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APPARATUSFOR DETECTI NG M CRO CRACKS I N WAFERS AND
METHOD THEREFOR Fi el d of Invention The present

WO po1e/6226 generally relates to for inspecti onP@F/S@09/000174
object. In particular, the invention relates to an
apparatus and a nethod for jnspecting wafers for
def ects. Background Sol ar cells manufacturers
routinely performinspection on their solar wafers.

Thi Spi i

! P AR S RO By iR MICRT CIEA RS IN WRLAERs 3
cells. A solar waf eyJiHOD THEREFOR of silicon

crystal that is commonly used in the fabrication of
solar cells. A solar wafer serves as a substrate for

FleﬁPLanvﬁﬁth? and undergoes a series of fabrication
esses, for exanple deposition, etching and

;
Th%’?l‘eg&ﬁ 8RB REAR A BRI ANTh AT 1 o, o
inverdticnakektes wa he aigpatatamnartdreembthgid o ingpeafing iwefefraﬁ]rldeﬁebtso n

processes in order to inprove production yield and

reduce production cost. Mcro-cracks are common
Ba efrgihg found in solar wafers, which is extrenely

ficult to detect because some mcro-cracks are

Solanwllsummfaomr@ﬂseom peyersn msgeaiparont theip pelac miafers. This is to

ens s TP P e R ol ot e LB LR 1F RO Gubtly of the

soldraellgli que. Sol ar wafers are nade fromsilicon of high
purity and appear opaque under visible |ight. However,
due to silicon's band-gap energy level, solar wafers

A S3BR SfhFer 4 it ?ﬁ&”&f Yl'pﬁ)ﬂ drlﬁ%[}h&% g@aﬁ Bﬁ/ dsb@ th@%(t&rfb‘&uon of

2 Vavel eng arger avl ng
solavacells eAgblar ofafel k2rfresnas a substase foredlaelteand umtfelr@o“eedt series of

NIR) radiation. NIR |s inyisible to the human eye but
fab gat&&t&efeémsef%byxmglﬁ deppriiiane eishing@nd pattesing, befprehesgming a

fun%ﬁ&?di QStar B{R qpisecﬁel‘afb)ré REFAEREal [Pk A EEGudftf oFsQBE wafers

Emtting D odes (L
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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tungsten |l anp and hal ogen | anp.As infrared light is

capabl e of penetrating through a solar wafer nade from
w@ERioe62 it i s possible to exam ne the internBtT/SG2009/000174

structure of the solar wafer by displacing the solar

wafer in between the infrared canmera and |ight source.

Sol ar wafers are manuf acturzed in a production |ine at

hi gh volune, typically at a rate of one wafer per

second, ;A.sol ' R 1 i
As BRI i A Bhe 18 plptt Aol REZaENARE R AR sticon, it i
possible N @achind eTintymal 1niturd € thelsalar wedfer byldspldearg the solar

typi cal thjckness of between 150mmto 250nm A
wafeiGperyees ihe mdiag psEPId gt SUEY st em i s used for

i nspecting the solar wafers. Mst conventional high

speed i magi ng systemuses a |ine-scan CCDO/ CMOS caner a
Soldrhedfetsase manefotumd ior produgtiondine20 dEh(voue, §ypiedlly at a rate of

on il S350 B, SO A 0 AR 45 S

- dimSRASH 8t BetMee@ 1 6OIRUSET00kZmane 28 Ohinf By S¢adim. MAgisel@r wafer also

device 14. The line-scan i magi ng device 14 inc¢ludes

has caveries tigkngss) ehdetyesn ekl tp s2 308t AopRIYCRERIAE ugh speed

. solar wafer 1 ' ' r . :
maSfer el it BEIPERMLE he ok bkl JuBCRIRLo high speed
imagifgesysldn seNa tifhatscan OCGD/EMOB glainepe tiett rhat esrestletiswlodrup to
wafer 16 and reaches the |ine-scan i magi ng device 14.
12008 (1HS)rizelsa 210nmm by 210nm sol ar wafer, a 12K
line-scan canera is required to have an i nmage
resol ution better than 210nm 12, 000pi xel s or 18mm )
Fig/ pa xkows Basedersionslamigh ispeed meagimgrsystém 0i mhlggeconventional high
resol ytion is anly .useful for detecti m cro-cr.acks .
sperETHEnS ST O PRSPPI, @ T s i gt yice 14
Thd"BANScahNBlaghR Rl 10Naklubbd Bars@teetnd FBEisNgsteySdndns pakitioned
l[imted to detecting micro-cracks that has a crack

abolve reesalim whter aibgperpendéevlalypio b susfaces iy piisased Behtawsse 18 is
Thi.s.is .a jor Jimtati,on.t p ' '

plagf o] o AP ey BEh MR P USRS b S PARHL6 and

reathERiElihe/s@Abghg Hbwite B8nm Fig. |b shows a cl ose-up
view of a mcro-crack 20 along a cross-section of the
solar wafer 16 at point A of Fig. la. The m cro-crack

To %%pg % ﬁO\Mrth?l 2%6&1'11& §31at \R}Qfér,tep?lll{ fHEScan camera is required to have
an image resolution better than 210mm/12,000pixels or 18pm /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 36pm.

