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1 APPARATUS FOR DETECTING MICRO-CRACKS IN WAFERS AND
METHOD THEREFOR Field of Invention 5 The present invention
generally relates to for inspection of an object. In particular, the invention
relates to an apparatus and a method for inspecting wafers for defects.
Background Solar cells manufacturefs routinely perform inspection on
their solar wafers. This is to 10 ensure that any defective solar wafers are
identified so as to control the quality of the solar cells. A solar wafer is a

thiARBRARK BilEdrInR/BxalTth &t TisN el 6iOucENG Itie HEONAIBROASHar
cells. A solar wafer serveq asa-RyBStRieppf IR cells and undergoes a

series of 15 fabrication processes, for example deposition, etching and

patterning, before becoming a functional solar cell. It is therefore very
FickitisahiRmpRtain the quality of solar wafers from the beginning of the

fabrication processes in order to improve production yield and reduce

Therekistianveasivr? QNigMycraaks %ef@lomﬁpmdﬁf@fcaﬁ fonjoet inaQatticular, the
wafers, which is extremely difficult t(i detect because some mlcro -cracks

InvERHGRVIIRS {8 e RRAHLH S PrdpREUReBBSCpEE Sive

method of detecting micro- cracks in solar wafers involves the use of
infrared imaging technique. Solar wafers are made from silicon of high
aﬂfﬂﬁ appear opaque under visible light. However, due to silicon's
SolaapeHg M aRRIGY eYebiZi S9IpeiaiarmapRedh thansRarefaiafers. This is to

illumjnated wit ht having a wavele er than 1127
COHE A R EIES R B4 A ESS eta f) the pslgrathty of the
soléadiakion. NIR is invisible to the human eye but is detectable by most
commercial CCD or CMOS 30 infrared cameras. Examples of infrared

light sources are Light Emitting Diodes (LED), tungsten lamp and halogen
A délapwfer is a thin slice of silicon crystal that is commonly used in the fabrication of

solar cells. A solar wafer serves as a substrate for solar cells and undergoes a series of
fabrication processes, for example deposition, etching and patterning, before becoming
a functional solar cell. It is therefore very critical to maintain the quality of solar wafers
from the beginning of the fabrication processes in order to improve production yield and

reduce production cost.

Micro-cracks are common defects found in solar wafers, which is extremely difficult to
detect because some micro-cracks are invisible to the human eyes and even to optical
microscopes. One method of detecting micro-cracks in solar wafers involves the use of
infrared imaging technique. Solar wafers are made from silicon of high purity and
appear opaque under visible light. However, due to silicon’s band-gap energy level,
solar wafers appear transparent when illuminated with light having a wavelength larger

than 1127nm.

Light having a wavelength of 1127nm is classified as near infrared (NIR) radiation. NIR
is invisible to the human eye but is detectable by most commercial CCD or CMOS
infrared cameras. Examples of infrared light sources are Light Emitting Diodes (LED),

tungsten lamp and halogen lamp.
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As infrared light is capable of penetrating through a solar wafer made from
silicon, it is possible to examine the internal structure of the solar wafer by
displacing the solar wafer in between the infrared camera and light
source. 5 Solar wafers are manufactured in a production line at high
volume, typically at a rate of one wager per second. A solar wafer typically
has a rectilinear shape and a surface dimension of between 100mm by
100mm and 210mm by 210mm. The solar wafer also has a typical

As iiRressB i e aarenicl Gopang 280entheosehverrianatiig mee v nintiging it is
posSYHER IS URGAJ AN IREAINING SRR IVAIE HIMASHEOWEHAIA G e solar

speed 10 imaging system uses a line-scan CCD/CMOS camera that has a
wateisiol pbresh thetn fzod oamer)ap ik Eghtsgpee shows a conventional high

speed imaging system 10. The conventional high speed imaging system

10 consists of a computer 12 and a line-scan imaging device 14. 15 The

Solpravatein dradping laeiicssl 12 divRdnssionies s kigh wolimees ol lamd ssrate of
oneogsiﬂgnﬁ& %QQ&%?‘&%@%‘{V%{“&Q g%vﬁ Iﬂ.ﬁﬁglgr%éﬂl.ﬁ%gpgﬁﬁ% ‘ai]ﬁh a surface

infrared light source 18 is placed bel e solar wafer 16 such that

dimgpaeadlidietpesiet@esntiy JORmnaTed 260mm brddiaymhdhinsokuayafer also
has: rﬁaﬂjﬂf}eqefﬂi@(&edss 20 TR IARRACY §0%119 MRy Eﬂao mmcalanyaier & é]% |§peed

~line-scan camera is required to have an image resolution better than
IMZE OENFHHIZIODORIRE 06 inPes igeh Bl e voH gamragconsentanalhhdgh speed

imdDIRgS JesAltian is ARl ysalid ey eRRng MiETaiRiaRks RaWRAASIASK up to

Iine width of more than 2 pixels. This means that conventional high speed
120/0adi%K) ®¥%ttsms are limited to detecting micro-cracks that has a crack
line width larger than 2 25 pixels x 18m/pixel or 36m. This is a major
_limitation to conventional high speed imaging systems because the width
Figofl g idiovesr ackamecnfinaaliy h ansednapage Seaeb Khoba asxentignal high

spegtf%ggﬁatg;fii'gg@eﬁmmggsmrm crRsSaReCionRf thenslat waé%qééc@mce 14

point A of Fig. la. The micro-crack 20 has a width smaller than the image

Thghessinibrresfdnd okt értlisae Rgpesseayl imisgmeysirdtetid 5. pesigoned

abd RSUlls ALFRVAINGL S Q) AR BUEEACIG Gl 2 dR-BOMRANEaHIH OIRAE GBNHRSIS is
to allow image analysis software to detect the micro-crack 20.
placed below the solar wafer 16 such that infrared light penetrates the solar wafer 16

and reaches the line-scan imaging device 14.

To inspect a 210mm by 210mm solar wafer, a 12K line-scan camera is required to have
an image resolution better than 210mm/12,000pixels or 18um /pixel. Based on sampling
theorem, this image resolution is only useful for detecting micro-cracks having a crack
line width of more than 2 pixels. This means that conventional high speed imaging
systems are limited to detecting micro-cracks that has a crack line width larger than 2
pixels x 18um/pixel or 36um. This is a major limitation to conventional high speed

imaging systems because the width of micro-cracks is typically smaller than 36um.

