBHightiald FRaGes, derkhkIlFitiagas, 9b WrshidisiHages and

review images. Capilachimagesiareironveniad intelimagemsignabs anddransRiider tRw pigiammable
controller for 10 pracessing. Inspection is performed while the wafer is in motion. Captured images are
compared with refeldHR&HH8%es for detecting defects on the wafer. An exemplary reference creation
process for creating reference images and an exemplary image inspection process is also provided by the
preseni[(i)nve%ion. The reference image creatitﬁgrproces.s_is an automﬁltg?leprocess. 15 Figure 1

he system of claim 24, fur comprising an object ns configured to pass
each of first illumination corresponding to the first image as the first illumination
travels toward the first image capture module and second illumination
corresponding to the second image as the second illumination travels toward the

second image capture module.

15



10

15

75

SYSTEM AND METHOD FOR INSPECTING A WAFER

Abstract

A method and a system for inspecting a wafer. The system comprises an optical
inspection head, a wafer table, a wafer stack, a XY table and vibration isolators. The
optical inspection head comprises a number of illuminators, image capture devices,
objective lens and other optical components. The system and method enables capture of
brightfield images, darkfield images, 3D profile images and review images. Captured
images are converted into image signals and transmitted to a programmable controller for
processing. Inspection is performed while the wafer is in motion. Captured images are
compared with reference images for detecting defects on the wafer. An exemplary
reference creation process for creating reference images and an exemplary image
inspection process is also provided by the present invention. The reference image

creation process is an automated process.

Figure 1