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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resol ution 22 of the conventional high speed inmaging

system 10. As a result, output inmages of the
worR@ooexsack 20 do not have sufficient contraseCT/8G2009/000174

al l ow i mage anal ysis software to detect the

m cro-crack 20. Gther than the inage resol ution

probl em detecting mcro-crack in solar wafers becones

nore conplicated when the solar wafer is of

Oth 3 b ﬂferi)ﬁg%? h‘ésbﬂﬁioh%;?@oleréQieﬁcitiﬁgflﬁ&%-&ﬁ& YRl Hdfdts becomes

ricate rom nono-crysta or multi-crystalline

moneadotpdicativt rvchenr the tsalak iwadersis lofmultifeystaltine tynepi Selpy yafers are
made by cutting single-crystal sili inta slices. :
typigal PGS P onb ap e o B aTar Maperh ageo grgtalline
sold® b Aefie rebipiralll | 8l bp Vuttiy Sinbiec@Pstandilichenntal sivesdMulti-
the nelted'silicon to cool slowy before cutting the
cryssallinelpelpewatsrs, iondhe piephad;, eresobtained by gpelting a pot of silicon and
ti- stalline solar ' It s :
e W HERETHE Qe ol g PG LEARE g ticon e
slicbﬂ?ilﬂlbhgh hﬁl‘lkﬁbr}ist;]allltd&%o&k kia€@areuivel inaupkityathin mens-otyatalline
waf ers are nonet hel ess npre cost effective and are
solasavabers dye Hohighes impuityierd it fhersikieato denpialline QU grafers are
nondReREs T128re MBSt NGreR QY@ and Sl HecHMYy FoFe LildelynGseiOti@h mono-
wafers appear to have a uniformsurface texture. As
crysthitine solar Riader @r nmkirtg sotaryetlal Mione-csystallingvadlar wafers appear to
exhi bjt co i cated rapdom sur.face texture due.to the
have H,Bltf?% SB. A {RfuIp- %lisﬂéw%ﬂn 3:351 é,dn‘g#tk-grya%fl}rﬁgsqlﬂ ewafers
exttt bohbliGRtd RhdBROGRERe tdtrel AROQMKS UWotB&iford 8K biy&Rl igfhins of
multi-crystalline solar wafers also appears in the
varipdtsprgtduring glassodidifidation pieeesst i onal hi gh speed i magi ng
systenms 10. Crystal grain boundaries and the contrast
between different crystal grains increase the
Théltdlib@utace Fextiat 66 nmul@-chRealliieCsodarow afekssalsol Bgearsi ia the output
~ therefore a need for an inproved nethod and s steanor )
imdggs jof itlneapq)rﬁ@ng@@aé dighy ppesge IFRgHg- weteaes1|. rp%tf% grain boundaries
. . o el
andH fl%a&rg%%eﬂed?ﬁgreﬁtf cr%&gl %‘ﬁlﬁl@ ?rféét:rg%gq?§ rﬁif?%ﬁ?&l Ped&bdting the

I nvolve an | nprovea system aci'litati ng

" midetcewkis.on of nicro-cracks in wafers. Therefore, in

accordance with a first aspect of the invention, there
is disclosed a nethod

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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for wafer inspection. The nethod conprises directing
light substantially along a first axis towards a first
waerthacrenf a wafer to thereby obtain |ight enBCESG2099/000174
along the first axis froma second surface of the
waf er, wherein the first aqd second surfaces of the
waf er are substantially outwardly opposing and
substantially extending parallel to a plane. The
{
ol 1§ Bkt bR o EATRASED (LD 1O ha Bl it 86 Sdkond
axiswadrgrthé eedohé rsatfiice bf shenwhieghthe eirsinatis bgmgl amgtpdt 4veay from the

sec%ﬁ?%]sdg%ﬁ %btfg oétnl(.‘tgpéqlé g)%fgwgy f actgﬁ é)fl W%Q}?églfi caﬁy, the
orthggggltu‘p b t%rf" B? Shé first £AE SIS HlaeORUsUbERNRAIBNBaralllr 1 the

y, the orthographic projection of the first
orthagnaphw rprd)Jhalqzn aﬁthel sscebaxiaon the pjangapnd pagh eiothe tpsthographic

jection of £
oo SR SRS o B Syt ohSpone o e
refekdnics hxignd second axes on the plane is substantially
orthogonal to the reference axis. In accordance with a
second aspect of the invention, there is disclosed an
ratus. I i
i RRERRR G R R ol ol SRS gl
conﬁiﬂi’sfn@(heﬁ@f lightwatiee t]ial d‘ni&eﬂs dipht aibsmnnally @hng efestaxisrigwards a

along the first axis m, a second urf f
frstusiriie offieMElch 1o RBCIFPY SPUn A B COMIBR At GeghS fs from
sec&@{)ﬁ{rfa% eofst bst ARt Ivihdr¥inOME V?ﬁﬁtdluiﬂ HRBAS | sBEra@Rbf the wafer are
su antlal y exténding parallel to a plane. The
substppizallyt cuxtwﬁndiy bppostmgpnd sehstaatisléy extending iparadlslitoce plangt The
direc i ght subst ant i al on
PSR BRI RER 2 SRR bt e gL B et b gyialy alone o

secORt le@ thiv@iat (REERAt duRthcadloPnBe tgerSBCMIBEEbSXdbBaih INiY teh@nating
second surface of the wafer, the first aXIS bei n

along gie@dcmde@m friom theessesensoneiags P& thepsater 4he &rst raéwgf@mg angled

tendi ng_al o h
aW@’r%r pAFEDidF ea@ Pgoﬁ rg&«%ﬁg ¥ gfésxt% axgh{%gt ’ﬁ%e)f)}o gn :More
sp&ﬁic&ﬂﬁb&h@Bﬁh@éﬂa ipaprajebidn 0O thidfirso rakisogr tphplane is substantlally

projection of the second axjs on and e

paralﬁelttqm @wﬁWMP@JW@p@&%?@O alﬂﬁ é)llr‘g? ﬂanan%{lda each of the
ortI? %%&ne ?ﬁgg‘cu%ﬂs themR! AR Ea‘nﬁ SUbRE aRdd 8h!the (iﬂﬁrféoﬂ;oﬁﬁ)'stantlally