Fig. 1b shows a close-up view of a micro-crack 20 along a cross-section of the solar
wafer 16 at point A of Fig. la. The micro-crack 20 has a width smaller than the image
resolution 22 of the conventional high speed imaging system 10. As a result, output
images of the micro-crack 20 do not have sufficient contrast to allow image analysis

software to detect the micro-crack 20.
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3 Other than the image resolution problem, detecting micro-crack in solar
wafers becomes more complicated when the solar wafer is of
multi-crystalline type. Solar wafers are typically fabricated from
mono-crystalline or multi-crystalline wafers. Mono-crystalline solar wafers
are typically made by cutting single-gyystal silicon into slices. Multi 5
crystalline solar wafers, on the other hand, are obtained by melting a pot
of silicon and then allowed the melted silicon to cool slowly before cutting
Othprethoiidhfiethagicmsdhtaor feeblemtistrstinguniccoystatinia solar waffapagemes
mol 36D RURIAIRER Moo PSR NESARINRIETR R 19 MINSEUPRNTEEs arc

level in the silicon, multi-crystalline solar wafers are no eless more

typigsdbiefibewatedAtparanbeesiyisgl insrervigbiycussel ingrvagers. Mono-crystalline

sol%%&&y%ﬁ%"%i%giﬂf YRR 5 MAKINE SAAL CeIsaMANLaaYRIBI AR SOl -

wafers appear to have a uniform surface téxturé. As shown in Fig. 2,

cryptiineryieie Sslam dhefercstii eontpiieated ramedine rieotestinen and
thefl Lé%%aetﬁgfﬂl‘éﬁ&{‘sﬁlﬁc%ﬂ%h@kss@ﬁﬁ“% YRisd §{ﬁﬁ1§§‘lfﬂ%gsmﬁiiﬁed silicon into

_solidification process. 15 The random surface texture in multi-crystalline
slicgs|ar\iihsaighamw lsppesidlinaheobiitpue fitages ot convatibhaibramyHmono-
crySRAGE LBAYINGRYSIRI S M YR 9F3 1 DAURYALIST BRIHNRICAIAH ne solar

between different crystal grains increase the difficulty in detecting the
wafeyig e rrshdlgst Hapsei € ohb cdforE & Heddafr kasomprovaerenuiety angd than

moRSSRTRARIHA g NG SEHORMaRIHDIGERZETREHS, IMNAGSERy eHITHO AN ar wafers

Embodiments of the invention disclosed herein involve an improved

appsypstEhaYRI hrigtHBEN 29 HaE palchitating e famoh B Mgerd- cradlemisidiiagssolar
walbREERTRRS: dDAFHEARANGR NI B et ASRER! @hNE IRVENHRR YIS stal grains

disclosed a method for wafer inspection. The method comprises directing
of Yryirdtipe iHiRgyhsIsPIH FAtoRRIDESHards a first surface of a wafer to

thereby obtain light emanating along the first 30 axis from a second

surface of the wafer, wherein the first and second surfaces of the wafer

The ransionahtnas sxiaidyBbesTE Aing selastanfiamABRenBsaE fardfeputput

imdBef of the conventional high speed imaging systems 10. Crystal grain boundaries
and the contrast between different crystal grains increase the difficulty in detecting the

micro-cracks.

There is therefore a need for an improved method and system for facilitating detection

of micro-cracks in wafers.

Summary

Embodiments of the invention disclosed herein involve an improved system and method

for facilitating detection of micro-cracks in wafers.

Therefore, in accordance with a first aspect of the invention, there is disclosed a method
for wafer inspection. The method comprises directing light substantially along a first
axis towards a first surface of a wafer to thereby obtain light emanating along the first
axis from a second surface of the wafer, wherein the first and second surfaces of the
wafer are substantially outwardly opposing and substantially extending parallel to a

plane. The method further comprises directing light substantially along a second axis
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plane. The method further comprises directing light substantially along a
second axis 4 towards the first surface of the wafer to thereby obtain light
emanating along the second axis from the second surface of the wafer,
the first axis being angled away from the second axis about a reference
axis extending along the plane. Morgspecifically, the orthographic
projection of the first axis on the plane is substantially parallel to the 5
orthographic projection of the second axis on the plane, and each of the

tovgtodpapitsiefscuibihs ofadee firSicarll sdvand ighe somimprinegghe second
axiS PSRRI QRAgeRRL B, (IRIENGR FS JQ@%%%Q%%? %"E%Qy from the

(¥
second aspect of the invention, there is disclosed an apparatu

SeC@O%%@iﬁQ@ﬁﬂs_ﬁi@m@@uﬁléé threteaiiast s lgist %lﬁbgk@miawmﬁgeaiﬁﬁ@dly, the
orﬂ%%?a&%’@fﬁiéj%affﬁﬁt SHTRCEiRk . WRTEH h ISRy gb@aﬂgtagnaﬁmﬁggw to the

along the first axis from a second surface of the wafer, wherein irst

ortpgfapbie mHosetaseslghthecomré pate osubstatanelypadorahdhf dppesitegraphic
profddi P aRtaty extendinghRarllEb P RPiMR §N&LRRRAY'SHHEBERal o the

comprises a second light source that directs light substantially along a 1
refejepemaxasis towards the first surface of the wafer to thereby obtain light
emanating along the second axis from the second surface of the wafer,
the first axis being angled away from the second axis about a reference

In agqerdrishaiighatorryene praget Mole speeitieriyher isreiegpaphian apparatus
coﬂﬁ?jﬁﬁgq‘fﬁggmﬁﬁ{r §$lﬁ)é'§ @t tﬁ'ﬁe@@’f'ﬁgﬁ%ﬁﬂﬂ%ﬁﬂﬁ@%l&?g AlIgHE0E towards a

orthographic projection of the second axis on the plane, and each of the

firsp g gifaes P hhicaivbjctisistor ehéafistigideserstiaariansthadipthagifs from a
secoHstatialoofthogenal bR teiarencs axis: BrigfPaserRiofr AT Bifer are

Drawlngs Embodiments of the invention are disclosed hereinafter with

subgiaarishoee trediyanpRRn o WhRHIEEY I8$eriReaPaEHIRifohalane.  The
appYSLETIRMIDIRRGHING 8 sQlasateh AR fld iR 8RR (ERAG8Dstantially along a

cross-sectional view of the solar wafer; 30 Fig. 2 shows a multi-crystalline
secefith cttite toPaslsIdhgyEFst:surface of the wafer to thereby obtain light emanating

along the second axis from the second surface of the wafer, the first axis being angled
away from the second axis about a reference axis extending along the plane. More
specifically, the orthographic projection of the first axis on the plane is substantially
parallel to the orthographic projection of the second axis on the plane, and each of the
orthographic projections of the first and second axes on the plane is substantially

orthogonal to the reference axis.
Brief Description Of The Drawings
Embodiments of the invention are disclosed hereinafter with reference to the drawings,

in which:

Fig. 1a shows a conventional system for inspecting a solar wafer and Fig. 1b is an

enlarged cross-sectional view of the solar wafer;
Fig. 2 shows a multi-crystalline structure of a solar wafer;

Fig. 3 is an inspection method according to a first embodiment of the invention;
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Fig. 3 is an inspection method according to a first embodiment of the
invention; 5 Fig. 4 is an inspection apparatus according to a second
embodiment of the invention; Fig. 5a is a side view of the apparatus of
Fig. 4 along the x-axis, Fig. 5b is an enlarged cross-sectional view of a
solar wafer and Fig. 5 c is a perspecgve view of the solar 5 wafer showing
non-vertical micro-cracks; Figs. 6a to 6¢ are images of micro-cracks
obtained by the apparatus of Fig. 4; Fig. 7 shows four processes involved
Figirtpgsaaeissipry v geasitnsiecoarhiek scobtgived bybodithenspptratosastion;
Fig. 4; Fig. 8 shows merging of micro-cracks images obtained by the
apparatus of Fig. 4; Fig. 9 shows another embodiment of the invention;

Fig) 5 .assdﬂsnéws 9&%@9@9@1&1@56 iime‘h@bmélmwﬂibrﬁig:@ 1slasheasged
cro@ UL eMRadIpERt Ll iP& IuERlian:gnd 20;519-,LesShAWs XELRHRRL solar

further embodiment of the invention. Detailed Description With reference
water o Wiagivgsy eiesd dmsemaasikiie invention described hereinafter

relate to creating a high contrast image of solar wafers for inspection

purposes to 25 facilitate detection of micro-cracks thereon. Conventional
Figs éthisoecaiel isyagentd ofieresfitikirmbtjescdosdikg warspsud@hbigrbduce

an image that has sufficiently high contrast for detecting minute

micro-cracks on the solar wafers. Furthermore, the increasing utilization
Figofl rlptice ApseaninecsrgfesvRll 3b ifaBifeattig Sonagee s Ruerpafsecksbtained by

theAiffiaritOf Oefecting the minute micro-cracks using the foregoing
conventional methods and systems. 6 For purposes of brevity and clarity,

the description of the invention is limited hereinafter to applications

Fig §lRIRAORG TP r&t"ﬁ‘i’c%ﬁ%&%@k@ﬁﬁa@&tlﬂ%ﬁ%dfﬁsﬂE@%%Q%%HPP@T 4;
micro-cracks in wafers used for fabricating solar cells. This however does
not limit or

Fig. 9 shows another embodiment of the invention;

Fig. 10 shows yet another embodiment of the invention;

Fig. 11 shows a further embodiment of the invention; and

Fig. 12 shows yet another further embodiment of the invention.

Detailed Description

With reference to the drawings, embodiments of the invention described hereinafter
relate to creating a high contrast image of solar wafers for inspection purposes to

facilitate detection of micro-cracks thereon.

Conventional methods and systems of creating images of solar wafers do not produce an
image that has sufficiently high contrast for detecting minute micro-cracks on the solar
wafers.  Furthermore, the increasing utilization of multi-crystalline wafers for
fabricating solar cells has raised the difficulty of detecting the minute micro-cracks

using the foregoing conventional methods and systems.
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preclude embodiments of the invention from other areas of application that
facilitates 5 inspection of other wafer types for defects detection. The
fundamental inventive principles and concepts upon which embodiments
of the invention are based shall remain common throughout the various
embodiments. An exemplary embodgnent of the invention is described in
greater detail hereinafter in 10 accordance to illustrations provided in
Figs. 3 to 10 of the drawings, wherein like elements are identified with like
Forrpleperecotbmeialsnd mﬁityqdlﬁrummw@mﬁfné Waéerti'msmemi@mdslereinafter
described hereinafter for addressing the fo bée s. The method
0 SR AP e (ST B S LN < TR o A VAL B S of
mickRQatkpEs mchﬁaﬁarﬁmaﬂu@ah@arﬂawaéﬁgs drlmom@e&d d@fendodimit or
e.used in the fabrication of inte ted circuit chips..Fig..3 show.
Preg R ARAM S60 TO LD AT SLUTA o T RHER A gt [acate
1nsp%afﬁfn a&ﬂmﬁmg wakn exs ﬁlﬁf}d@féﬂl@dlmat’ti(ﬁf thdrvéniidemddefedis/entive
.suc icro- 20 cracks in ically extend between t
P Are I S BBy STTHEE BV ePhr e QGBS shal
renthi soiaﬁwaﬁeroﬁgﬂe)meﬂeadar?p&ﬁk earhpdisesas step 302 of directing
infrared light towards the first surface of the solar wafer at an acute angle
to the surface of the wafer. The first surface of the solar wafer is the lower
Aneiquﬂaﬂ}eeadiadwﬂaﬁaroﬂﬁﬁhmemihmﬁhmmsmcmngmmasc&miehe&@iﬁaﬁer in

elvmg( in rared I| ht fr na as sur e Pf edsolar wafer alon ng
accor rat oVl eg 0 ra 1% erel like
aXIS W ere COI’] SUI’ ace-of e SO ar wa er SU stariti al

elemetmaatoﬁydmpd)‘@dsﬂhb fikstrstinfeice: afithersislar wafer. The second surface

of a solar wafer is the upper side of the wafer. 30 7 The method 300

further comprises a step 306 of forming a first image of the second
A mutfiadend tppsatas \ﬂnfmameespectiioﬂrtsrddstightdelmhieaiftfeo fiorthddsecsomgl the
forgg(qggeproofbltehnqswalfﬁg %ll% dr%&éa%us is suitable for inspecting solar wafers,
as well as other wafer types such as semiconductor bare wafers or processed wafer that

are used in the fabrication of integrated circuit chips.

Fig. 3 shows a flow diagram of a method 300 for inspecting a wafer, for instance a solar
wafer, according to an exemplary embodiment of the invention. Defects such as micro-
cracks in solar wafers typically extend between two outward facing surfaces, namely a
first surface and a second surface of the solar wafer. The method 300 comprises a step
302 of directing infrared light towards the first surface of the solar wafer at an acute
angle to the surface of the wafer. The first surface of the solar wafer is the lower side of

the solar wafer.

The method 300 also comprises a step 304 of receiving the infrared light from a second
surface of the solar wafer along a first axis, where the second surface of the solar wafer
substantially outwardly opposes the first surface of the solar wafer. The second surface

of a solar wafer is the upper side of the wafer.
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5 The method yet further comprises a step 308 of receiving the infrared
light from the second surface of the wafer along a second axis. In
particular, the orthographic projection of the first axis on the first or
second surface of the solar wafer is substantially perpendicular the
orthographic projection of the second axis on the first or second surface
of the solar wafer. 10 Alternatively, the orthographic projection of the first
axis on the first or second surface of the solar wafer is substantially

Th@a;taﬂmctcﬁ%cﬁnﬁmtmmmm thetentABgrabempngjection ondge sécbpgecond
surPide thﬂéesﬂﬁlt %%&CBM(%H%?&%H‘ ﬁgﬁﬁl?éc\é’i%@f 'f}(ﬁnTﬁl% @:%Wsﬁggce of

then comprises a step 310 of forming a second image of the second
thesyfacalongribesbisi agtser based on infrared light received from the second

surface of the wafer along the second axis. The method 300 then further

comprises a step 312 of superposing the first and second images for
ThemgthisyyetHirdhieapannviseseinstee Hdolirregeispibedssapte feght from the

secIRPSGIRGING Wateriadheshy identibndelgels Oﬂlt_*b%ﬁfelﬂ&r?%\é/aéﬁhd%aghic

accordance with an exemplag?embodiment of the invention, an appara _
projytignr Ghsiective igEiesenbby witktrefersseadosmidpae, whidhe shoidrs wafer is

sub@%'iﬁﬁ%ﬁgl'E@rﬁ@l‘eﬁ%l@%h@%%%?&?&%ﬁ@&ﬁg{mf%@ S RMRRAMANYE Bfst or

the invention. The apparatus preferably for implementing the
secarbgdifighedtths $daovefanspecting a solar wafer. The following

description of the apparatus 100 is made with reference to an x-axis, a

y-axis and a z-axis of a three-dimensional coordinate system. The x and y

Altgsnadissdho riBeafsig e apln @roreainerr saarfiaifars s heivis)er weangrsurface
of eRingigantiherewith, 30 a1 anRALRIStd OhGorBRISES IR AUELLA  raphic

and a first imaging device 104 and a second imaging device 106. The first
projgsdideb it irpejidgrdeviedierinat euesepad srafarasihthasostanafiaging
cameras and are connected to the computer 102. Images 8 captured by

the first and second imaging devices 104, 106 are sent to the computer
Thqg@t#@fiir}%@%%mses a step 310 of forming a second image of the second

surface of the solar wafer based on infrared light received from the second surface of
the wafer along the second axis. The method 300 then further comprises a step 312 of
superposing the first and second images for obtaining a third image, wherein the third
image is processable for inspecting the wafer to thereby identify defects on the solar

wafer.