erence axis. Brief Description
orth¥ganalng she 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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Enbodi ments of the invention are disclosed hereinafter
wWth reference to the drawings, in which: Fig. la
W@ bawsoréronventi onal system for inspecting a BCI/862009/000174
wafer and Fig. Ib is an enlarged cross-sectional view
of the solar wafer; Fig. 2.shows a nulti-crystalline
structure of a solar wafer] Fig. 3 is an inspection
nmet hod according to a first enbodi nent of the
. l.nvention;.Fi ' k: ' ; hiién;
Fig 13 3 isBRnah dpp e - PERAE Bty BRBGNiGiPoRRE NN
side view of the apparatus of Fig. 4 along the x-axis,
~ Fig. 5b is an_enlarged craoss-sectignal vi of.a s
Fig. (e fier SHRGIEY T 15 BRRGUR o e bapne dnFatisof g n By B bftbreed

crosg%écg{onﬁlm% 139 2 899 Wafek hﬁ@h%:s Cfi9a pedpdchive Fiedsof ha sblar wafer

e 1 mages of m cro-cracks obtained by the
showippaoatvestical midrgrcratks;Fi g. 7 shows four processes
i nvol ved in processing images of mcro-cracks obtai ned
by the apparatus of Fig. 4; Fig. 8 shows nergi ng of
Figs b (P64 Thdads BRABSro0Rhesobehitdd yithe apypratas ofFigf 4Fi g.
4; Fig. 9 shows anot her enbodi nent of the invention;
Fig. 10 shows yet anot her enbodi ment of the invention;
. Fg. 11.sho f . ' ‘d & BPtai
Fig, g fiopl sy B Sl B A PSR TneBls SBICHIUARIS Btained by
the ifiRrdtiy/efRigoy. Detailed Description Wth reference to
the draw ngs, enbodi ments of the invention described
hereinafter relate to creating a high contrast inmage
- f fQLer! ' @8 apparhias of Figau
R T R ot ok S
nmet hods and systens of creating i nages of solar wafers
. do not prqQduce, ap i t hat has sufficiently high
Iﬁgé%ﬂFWﬁggmg@Faﬂg?gEFgﬁgﬁh?HﬁFgu%¥cro-cracks oﬁ thg
solar wafers. Furthernore, the increasing utilization
of multi-crystalline wafers for fabricating solar
FigcH) stowsget amitlas ¢mbldinggtt of tglipyengpndet ecting t he
m nute m cro-cracks

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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usi ng the foregoing conventional nethods and

systens. For purposes of brevity and clarity, the
wa@leE006262 on of the invention is |inmted herei P@F/8&2009/000174

applications related to an i nproved system and net hod

for facilitating detection gf mcro-cracks in wafers

used for fabricating solar cells. This however does

not limt or preclude enbodi nents of the invention

fromoth areas. of . |icatign t facilit.at.es .
For R OB B Bhr Bl Slrpdbri ol e B’ § ke pinatie
to %}ﬁicﬁﬁ%&féﬁmdado dnMnitb i e sytdo @h P Inegh@n thr casitieping dépetion of
Whi ch _enbodi nents of the invention are based shall L
migrerFERgks A ibTs Berddeg Rbuicating solar fallss Thbben ersndees mef limit or
pre%ﬁﬁmn?d'ogilﬁéméj gf} MRy tiotnhﬁ"ofnné(tﬁé}I érg% 6isa;g>?i%8ﬁdrpﬁlqt Ailitates
greater detal ereinafter 1n accordance to
inspédtioat ofbilen svaferowpde dot rdeféotss det@ction. 10Ttef firdamental inventive
dr. qugéf wherein |ike ﬁle ng. s argﬁjggnlified mﬁt?
pripgiples 140 gQeRts HipAR ruhich snbpdimerfs £{qths iexrnftoRs aieopased shall
ren{8h @6mhdRRBGh LIt iRt WERES bRBLJiRRLR! nafter for
addressing the foregoing problens. The method and
apparatus is suitable for inspecting solar wafers, as
wel | as ot her. waf er. .t ypes such as sem.conductor ..hare .
Al ey A icteRl SR PEne s bRl @l Widnafer n
acdoadinicé ab i iflGst@tioh bROAidIdeth FidsCBi to ¢OidTSthe RirBwingsSHA¥Rin like
a flow diagram of a nethod 300 for inspecting a wafer,
clements; aie idgpidbedaw il like refereaee ngeetalsdi ng t o an exenpl ary
enbodi nent of the invention. Defects such as
m crocracks in solar wafers typically extend between
A tethod uhdapphritas forgvafar indpesion indescyibal hdreinhftauiof addressing the

and a second rface of the solar wafer. The netho
forggqing sk Rt s”f he eliodams pamce SHIDT frriateding aﬂ@r wafers,
as WRNAs Sehdr Rl t&?&% soh E?gsﬁnﬁgn&&%@&k@ﬁaﬂ?{ pl%_Ees@t%H wafer that

acute angle to e surface of the wafer. The firs
aresusefl acthedfbricheorsof iategwaéd eir¢udt dhimes. | ower si de of the

sol ar wafer. The nethod 300 al so conprises a step 304

of receiving the infrared Ilight froma second surface

Fi@h $hb&s 2o dingfadl ofod @Bthod 300r5# in@ﬁ’écﬁn% WReITE, td¥enstance a solar
second surface of the solar wafer subsfantially

wagkit eeeetling topwossemplans embodiment of Hednwintione Dedecdy such as micro-
T Y| e
i s BT B B Bt S, namas
firaGuifhtesaRl AseebiPsilize of thosolm@ater.f The nethvdBOOoniptBes a step
second
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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surface of the solar wafer based on infrared |ight
received fromthe second surface of the wafer al ong
W@ bEo006262 axi s. The nethod yet further conpriBEESE2009/000174
step 308 of receiving the infrared light fromthe
second surface of the wafersal ong a second axis, hi
particul ar, the orthographic projection of the first
axis on the first or second surface of the solar wafer
Thé Snetdas3ENfirdkt ¥oRpHR|Nktep13a6 dfﬁ@rr@ih?@ﬁfs@ﬁlhhge of the second
EQOJectlon of the second axis on the first or second
surgage phthe sefar aer Hosadroniafrared light eecpized fremythe sepend surface of the