In accordance with an exemplary embodiment of the invention, an apparatus 100 for
inspection is described with reference to Fig. 4, which shows a perspective view of the
apparatus 100 according to a first embodiment of the invention. The apparatus 100 is
preferably for implementing the foregoing method 300 for inspecting a solar wafer. The
following description of the apparatus 100 is made with reference to an x-axis, a y-axis
and a z-axis of a three-dimensional coordinate system. The x and y axes extend along a

plane on which solar wafers are conveyed and are coincident therewith.

The apparatus 100 comprises a computer 102 and a first imaging device 104 and a
second imaging device 106. The first and second imaging devices 104, 106 are

preferably line-scan imaging cameras and are connected to the computer 102. Images
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The apparatus 100 further comprises a light assembly that includes a first
light source 5 108 and a second light source 110. The first and second
light sources 108, 110 preferably emit infrared light that is detectable by
the first and second imaging devices 104, 106. Specifically, the first and
second light sources 108, 110 are pgsitioned with respect to the first and
second imaging devices 104, 106 for directing infrared light towards the
first and second imaging devices 104, 106 respectively. 10 A conveyor
capsysaé vy 1the fgsiged fecorthypegtingdsoliaesviiérd Aq 4rfoorisioediorompirrs 102
for%BEE%;JsQQ' The conveyor system 112 has a first portion 116 and a
second portion 118. The first portion 116 of the conveyor system 112
conveys a substantially planar solar wafer 114 linearly along the x-axis

Thé"’g}'&kﬁ‘ai%sg%@rﬂlﬂ%pg&%é’i PRGRINEHAB P RYSIRONALE LANVENSHNG urce

solar wafer 114 linearly along the y-axis. The solar wafer 114 is therefore

10 il peesondtdistialisonreenéd by Plendirsicreds pecsfidalighthsoimsepoktidn 110
pregéll'gb?;l & COmVa¥aT R stlaéé&ioﬁﬁkaﬁi‘}ﬂ@ ARG R RA dITSi DRI Y ices

evice 104 and the first light source 108 while the second 20 portion118
1041 e Smeoeyesl sy shendinst 21nd drgomaddight sutveeh theldcaisdrpstitgipgyl with

resflE6 RO @RA IhE SeqandililisoWEh L0 das i fitst BRriAR.l hfafdigight

conveyor system 112 conveys the solar wafer 114 along the x-axis, the
towpists|igatBstred so8himeging derseanidy rexsrerifraked light towards

25 the lower surface of the solar wafer 114 at an acute angle 0. The first

imaging device 104 is configured with respect to the z-axis normal to the

A euexoafeser o2 da rifpiaseer tiggselwiteerorhl théofirsspgefion by the
appaRatiRe1508 alpngdhefiRt Sxis a4 2nibis ey dheARARratkie 1R 8@ Bl tion

to capture and provide a first image of the solar wafer 114 along the

118 A% fer prritany [8sahhscmgysbriviicrid bf ge8 vomveyupspatisthyinianar
solAEGRIYESIthe 18Rl WadaE Hié freuk R it She Qe d p6-804 EPNV¥eYEREnveyor

solar wafer 114 along the y-axis, 9 .
system 112 conveys the solar wafer 114 linearly along the y-axis. The solar wafer 114

is therefore conveyed substantially on the x-y plane.

More specifically, the first portion 116 of the conveyor system 112 is displaced in
between the first imaging device 104 and the first light source 108 while the second
portion 118 of the conveyor system 112 is displaced in between the second imaging

device 106 and the second light source 110.

As the first portion 116 of the conveyor system 112 conveys the solar wafer 114 along
the x-axis, the first light source 108 emits and substantially directs infrared light towards
the lower surface of the solar wafer 114 at an acute angle 6. The first imaging device
104 is configured with respect to the z-axis normal to the solar wafer 114 for capturing
infrared light emitted from the first light source 108 along the first axis 107. In this
way, the apparatus 100 is able to capture and provide a first image of the solar wafer

114 along the x-axis.

Similarly, as the second portion 118 of the conveyor system 112 receives the solar

wafer 114 from the first portion 116 and conveys the solar wafer 114 along the y-axis,
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the second light source 110 emits and substantially directs infrared light
towards the lower surface of the solar wafer 114 at the acute angle 0. The
second imaging device 106 is configured with respect to the z-axis
normal to the solar wafer 114 for capturing infrared light emitted from the
first light source 108 along the secongl axis 109. In this 5 way, the
apparatus 100 is able to capture and provide a second image of the solar
wafer 114 along the y-axis. In particular, the orthographic projection of the

thefiretends 2DV snreneliy phifeaedsistantially wbrpendnéuizacight towards the
lowRiRagiRRNIP preisetion Atihe se6and (2is 10800, ek YoRlAE O Mithevice

reference to Fig. 5a, the oblique arrangementof the first and second

10Griagpng sdedoednoapadeavitn revpecmnedditse anlseededl ighfor capturing
infSPMGEh L OBidd PrliRWR HRag F&RHU@@d%Vaﬁ'aﬁf{?lBa{@éHﬁd@Qst?(%?oYﬁ Ithis

highly Contrasted micro-cracks 500. Fig. 5b is an enlarged cross-sectiona
wayjidhe apieassidi0f afablel W sapioiict BGPHYIdER Fsendnigrgericks solpr wafer

L£HIsAd alogate sandvaes aRARSIIEHRPRSKIRGE A ihemolakilqo7 on

wafer 114."Mathematically, the width wi of the micro-cracks 500 in the

thejpragelenaptunstaytindy aspardissiodhe arthagtihisf R cracsr ohitkhseeeond
axiEV‘I@ertlﬁ?e@%)oﬁﬂzﬂ{%g'e 0, according to the following mathematical

relationship: 20 wi = tw x sin 0 For example, the solar wafer 114 typically
has a thickness of 200m. If the acute angle 0 is 30, the width wi of the

Wimi95@6%95&05%nstaed{@%@a&@rawaﬁgehyemeqm@rﬁ%aﬁé 10R4%1 imaging
100m. This advantageously increases the prominence of the micro-cracks

deviery th04hd by Htiltanecthe dbte fligndflthecaiieri Brasrarsoo 19§ Hd 0, allows
im AR UPFAR: NAtiLHhe UBe /5 Eﬁl@d%f‘%@@ ARG AHEDISRRIEINE Fig.
lm%%cro-cragkg%oo as inspected by conventional methods almd devices h

Sb oG HprEedrarp R aRtiagak Hawing Besokwidraist 5 fivéBonhRIpidipt>a. The

mié%f@%%é')ﬁm%&%ﬂﬁ@n%etﬁ&@ﬁﬁﬁﬂy %HE@“S Qﬁﬁt}ﬁcﬁﬁﬁgw&%é@%f the solar
foregoing mathematical relationship, the width wi of the micro-cracks 500

watgritkned in the images captured by the apparatus 100 is independent

Mathematically, the width w; of the micro-cracks 500 in the images captured by the
apparatus 100 is a function of the wafer thickness t;, and the acute angle 6, according to

the following mathematical relationship:
W;=1ty, Xxsin0

For example, the solar wafer 114 typically has a thickness of 200um. If the acute angle
0 is 30°, the width w; of the micro-cracks 500 in the images captured by the apparatus
100 is 100pum. This advantageously increases the prominence of the micro-cracks 500 to

thereby facilitate the detection of the micro-cracks 500 by the apparatus 100.

Without the use of the foregoing oblique arrangement, the micro-cracks 500 as
inspected by conventional methods and devices would appear in the images having a
width of 5 pixels, which is not sufficiently prominent to be detected.

Furthermore, according to the foregoing mathematical relationship, the width w; of the

micro-cracks 500 contained in the images captured by the apparatus 100 is independent
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10 of the actual width of the micro-cracks 500. This means that the
apparatus 100 is capable of detecting a 1m width micro-crack as easily
as a 50m width micro-crack. The pair of imaging devices 104, 106 and
the pair of light sources 108, 110 preferably 5 creates high contrasting
images of the micro-cracks 500 so ag(jo facilitate effective detection of
micro-cracks 500 on the solar wafer 114 along the x and y-axes.
Realistically, the micro-cracks 500 usually extend randomly in all

of Hireetimns Widgaricthar nrwystaracks-6AcksIBO0 ednsrdligt dbmeppsaring 100 is

cap%f@%f*ﬁle%‘éﬁﬂé%omﬁ WRIHARRY eI SUiRges 96 1R SRIAr WRIS A

Instead, most micro-cracks 500 are angled away from the normal of the
upper and lower surfaces when extending therebetween as shown in Fig.

ThOPait M misg%agraslféé%mqf@éaﬂa ARAGAT 85 ATk JNESINIOE MagRsably

the solar water 15 114 captured by the apparatus 100. AIternaﬁyer, the
creptierbiehaeRBIBO0 D prALs Hridhst Miee-fiagls sdidsfagies fbrthatsotdfective

det¥¥@fSH 14 nfiBe pRavatysel Q) agantagequsly GreAtaIfigh 6RNYAShd y-axes.

images of the micro-cracks 500 to facilitate detection thereof. Fig. 6a
Reajigal by fis wisvpsuacks HE pivadceatindoamdaptl et Bl dectpparatus

100 20 when the first and second imaging devices 104, 106 are

positioned perpendicularly with respect to the solar wafer 114. The

In peeieutracRSBOMCEPSHME D Ml aenstbbiattidn evaathnewrndicriglpgo the
up[ﬁ‘:’i’da@(‘l: W&%&é@@&%@%l@f‘%ﬁd 1"1@)"'%&@@& MIGEPHRIAKRBRs 500 are

captured by the first imaging device 104 along the x-axis and the second

angle@ Mg ydéiaee tlise BesmgltHel yiasisppstEath dTise sEEBRe andnirgxtending

theyggg\@,&q;a%@ngﬁ@%the micro-crack 500 therein have varying line
widths along the respective crack directions. When either of the

micro-crack views 602, 604 is used for inspection purposes, there is a

ThPaseRlR,thats @bep%i‘é@b 59%%5 ok QEI@SC'EE_C{@&%%Q | 8%50'%1 oafer
detected as several shorter 30 micro-cracks. In this case, the micro-crack

11 %epptiesd bydhccuupsaitet Q8 ohligkorfbiplyy thamdinsdraekbepear as bright
lin&hanars dikrctigndoodrafraniy angdRrodycesinly, saamenisocidvantageously

create high contrast images of the micro-cracks 500 to facilitate detection thereof.

Fig. 6a shows a first view 600 of the micro-crack 500 captured by the apparatus 100
when the first and second imaging devices 104, 106 are positioned perpendicularly with
respect to the solar wafer 114. The micro-crack 500 is shown to have a substantially
constant width. Fig. 6b and 6c¢ are respective second and third views of the micro-crack
500 captured by the first imaging device 104 along the x-axis and the second imaging

device 106 along the y-axis.

Each of the second and third views 602, 604 shows that the micro-crack 500 therein
have varying line widths along the respective crack directions. When either of the
micro-crack views 602, 604 is used for inspection purposes, there is a possibility that
the micro-crack 500 is not detected as a single crack but is detected as several shorter
micro-cracks. In this case, the micro-crack 500 may even escape detection altogether if
the micro-crack 500 changes direction too frequently and produces only segments of

crack shorter than a control limit set by users of the apparatus 100.
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crack shorter than a control limit set by users of the apparatus 100. 11

The present invention uses a software application executable in the

computer 102 to prevent the micro-crack 500 from being undetected. As

shown in Fig. 7, the first imaging device 104 obtains a first image 700 of

the solar 5 wafer 114 along the x-axijg and the second imaging device 106

obtains a second image 702 of the solar wafer 114 along the y-axis. Both

the first and second images 700, 702 are sent to the computer 112 where
The, piestoptooe BRI usstae SAHe fiis tappiget PO edutildetantibeseemipdter 102 to

prelBRAR %?H-‘é?a%(ﬁ?ﬁblﬁ‘@&ﬁ% 108 Qeave the same orientation. 10
A

second process 706 corrects the rotated first image 700 to positionally
register the rotated first image 700 with the second image 702 with

As 'SRRAFHIORErSPaRNYR RN S6RIPH I HERNICEH AN PRAYUGETA P GEIRY solar
first image 700. In a third process 708, the corrected first image 700 and

wathie 1§é‘q@ﬁdgrﬁﬁg§@2 e %p@mie@agiag @nmé_ﬂé obtfifrcicAcautimage
70?5ﬁﬂ@'%mf’({)affémthrhl&%g"iﬁg'§19§xf_’s.f'ri?dtﬂ%%%%ﬂﬁ‘?&%ﬂ&ﬂn‘%e@%@ 702

process 712 is then used for analysing the final processed image 710 to
aregwgelctahdensienineieicks Soders theliselarasersrs A4 40trres fherthritiristigs 700

relive IRYWESLIRIIZAUGR 208 SEOMANIRIRMIUREHRAS/GH anely sing aid same

_detecting micro-cracks on the final processed image 710. 20 Fig. 8 shows
origNigfe¥d-crack 800 in the final processed image 710, which is derived by

combining the first and second views of Figs. 6b and 6c. The micro-crack

800 appears in the final processed image 710 with uniform width and is

A e rontih e tecethdetetaied Hysthenraagd@nalnsmtiveibsscgster the
roufidh £ 8ONAS AAGUNEEMEQUURIRNL A0S d0 eI R A8 APHERMEINY and scalar

mirror 900 is positioned adjacent to the solar wafer 114 for diverting the

diffpipaesss 1Ryick REARIFHRed CFeRIgR (HstsBRaes 1D 11U taviRirds RIRS st /0G4 the
corRicBREPRE 1R Magingrdenicaelhfi image 702 are superposed by an arithmetic

function, such as a minimum function, to produce a final processed image 710. A
fourth process 712 is then used for analysing the final processed image 710 to detect the
micro-cracks 500 on the solar wafers 114. The fourth function 712 involves
binarization and segmentation functions for analysing and detecting micro-cracks on the

final processed image 710.