Wa&;gﬁggc&p IiSPa}g?g ojection of the first axis on the first
or second surfdce of the solar wafer is substantially

paral l el to and coincident wth the orthographic

projection of the second axis on the first qr secaond
The methadeyriufther commptisendrdep 3G%ef sechving doinfiresd light from the

sech?(m%ﬁf & o? é@ée %g}fé% Elgﬁ% o% %égnﬁga)ﬁs.s eﬁpggﬂfcﬂﬁﬁeth%f W) aphic

second sur ar wafer based on infrare
profactibh ofetlei fied dxinmnt e festood ssumflasefot othéhenabler wafer is

al o the second axis, The .nmet hod. 30Q t hen further
subdlsBhLBErSERRy B3 ottrdarEpruestion ke Teopad BAGh the frstor
secShE Anthck PRI ofRRvapRt @i ning a third i mage, wherein the

third image is processable for inspecting the wafer to

thereby identify defects on the solar wafer. In
[ i.th_an exempl ar i_gent of e

ABFERITIRE olhOdaPils FHEB B 7 2R B B r%r second surface
of dessslbbechion ishsubsfafifIRC PattatlelFic) andt coittideht sShidwtheaorthographic

perspective view of the apparatus 100 according to a
projgefign of thssarand axisan thg dirst oy sepongd surfagest hgrplariafer oo

is preferably for inplenenting the foregoing nethod

300 for inspecting a solar wafer. The follow ng

Thel esthiddp? 0 thenfconipeiseppatept 1Y A0 rinmgnadeond tithage of the second
reference . to an _x-axis, .a y-axis and z-axis of a

surfage 66 Tk it Syabt oot IRy Bcaived Tl e srepny sface of the

waftk l8dHE BleORBorRl RAi&NeTIRNmMHoa B Othes MRRET SnirRes a step 312 of
conveyed and are coincident therewth. The apparatus

supbQ@singribe ifsgsind scormplinerged 6@ ehtelnimgfd thind iimmggi wherein the third
imagg%\éilscgg%q%%bqugo .alﬁép%gg@g élléegx%%%g% ?ﬁ%&%ﬁgﬁggfy Jquct]; Ioglsthe 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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preferably |ine-scan inmagi ng caneras and are connect ed

to the conputer 102. |nmagescaptured by the first and
w@ewome2sagi ng devi ces 104, 106 are sent to tPEI/SG2009/000174

conmputer 102 for inage analysis. The apparatus 100

further conprises a |ight gssenbly that includes a

first light source 108 and a second |ight source 110.

The first and second |ight sources 108, 110 preferably

Ceing .l _ o .
caprfis oo R b0 hFhe Bt FEHA00 axdtert R HFbyer 102
for ifdalg tndlds.second | i ght sources 108, 110 are positioned

with respect to the first and second i magi ng devi ces
104, 106 for directing infrared light towards the

The:aié)éﬁgauﬁﬁ%osﬁﬁﬁﬁdcggﬁgé% ? 154V hggﬁﬂloﬂispﬂl_at ifudes a first light source

pectively. ystem 112 is used for
108t argina psecbich dighDlsaurcevdfl@r The1frst andi sespad tlight soyroend 08, 110

ore B3R G S e SR B T R itne avies
10458%6" cikERIR thé Aest GRABA 1534 tseiilcdsl 208,0IM0e3ts pasitioned with

stantiall’y planar solar water 114 |inearly, al _o%g i
respiebietox thexfitst whd Iseconfh dmesingndevissst 10n 198 opdirpfiing mirared light

caonveyor syst 112 I 114
towfith 58 5t SCHEGRRGHEReEes | 0F BBl 1%,
Tvger efore ]E:_onvle?/ed sEbs]tc antially on the x-y plane.
re specifica , A t, [ 16, of .th .
A conyRoey ysiay St el 105 AT SRR Y HETEen o RETPFI DY the
app | i Ofyd go%vé}%é ()s?&gtnt 18, fids! $First p8fonSOW &R d 9&ond portion

I'T'e the 'secon tion 118 of the conveyor system

1181 Theifarstdpartibmd &6l of theednvegor syistens d¢drdnyeyadi spsatiallseplanar
106 an 110.

d the second |ight .sourc he fLrst
solisaFtPohl 4 sy e ‘bbATRYOR LG Qo Bebitf d)s T conveyor
sysf #12 YafeYs tht4doRt RErtING 1¥edly SlonkhBe iakRl THeGiolar wafer 114

source 108 emts and substantially directs infrared

is thergfote tcamwayadssubstentlaiyeon thexfyqdensnf the sol ar wafer 114
at an acute angle gq. The first imaging device 104 is
configured with respect to the z-axis normal to the

Moz& |s§éoiﬂ‘@aﬂl?,r thelfirst @ortapt 16 o ghé rbiiveyed shitedt 1i@nist displaced in

fromthe first |ight source 108 alon% the first axis
betwean thenfirshimaging dovipe 18par dhedirsoeeh $owi5p o 08 Vil i sgeond
pOl‘?lﬁlg 1)@_%20?i tglg c%n\f/éy{)ts tsyétéH?gquoifs dififacialidoeRE &Y the ke dORhging
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 0. 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, the
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Simlarly, as the second portion 118 of the conveyor

system 112 receives the solar wafer 114 fromthe first
w@rioe26216 and conveys the solar wafer 114 aP@R§G200%/000174

y-axi s, thesecond |light source 110 emts and

substantially directs infrared light towards the | ower

surface of the solar wafer 114 at the acute angle q.