Fig. 8 shows a micro-crack 800 in the final processed image 710, which is derived by
combining the first and second views of Figs. 6b and 6¢. The micro-crack 800 appears
in the final processed image 710 with uniform width and is sufficiently prominent to be
detected by the image analysis process.

Fig. 9 shows another embodiment of the invention. An optical unit or mirror 900 is
positioned adjacent to the solar wafer 114 for diverting the infrared light transmitted
through the solar wafer 114 towards the first 104 or second 106 imaging device. The
mirror 900 advantageously allows the first 104 or second 106 imaging device to be
positioned at different angles with respect to the solar wafer 114 for receiving infrared

light from the first 108 or second 110 light source via the solar wafer 114.
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mirror 900 advantageously allows the first 104 or second 106 imaging

device to be positioned at different angles with respect to the solar wafer

114 for receiving infrared 30 light from the first 108 or second 110 light

source via the solar wafer 114. 12 As shown in Fig. 10, the second

imaging device 106 is relocated to a yiew position such that the first and

second imaging devices 104, 106 share a common light source, such as

the first light source 108. This arrangement is useful to fulfill certain design
As gbpwtaing 1o f ibetpiroendsmapngy dueck I)sasadinieatibin nestalisiienesuch

tha?ﬁ&oﬁ%tpﬁ{&iQQcBLHH%a%&%'W&XQéSSY@?'fbéjsﬁaﬂéig-&%ﬁﬁ%"%ﬂ?&ﬁﬁ'%f‘%ch as

embodiment of the invention. The second imaging device 106 and the

thes‘éf@@ hahigiouseul&8.1 Thiarermangemegbts aﬁ@ﬁﬁq@itfblféacmﬁg flesigipsgonstrains
of BRUBParkER QbNG.CAVEY %ééfétﬁ%%ﬁ@g TH‘?JéE&ﬂrf]?l%f RN s]egén‘af Mtion of the

conveyor system 112 is 10 displaced in between the second imaging
coryeyiiesygemandithe second light source 110. More specifically, the
second imaging device 106 is arranged symmetrically about a plane of

~ symmetry (not shown) with respect to the first imaging device 104. _
Figsibhildieyystiet seedher kgrashme pidhe drranden s??iﬂﬂéﬁ‘?@éllyw& greice

10PYAAGHS m@%}ﬁwﬁﬁm@ﬂ@%@é&l@aﬁ@diw YIRS OBrohREHRIBRG Phrtion

symmetry is parallel to the z-ygﬁlane 15 and is perpendicular to the plane

1 Gafihgcertiexviaysiemed 12.4 inedhveperion rbkerehte eomyavor aygtonad 12 is
dis?llé’&ﬂ hepRigEegGiienQidhe Riaps Ol RVIRE ey ARCHIGRIBRE ABNVEItce 110.

he solar wafer 114 is conveyed. In this embodiment of the invention, the

Moge spseifisaHiorilel scepid e Baaing e visstd A 118 a1Eansederirag i binhgpt a
plaiR BiEsEree (M&Wﬁ‘@%%%%dﬂt@%@% 1RE WAIRY Ik ISSimilarly,

transported along the x-axis. The first light source 108 emits and .
the sgprariihihsenvssts L thivavaengsAs R e Hysthous the plans alcy waetry with
res{RMEHLSHE RS Afdhesselas WederthkApaintner eHIS AROIE Parkii€ #6Sthe z-y plane

Imaging device 104 then captures the infrared light ‘emanating from the

and s RsFReNdicd b tendsplansrarayhial throrlathwatrst Idgids wonveyrdl 29\ ggfgrence
axiVvafercidir dispiagrdalong the yraxispmtheritshRRIEP ARSI on which

conveyor system 112 until the first imaging device 104 completes capture
the s¥qles fﬁgfqlm]a]de isf¢aaveyed. In this embodiment of the invention, the second

portion 118 of the conveyor system 112 is not required.

Similar to the exemplary embodiment of the invention, the solar wafer 114 is
transported along the x-axis. The first light source 108 emits and substantially directs
infrared light along the first axis 107 towards the lower surface of the solar wafer 114 at
the acute angle 6. The first imaging device 104 then captures the infrared light
emanating from the upper surface of the solar wafer 114 along the first axis 107. The
solar wafer 114 is displaced along the x-axis on the first portion 116 of the conveyor
system 112 until the first imaging device 104 completes capture of the first image of the

solar wafer 114.

Thereafter, the solar wafer 114 is displaced towards the second imaging device 106 and
the second light source 110. Similarly, the second light source 110 emits and
substantially directs infrared light along the second axis 109 towards the lower surface

of the solar wafer 114 at the acute angle 6. The second imaging device 106 then
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solar wafer 114. Thereafter, the solar wafer 114 is displaced towards the
second imaging device 106 and 30 the second light source 110. Similarly,
the second light source 110 emits and substantially directs infrared light
along the second axis 109 towards the lower surface of the solar wafer
114 at the acute angle 0. The secondimaging device 106 then 13
captures the infrared light from the upper surface of the solar wafer 114
along the second axis 109. More specifically, the first axis 107 is angled
capiyvey thenntiiereddisid axis 109 apoert thiefasaefbridncsotixisvefar thit along the
secEXLENGS pdeng the plane on which the solar wafer 114 is conveyed. The
orthographic projections of the first and second axes 107, 109 are
substantially perpendicular to the reference axis 111. Next, the solar wafer

Mo}é'zslﬂécﬁiﬁglﬁpetﬁeam@gamg Xo%$ Q&l@lfa@@& RPJHP&&%&QB&“&&Q@ about the

conveyor system 112 until the second imaging device 106 completes

refgrspaqr%ﬁ tHé | sBedreKiandgeabing é@la}%fen Mhi.dlh@_lﬁ r§Phﬁd"§é§bdd4 is
cotRYEES Cﬁ@%ﬁﬂ%&ﬂ‘ﬁccﬁf&‘éﬁfaﬂg”&@ first R seeMdJRAgig %@‘!10%9 are