The second i nagi ng device 106 is configured with

seco;no SRBE Soure § 16 ejt@she sﬁl%'ia{}ﬁilallil Qirdebrs i8Pdrad 11vR t8lvardb4he lower

r capturing infrared light emtted fromthe first
surfhaegdrﬂthe colac svafd 14| abthp advée seglofd Ehei sscammbimaging davice 106 is

conl st 3 ERBBLEIA 00 G 6 0P B

lighY editted- frdth tIRPfifst ﬁgﬁt&b’burob hegalddrome 3gdvind aRtsdj09C tih diis efay, the
the first axis 107 on the xy plane is substantially

appgretus i is Lable ta Repberet %@g}?rameca pPond dmage obfthg prlar wafer 114
alor}getég glgax?sxllﬁ é)laggclupa? h0 Griodra g@l‘ ﬁfme%{\{ Bhtbfrt fisERGE lé’Pon the x-

Ique arra I rst and
y plegendbitamillypeteviicetar idorthb@faphid projeetipect the ecdong axis 109
first and second |ight sources 108, 110, allows images
on tha ¥ty R1ae-by t he apparatus 100 to show highly
contrasted mcro-cracks 500. Fig. 5b is an enlarged
cross-sectional view of the solar wafer 114 at point B
Withf refirenceSta. ngh Saniher abligua cksn5O0ersxofothe féﬂsb prd sepongd imaging

dovighy dPeq 106 vRBe aneet he Shd DR apd Yoo B 1t e8! 110, altows

imagbEEDGEASY hdRPatafust 119 tb@ﬁ@@ﬂn@ﬂ?bﬁﬁt@lﬁté@)&nkﬁﬁcracks 500 Fig.
apparatus 100 i's a function of the wafer thickness t

5b wreah etrﬂmrg@cbcmes saetjpreal c(levaeé Beciolay wader high #tqroing i ﬁ@Flg Sa. The
mlcég(tgﬂ%?agb(? te%% :ag gQH$ a%fly\!i)t(es Jg\g[ arfé ﬁierhé)g)ell: QUr aic(e: I?rf; élées solar

wafef 1200mm [|f the acute angle g is 30, the width W of

the mcro-cracks 500 in the i mages captured by the
apparatus 100 is 1 OOm Thi s advantageously i ncreases

Ma#ﬂ%%alﬂl{':@g{, gﬁ? tﬁe 7 ! e rﬁfc? 5-EFREXS08 IR thO ithARE Qﬁﬁtu{/ed by the

acl ection o e m cro-cracks 500
applatutusaiais atfuactib(ﬁbe thi¥ tviaGew tthlbhESSI s.eargf the laeutt engg §i aggpording to

obl i que arrangenen m cro-cracks 500 as inspected
theg?/u%ﬁgé?ﬂﬂ? 1°alnr§taﬂ8’d§“%nd devi ces woul d appear in

t he i mages having a

w;=ty, X8in o

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 100pm. 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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wi dth of 5 pixels, which is not sufficiently prom nent
to be detected. Furthernore, according to the

wo ereqgea2eny nmat hemati cal rel ationship, the w dt PCTS@1009/000174
the m cro-cracks 500 contained in the i nages captured
by the apparatus 100 is inggpendentof the actual wdth
of the mcro-cracks 500. This neans that the apparatus
100 is capable of detecting a 1Inmw dth m cro-crack as

of tﬁea%&thm @fgdtﬂ &Oﬂ@fﬁiﬁ% [irggilscgﬁb C K mehhe t}ﬁ%ﬁ“tﬁe @bparatus 100 is

evi ces and the pair of |ight sources
capab@c&af dbl@tlpg aflgmablidth crieat@ackiHsghsi g %Q;ml madthrraigeoscrgek.
the mcro-cracks 500 so as to facilitate effective
detection of mcro-cracks 500 on the solar wafer 114

Theﬂaﬂ'rﬁf ih8ink BRELeY 18%ER06 ARAahe phir G&llight sdubées 108 110 preferably
cro-cracks 500 usual ly extend randomy in

creathisr ligh i contrasting imeages of|t mlgﬁ@sqraq]ﬁscf}qg) 8¢ A8 K fggbtate effective

ener do_not end er rhy t PREr .
detier | BroBridkee SO0 O (R°SBRE A, 214 gl B8, KDAEN y.axes.
ReallR§dall1§] the ﬂrl@ﬂoaé‘rk&sfﬁj@@ u@ﬁ&ly&ﬁgdnﬁ damivanly fini elindirbetioner mal

of the upper and | ower surfaces when extendi ng
t her ebet ween as shown in Fig. 5c. The mcro-cracks 500

In arti?cu%r\,/va ast ?@?@a&a&‘s g& légrllérzﬂﬁé db ok t@tdnﬂagéggerﬁficu‘lzﬁ@ to the

capt ur ed appar at us
uppét hued hﬁztfdr\wkfylcest dfethaisolao Walfadldé 5Elsteath.‘aa$t ras:rcbptaghit 500 are

| ines in_the sane | of the s ar wa
angledpaway EoRoBCa YR g@i‘t&wp‘?ﬁ &Y éOWng ﬁugaj%fisr g’é}?ﬂ "tending
cracks 500 to facilitate detection
theljeﬁa 21%95?:}%08@115{‘;@%%% a first view 600 of the

m cro-crack 500 captured by the apparatus 100 when the

first an dev O
Theplaléqr? ~CEAS; a%gg egfﬁ@lggg iaryas (!iatrﬁ‘chrnégs) L‘i‘legl{"e ?n %%:ﬁ of the solar wafer
11M&b8kred B¢ the pPaiit sl QOC A eknabiObly] &esmﬁwcmd(sfﬁﬂﬂaip@ear as bright
substantial ly constant width. Fig

linesintbe shme imegemet ecsola Werow 1 Lha T e pnasapiok ) Eivaptessousty
cre%og%'ia 2L aﬁqlﬁle st J8nd Inf&b- ckaﬁﬁﬁgfi&gtodﬁ& 1&36 ?céctﬁJnotﬂ&eBPe

Cecond i mag devi ce ong t
y-axis. Each of the second and third V|em5 602, 604

shows that _the m cro- rack 500 t rein_hav
Fig} b éhwmar&rsfamnfgW% HheSplsEr-Fi7e ek aP O R EY i apParatus 100
wh&hﬁl@: ikt P seBind % Sjﬂ &&1&5 26K 106eNe p@@gone@%rpe‘hdibﬁﬁﬁly with
or inspectlon purposes, there is a possibility that
respdee to the solar wafer 114. The micro-crack 500 is shown to have a substantially
constant width. Fig. 6b and 6¢ 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 ASOO 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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m cro-crack 500 is not detected as a single crack but
Is detected as several shorter mcro-cracks. In this
W@ 28e/0622622 m cro-crack 500 may even escape detRBCI/BGN09/000174
altogether if the mcro-crack 500 changes direction
too frequently and produceﬁlonly segnents of crack
shorter than a control |imt set by users of the
apparatus 100. The present invention uses a software
apnl i - u n t
The REoRE EhsAof KERCH FoFald wpEafRUCaaRE 18 8 BleRaTic2 to
preven@the ficioheradk 60 frometginpoundetected. 104 obtains a first
i mmge 700 of the solar wafer 114 along the x-axis and
the second imagi ng device 106 obtains a second i nage
As §%Pin Pt'ig.e%stﬁé HrstlagingldediRl WAGBHAIRs ¥ i inagBT0O of e solar
I rst and second i mages 700, 702 are sent to_the .
wafeoirpsleng fHe2x-akierand 4h¢ beoond pmaging devioa 19@ohtains & speond image

first i.mage. 7 relative to t ec '
02 H4Fe BT R0 108 T G5 Ry RE G RG] HimaBl g, 702
are SBRONMAtHRI Qr@siter/ 00 &efeat frst Poceat 04 dothies sthe ifirstginage 700
700 to positionally register the rotated fir & inag%
relafige te thh sepends émasr 70ewyeh bt fpthninagsy 00 t7§ have“the same
Oﬁéﬁgﬁ%gective and scal ar di fferences, and produces a
rrected first image 700. In a third process 708, the
corrected first imge 700 and the second inmage 702 are
super posed hneti ¢

. _ A .
A ssrod ERRea b oot ohgrosent finen 708 Bt Bl e pggeister the
rot%c%tgﬁllgsﬁirfl%ér’ﬂ)b vﬁ'ﬁl?%%%ccydania%e 702 it 8shebOto Rbpedtiientid scalar

I nal” processed image 7I0 to detect the

diffetences; rand kgo&if®s an cotectesbfisst iwezer®01 1k aTthérds prgeesh 708, the
function. 712 invol ves binarizati nd [ . .
corts Sfini P B ARG TR 203 R wRSRISIY Bl g

furlefién, lsbdPds &ﬁﬁﬁlﬁﬁﬁﬁﬁnhﬁ@? & prbQucd OnalPredessd image 710. A fourth
m cro-crack 800 in the final Processed i ma

( e 710, .
progpisGh2 isthae nsedelar pyalyinmiheiting! prosessed yraggd Ode defgef the micro-

views of Figs. 6 6 ' oGP 8 d
erafls YRSt i P e e B B o TR Sy (A on an
seghivtdtidn Fuidtiofs €t dnylyBingrandadutecting eicrbetreddsath thy finhbprocessed
) |nagg anal ysis process. Fig. 9 shows another
m

iment of the invention. An optical unit or mrror
900 is

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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positioned adjacent to the solar wafer 114 for
diverting the infrared light transmtted through the
waolianeazef er 114 towards the first 104 or secoPd/8GB09/000174
i magi ng device. The mirror 900 advantageously all ows
the first 104 or second 106 i magi ng device to be
positioned at different ang%es Wth respect to the
sol ar vvaf8er 114 for receiving infrared light fromthe
ir r : [Foly® i iti
s s Rin 1 1 G ERERRE kol e IORRARINARG NG HER isition such
that gevirseanliG6cirsl ifrelghgatesites 004 16whpesi comsrorskight spheee, such as

the first and second i magi devi ces 6 1Sk .
o O g B oo SEVAEE g OShA B
of t%o%paM§l(ﬁf 5 RGE IE Sack JintiBRlbH in tiRstdlith{ td seceiid pbrtion of the

esi'gn constrains of the apparatus 100 or due to space
conveyot gyatehohlAd.n i nstalling the second portion of the
conveyor system 112. Fig. 11 shows yet another

enbodi nent of the invention. The second i magi ng device
Fig. 11Q6$ht%!w§ }teg aml&ﬁ@lo &Sl‘ﬁbcﬂifﬁ{&lt 8D teCRvaitdnar Ehe smond mpegingntvice

posi tioned al ong e first portion 116, of .the nyeyor .
106 554 thersacrl LERAOHTS S0 pisrearbmesd Hbrosiged ipegiy 1t portion

system 112 | ' c [ ' ' i
116 ETEPrgonfathn 2ot i aEGE Tl g DEuSSEROTOr T9RLAI12 i
dispifeed iid bgt&lebu thd hm:oﬁié ;imagﬁn'g rdegicad 06 end dlee 46@Ond dight source 110.