104, 106 are sen e computer 102 for image analysis using the
subsspagalhgpsarendieutipprchesefescaesaeitid micro-cracks 500. 15 In a

further embodiment of the invention as shown in Fig. 12, an additional set

of imaging devices and light sources is arranged on each of the first and

Nexedbpdartivrsr 116, is thsplaerd cooneybe sydrenen the Hrpapasiear 1tHe of the
cofPLegONgEeMbadinght afdhe INentipias bowD 10& trihiisd %‘Eﬁrﬁ‘@@q)f the

onto the second portion 118 of the conveyor 20 system 112 such that the

secgphdratgs PO6hRIRkE chrpribEd a Thiediiragndy sgedick inpzearanitsdripy the
coﬂ%&%gi{lﬁr%eﬁi%? AP asnelhAgiadhicdilight sauies Li3 _nd® faurtbdighter 102

source 11I5. As with the foregoing embodiment of the invention as shown
forjmage anakysés Sisime hgeloregoing sHENEsH daDY AIRR (P dsicskid e ymseofipsicks
socportion 116 of the conveyor system 112

In a further embodiment of the invention as shown in Fig. 12, an additional set of
imaging devices and light sources is arranged on each of the first and second portions
116, 118 of the conveyor system 112. In particular, the foregoing embodiment of the
invention as shown in Fig. 11 is duplicated onto the second portion 118 of the conveyor
system 112 such that the apparatus 100 further comprises a third imaging device 103
and a fourth imaging device 105, as well as a third light source 113 and a fourth light

source 115.

As with the foregoing embodiment of the invention as shown in Fig. 11, the solar wafer
114 first conveys along the x-axis by the first portion 116 of the conveyor system 112
for capturing the first and second images of the solar wafer 114 by the first and second
imaging devices 104, 106 respectively. Thereafter, the solar wafer 114 is conveyed by
the second portion 118 of the conveyor system 112 along the y-axis towards the third

imaging device 103 and the third light source 113.

The third light source 113 emits and substantially directs infrared light towards the

lower surface of the solar wafer 114 at the acute angle 6 while the third imaging device
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for capturing the first and second images of the solar wafer 114 by the first
and second imaging devices 104, 106 respectively. Thereafter, the solar
wafer 114 is conveyed by the second portion 118 of the conveyor system
112 along the y-axis towards the third imaging device 103 and the third
light source 113. 30 The third light squrce 113 emits and substantially
directs infrared light towards the lower surface of the solar wafer 114 at
the acute angle O while the third imaging device 14 103 captures the

103rrearergdige mbnred dighpipyiiacopiithe Serapithfesolawrise thitd The third
imd 17010 flevies 107 cepiRR AN ITags obine.salawaler 114. The

solar wafer 114 then continues to be displaced along the y-axis on the
second 5 portion 116 of the conveyor system 112 where the fourth light

ThSQUIGE HAR LTS @ é&ﬂﬁ?ﬁ‘éﬁi@@ybg”&gﬁdé’@&aﬁ?&ﬁgﬁ{et #isoﬁli“?ﬂé’%@éond

surface of the solar wafer 114 at the acute angle 0 while fourt

porieagli§ @é e crosemstarsisthd Iafrabseridist feorh dieht) pyerrcgdriéc@mfs and
subfigneRldy \Ll’i?é‘é{s%ﬁai@aeﬂ%ﬁ 1 {MARIRELABWEE LR CABIUIRS Q1{PWHer 114 at

image of the solar wafer 114. 10 The third and fourth images together with

thetn@lfm%#m%@dbmmé@éélbmélggmwéﬁiwar@% tofpeed light from
the CHPPUIREAOR Spripage ARANS!S Ueing Hherdiarao i RRfWArR ARBlICaHRRes a

for detecting the micro-cracks 500. The four images captured by the
fougihparaga oo seleamtaigedlidly allow micro-cracks of any orientation with

respect to the 15 upper and lower surfaces of the solar wafer to be

substantially detected. In the foregoing manner, an apparatus and a

Thebirsbantbfaetermagse soptlisretitstislet apdoraiy imagessetinagiar wafer
114mRodiment afdhe yerionioraddrassingdngilo t%g%ngledf%@g@mgaggﬁware

of conventional method of performing inspection. Although only a few 20

apRies e deEToRE bE nfiF dscenekiosél; it WhF b wh FaAest sapHged by the
appailied 100NRIAMH LIV OIS RiREIREHE W&H&ﬁﬂ%ﬁﬁ%&@gé@ fo the

modification can be made to cater to a wider range of hole sizes and

uppsgigfdd i sutiaepefits Relyr fﬁéf%@pl%ﬁéﬁé%@ﬂﬁgf detected.

In the foregoing manner, an apparatus and a method for wafer inspection are described
according to an exemplary embodiment of the invention for addressing the foregoing
disadvantages of conventional method of performing inspection. Although only a few
embodiments of the invention is disclosed, it will be apparent to one skilled in the art in
view of this disclosure that numerous changes and/or modification can be made to cater
to a wider range of hole sizes and heights without departing from the scope and spirit of

the invention.
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the invention. 15 Claims 1. A method for wafer inspection comprising:
directing light substantially along a first axis towards a first surface of a
wafer to thereby obtain light emanating along the first axis from a second
5 surface of the wafer, wherein the first and second surfaces of the wafer
are substantially outwardly opposing agd substantially extending parallel
to a plane; and directing light substantially along a second axis towards
the first surface of the wafer to thereby obtain light emanating along the

Cladand axis from the 10 second surface of the wafer, the first axis being

1. angled ﬁmﬁxgrm%%ﬁﬁggﬁ(%%%%}fﬁreference axis extending along

the plane, wherein the orthographic proje on of the first axis on the plane
is substarstieadyipa ligi sebyientatiy glapie Brefjestiole htAe S8 yExes of a

on the . plARg ’tﬂ%&?ﬁ%ﬁfﬁhﬁﬂ{tgﬁﬂﬁﬁﬁgIQF&%]CEH%“EIQI WEIEA second

second axes on 15'the plane’s substantially orthogonal to the reference

axis. rfpke picioalstinwherein tharfivst eothpetsing sorfaney affife ivafgeare
of the, ffshHIRCERASEH PR HBIAR SanRRG g @Se?ﬁ%?é‘%é&'iiéﬁo a

of the wafer substantially’along thefirst axis, the water havinga crac
form@pisersidh, the 20 first image containing at least one first portion of

the crack; and.fmigg:2ubeaandinagael e dHstaiRcRRASRE ARG face

light emanating from the second sSurface of the wafer substantially along

the seEddvesiey théhserivhebimadisicrpanitagatlenstivniceendayipdiiprihe
of th%ﬁ@lﬁks@ﬁfa%e%%%ﬁﬂ ﬁ%ei@i&@mszbéﬂ{mdg? I"Pom the second

constructing a third image from the first and second images based on the
at ledSiOMROBER AT HIETRds st abRResTlame Eradlkanpe third image being

substantialjy grocegsabien - MERe HHOR H6n ChaddN R Waehn the plane is

substantially parallel to the orthographic projection of the second axis on the
plane, and each of the orthographic projections of the first and second axes on

the plane is substantially orthogonal to the reference axis.