arranged. symmetrically, about a ane of symetr 0
VoS i esped b e o Friting SupmRHg hbout 2

| R egllkgc RsthidAging d¥Tcen@ad Similarl
Iﬂm%fg% trlégﬂ%€€% gﬁ?Qﬁﬂtfp a%gpg$ s;nneg?g Wi th ?Espég?ar%
the se@ohd Hgliti sostcel li1§hs asanged symesiriceHg apoutike plene ghspmgtry with

[ Il el. h - ' '
resnericbphaetoisibanese ot ShFRAnEaF spinly PSS (Bind £y plane
andtriﬁfé&%grﬂﬁﬁllﬁ%b Shelplide 6 hvidhstha kelagwhfee 11 hiseoaestedom afference

_ | ane of symmetry and the plane on which the solar ..
axisnkifleoxtentls alongdlminésreastion af theiplane il symmsty 291 thgglane on which

i nvent ion he s rf
the SUFQH 14 o SRR, PRI Brlfinhy bEREANENSE the sccond
por€SIPOTH GEAE coivelbesyisteveh1 Bmot tdgeirsdl ar wafer 114 is
transported along the x-axis. The first |ight source
108 enmits and substantially directs infrared |ight
Sinﬂ%@ g F}l?—;e e&éﬂé@lﬁrﬁ%oﬁ%ﬂft oyanrgs itNabeWele Sblaf afgfePf114 is
the solar wafer "114 at the acute angle g. The first
trarispagidgonie tece atidd Theefirst lightiroseet 198 dnrifsr andesiibsiaghally directs

infrared light along the first axis 107 towards the lower surface of the solar wafer 114 at

the acute angle 8. 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 8. The second imaging device 106 then
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emanating fromthe upper surface of the solar wafer

114 along the first axis 107. The solar wafer 114 is
waeleEplex2ezl al ong the x-axis on the first portiPel/3GB0YH00174

t he conveyor system 112 until the first inmaging device

104 conpl etes capture of t first imge of the solar

wafer 114. Thereafter, the Solar wafer 114 is

di spl aced towards the second i magi ng device 106 and
cap'ltulJ ﬁﬁ@ ARGreldl Gt BN rtﬁ@ ui?é LE‘H&' G ¥, soldtewSRF AN along the

I ght source emts a stantially directs
ﬁmdmﬁwﬁiﬂﬁl|lght al ong the second axis 109 towards the

| ower surface of the solar wafer 114 at the acute

angl e gq. The second i magi ng devi ce 106 thencaptures

Mof eb@it:ﬁ ? ek Fits@Btis 1OPMR LBedBREY HoH fhRGecdd dxie1 Eohsut the
al ong the second axis 109. Moire

refesqwm etxus: zill[lythatt btedsy gltonaxnhg o ios whigheleasodyr wabsn 114 is
congs:()feéln diﬁ ag&aﬂ ggqrgﬁe:g t t r ef ?{’%eﬂlﬁe e%éﬁ&s g(ésllfﬁ'aiw are

esoarvva

subbtﬁn@ﬂ%%dlcﬁﬁ@tcﬂﬂlbh&@feﬂb@hﬁs KMDJ ections of the first
and second axes 107, 109 are substantially

perpendicular to the reference axis 111. Next, the

Ne}?ci h%rsomfv%fe}ilflh .{)ss%%l?%gaag%ﬁleoyp 9xis R the a}?i"stspoqﬁoﬁ |T?6 of the

St portion eyor system 112 ‘unti|
consey:cﬁruj/stenﬂglmgmﬂ}eﬂiecmcdﬁkﬁ imegipg etesecH]st comaplefes tdapture of the

second [ e of the. s r fer 114. The first and
secqudt FREES 338@ O&%’fp‘f’%fF%g §y ThBeward oot imfes <Bphupy the
ﬁ%ﬂﬁjn ¢ AR9LAY s&%ﬁﬂ %ﬁglﬁglhevﬂegs@lm 9103961'1‘& séif tb Hige computer 102
uter 102 for image anal ysis using the foregoing

for smﬁgmamaéyappmng aha fomegoingisafbeare tapplieation do dleteek resp@ro-cracks
Smin a further enbodi nent of the invention as shown in

=i g. 12, an additional set of imaging devices and

| ight sources is arranged on each of the first and

second portions 116, 118 of the conveyor system 112.
In prfupher probodiment pik teomagaiang ase AR W ftg ot 2.t deadditional set of

1m§5g21\1£ ne(:ngegr d | &W%@m&% E agran%edlotll Sadlpf fh%%r%d%ﬂ;‘%egﬁﬁchﬁomons

he conveyor system
116,has dﬂ’cﬁe appafat ssteh®012.ulh Ipeftloutam,‘ptlhe Sfeﬁ)galngl‘dmlﬁbdiment of the

i magi ng deV|ce 103 ,and .a faourth i m g devi 1
invggiian hawpHi Fi6- 11 dnOSR paieaomi Seaat ™ R0 hi§ PoRie coiveyor

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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source 115. As with the foregoi ng enbodi nent of the
i nvention as shown in Fig. 11, the solar wafer 114

wo prsoexenveys al ong the x-axis by the first pRCT/BGI009/000174
116 of the conveyor system 112 for capturing the first
and second i mages of the sagl,ar wafer 114 by the first
and second i magi ng devi ces 104, 106 respectively.
Thereafter, the solar wafer 114 is conveyed by the