The method as in claim 1, further comprising forming a first image of the first
surface based on the light emanating from the second surface of the wafer
substantially along the first axis, the wafer having a crack formed therein, the
first image containing at least one first portion of the crack; and forming a
second image of the first surface based on the light emanating from the second
surface of the wafer substantially along the second axis, the second image

containing at least one second portion of the crack.

The method as in claim 2, further comprising constructing a third image from
the first and second images based on the at least one first and second portions
of the crack, the third image being substantially processable for inspecting the

crack in the wafer.

The method as in claim 3, comprising superposing the first and second images

to thereby obtain the third image.
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30 4. The method as in claim 3, comprising superposing the first and
second images to thereby obtain the third image. 16 5. The method as in
claim 1, wherein directing light substantially along a first axis towards a
first surface of a wafer comprises directing light towards the first surface
of the wafer at substantially an acute aggle to the plane. 5 6. The method
as in claim 1, wherein directing light substantially along a second axis
towards a first surface of a wafer comprises directing light towards the

5.first sUifageibbtheswarelamslibstamtialyizeregtbghglebtatiaibyapleng . a first

The mathod agiin.Claig é‘ud“é@@r@frh%%ﬁ%lﬁi%%éy*a%@& | 'lggtk?f%@\@aﬁ{gthe

10 axis towards a first surface of a wafer to thereby obtain ight
emanihtyrédenglite frafeassirbstatisyomdsuidaegleftendouplfae.
comprises conveying the wafer along the orthographic projection of the
first axis on the plane. 8. The method as in claim 1, wherein directing light

-substHiiaIghe Ry @ staohd wheasis dngetids Hishfisabsapaddyotleng wagepnd

to thergby RRIAIR JafemanRing 219asinGg seerRd &‘%}e’%ﬂé&%}&lﬁ FEGM the

surface of the wafer comprises conveying the wafer along the

ortholreptidasropsctionafhd seevwialis wrawe pratetobopiipe
method as in claim 1, further comprising providing a first imaging device
for capturing the light emanating along the first axis from the second

-surfaé@e gReHodvare FiRiThe. Mbgiet Aimeenartightiorbsencotpakng a first

proviging @w&eRY! MGG @ cteViceionGaRLEng B o HeManainthating
along the second axes from the second surface of the wafer. 11. An

appafétng Bsnipisings drnpstdigeraistiseeianeeeti yates AoseRREaN F A BHING
a firspdslenants @0 @rﬁfééx%?ﬁﬁ%é}%@ti\é@@% rekys htale ight.

emanating along the first axis from a second surface of the wafer,
wherein the first and second surfaces of

The method as in claim 1, wherein directing light substantially along a second
axis towards the first surface of the wafer to thereby obtain light emanating
along the second axis from the second surface of the wafer comprises
conveying the wafer along the orthographic projection of the second axis on

the plane.

The method as in claim 1, further comprising providing a first imaging device
for capturing the light emanating along the first axis from the second surface

of the wafer.

10. The method as in claim 1, further comprising providing a second imaging

device for capturing the light emanating along the second axes from the

second surface of the wafer.

11.  An apparatus comprising:

a first light source directing light substantially along a first axis towards
a first surface of a wafer to thereby obtain light emanating along the first axis

from a second surface of the wafer, wherein the first and second surfaces of
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17 the wafer are substantially outwardly opposing and substantially
extending parallel to a plane; and a second light source directing light
substantially along a second axis towards the first surface of the wafer to
thereby obtain light emanating along 5 the second axis from the second
surface of the wafer, the first axis being angled away from the second axis
about a reference axis extending along the plane, wherein the

orthographic projection of the first axis on the plane is substantially

paraltbe tovaiier b oghapsmidabiojectivrr &b tiep rescam duzdisubatantially praerding
and ?%?ngf the gﬁﬁggﬁ{ﬁl@hlc projections of the first and second axes on

the plane is substantially orthogonal to the reference axis. 12. The
apparatus@ascioethinglitiscuieh editasinngidiabt s wbstantiatin gloagieesfsend axis
formipgaishrvaae Qe Bt aRe Rased s RdIaN! ATERaiag I oo

the 15 second surface of the wafer substantially” along the first axis, the

wafetsatpsgna craickiformée thegend, ﬁrqéfmstqﬁmﬁge%maumﬁgfmq@m being
one fifstip@THOR OF dheiagkotd-ak e, BBRALAIUS R0 Sla rpxﬂcémﬂﬁgm%ng the
comprising a second imaging device for 20 forming a second image of

the fild#urface is formed based on the light emanating from the second

surface offhewafenSURaiapiahAlRaek e Pefont e 08 SFEM plane is

image containing at least one second portion of the crack. 14. The

appasabssasahycharel el tquhnorbogippbiagwicshaues thsrcspadastmemathe
25 thiyd imaga em dhenfirskapssaaenddmagss Brardme theidLIeastARe on

firstand second portions of the crack, the third image being substantially
procdBaakiae iy suhstaptindiyrerthazersl dethe eierersei¥isthe wafer. 15.
The apparatus as in claim 14, wherein the computer superposes the first
and 30 second images to thereby obtain the third image. 18

12. The apparatus as in claim 11, further comprising a first imaging device for

forming a first image of the first surface based on the light emanating from the
second surface of the wafer substantially along the first axis, the wafer having
a crack formed therein, the first image containing at least one first portion of

the crack.

13. The apparatus as in claim 11, further comprising a second imaging device for

forming a second image of the first surface is formed based on the light
emanating from the second surface of the wafer substantially along the second

axis, the second image containing at least one second portion of the crack.

14. The apparatus as in claim 11, further comprising a computer for constructing a

third image from the first and second images based on the at least one first and
second portions of the crack, the third image being substantially processable

by the computer for inspecting the crack in the wafer.

15. The apparatus as in claim 14, wherein the computer superposes the first and

second images to thereby obtain the third image.
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16. The apparatus as in claim 11, wherein the first light source directs light
towards the first surface of the wafer at substantially an acute angle to the
plane. 5 17. The apparatus as in claim 11, wherein the second light
source directs light towards the first surface of the wafer at substantially
an acute angle to the plane. 18. The gpparatus as in claim 11, further
comprising a conveyer system for 10 conveying the wafer along the
orthographic projection of the first axis on the plane. 19. The apparatus

16as inBheirapperatte psintheldonvdyewBystentlodvet/dight wefee aloagftheght

orthograpiic MOIRRIAN DS, PYAONEANSPRINGRIANG, In ?r&t-e”b%gfle to the

apparatus as in claim 19, wherein the orthographic projection of the

Irst

axis Oflige plane is substantially coincident with the orthographic
projection of the second axis on the plane. 20

17.

18.

19.

20.

The apparatus as in claim 11, wherein the second light source directs light
towards the first surface of the wafer at substantially an acute angle to the

plane.

The apparatus as in claim 11, further comprising a conveyer system for
conveying the wafer along the orthographic projection of the first axis on the

plane.

The apparatus as in claim 18, wherein the conveyer system conveys the wafer

along the orthographic projection of the second axis on the plane.

The apparatus as in claim 19, wherein the orthographic projection of the first
axis on the plane is substantially coincident with the orthographic projection

of the second axis on the plane.