103 Scﬁétﬂ% RO 2L ﬂ%\‘ﬁ m HREPRPVGERE 3 YR &Markdedd langl"he third

axi s towards the thi I magi ng devi ce 103 and

imaging demce d03 icapttires atiriokiniap8 .of Twesoldriwafed ilght source 113
emts and substantially directs infrared |ight towards
the | ower surface of the solar wafer 114 at the acute

Theamérewgfemmethw %oht*'hhdeg th "BOHRGla6&Y bIoat(Be GagidlbaShé Recond
infrared 1 ght fromthe gf per surface of the solar

portieaf &16 0f 4he Tonveyon systamAad? nheae thectountb Jighh sowrerd 13 emits and

e.0 I f & r
s RS B bRy gl e 3 B 10
acufe i gfee atlenhe tfowath ddpiny déhies tohuaaes ﬂ)&ﬂh&maiﬂ]l@ht from the
where the fourth |ight source 115 emt

an
uppsi B tagh of 419 splen valer §14-nhe feuth ympging &Wd]s“t iUy fourth
| ar wafer 114 at the acute angle
lma%ﬁﬁgl%?ﬁ%?;aﬁtlﬁgl magi ng device 105 captures the
infrared light fromthe upper surface of the solar

e Gisiond; %Hgﬁ%gfe? Hiothst HROVBP B 149 SechRE i G dlar water
114" 9ir §ht itgRge %ohﬂﬂ?err hIEUZ Wt 1&1;1%@ arfalysfit udngl e EaBEbing software
i mges of the sol ar wafer are sent to the conputer

appliedticino fori dﬁg@l@nﬁiey@ﬂgowﬁg 500e flbeeclyur igager capapred by the

app]a%ﬁ.}s ﬁﬁ)aaéf) nnt%g%ﬁugfy e@ %?%é %gaﬁ%]% ?)g ?1'3?9 51?%&10%0\91th I&ﬁec’t to the

upREMRNoRGL uFAcks afih@\ebm hafer €6 BE kbsahtially dasdtaht at i on
with respect to the upper and | ower surfaces of the
solar wafer to be substantially detected. In the
. ! t B dBion R &scribed
tn @ E5 B E RS o B B8 8 LRANA 3 WEP AR on M Blscribe
thﬂ texélflplai’ge emnbydintenp of fther inselttions foir mgdltehﬂing the foregoing
f or egoi ng_ di sadyan ag of . copventi onal rret
disgiviapigess ﬁ@cq%%&ai fhog quﬁwnm pSpECHay a%‘m%%y a fow
emgédentnlgﬁt 'ori}\ﬂ?enfn'vetﬂ délslg ?isé}laﬁé’df' §dwill be ¥WigatenP® SRPKIIRMA inttBe art in
view of this dlsclosure 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.



view of this disclosure that numerous changes and/or

nodi fi cation can be made to cater to a wi der range of
whoi1e/063262s and hei ghts w t hout departing fronmP@heG2009/000174

scope and spirit of the invention.Clains 1. A nethod

for wafer inspection conp5§sing: directing |ight
substantially along a first axis towards a first
surface of a wafer to thereby obtain |light emanating

Claimasl ong the first axis froma second surface of the

waf er, wherein the first and second surfaces of the
1. waf@ethed dorswibfst mspécaibh gomptisiag:dl y opposi ng and

S e e e AR PERE o B BbER o8 ace o o
t QuRL IR bl dbthin bt *ERAn&Ing! ABnYARE FirdtOaxid Go@DY second

obtain |ight emanating al ong the second axis fromthe
5 seudnu ofuthearefenfwheenwhe drst and seeandsgurfages; o fienyyafer are

| ed f th d '
S BIR hrREE A bSoRY. cRefhE SRR o o
ledﬁ@gﬁrﬁphi c projection of the first axis on the plane
iS substantially parallel to the orthograp

) hi
pr oj ediregingdight substansisiy algre & ssrPndaxipiogyreds thi firg sufoce
of ~t.he ' i ' f '
oE TP YRR BB AR B SEhiad o v
10 t Geddid suefaes oNtie watkis theXfirsiTings beinp adgled awaydran thelsecond

further conprising.form.n first imge of the first
s BRISAPEUbR ERrengs "ixl"r“ee’ﬁt‘?“gﬁlﬂ’cgg "Zﬁ’% Pt r om t he second

surf acsofintfie d{’ﬁlt)gfapﬁi'ébﬁ{)ﬁ@ﬁ&@'&fy[h@'fﬁ@tg akiB€orf tHeSplane is
axis, the wafer having a crack forned therein, the
f isubstativdkyepacaltel 40 thengrthagrapbimsprojpation of he srepnd axis op the
the crack; and. formn .second | t LISt
st 85 e b Wi SERRRaR e ot L on
15 Suyhé plage & subb@ntimfyedrthdEhsd enfhicabfieyenat axig. t he second

axi s, the second inage containing at |east one second
portion of the crack. 3. The nethod as in claim 2,

2. f ufﬁehr?lgthggre@riril c iaﬂlg 1,C RIERLS &%ﬂrﬂglgafomh{gda ﬁ&?gﬁaéer &'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

20 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.

25 3. 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.

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

to thereby obtain the third image.
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the first and second i mages based on the at | east one
first and second portions of the crack, the third

WO 26H¥2392i ng substantial |y processabl e for i nSpESG2H/000174

10.

11.

the crack in the wafer. 4. The nmethod as in claim3,
conpri sing super posi ng tthfirst and second i mges to
thereby obtain the third inage.5. The nethod as in
claim1, wherein directing |ight substantially along a
NIFRUmeHbe ab WYAR B Fhdsh cﬁféfcﬁgg @itgﬁf sibsHRtigly a%on a first
conprises directing |ight towar he tirst sur age 0

t heiswmfrardsad fisulsstface ohh wafencagprises aingtting bghthtewards the

R N

first surface of a wafer conprises directing |ight
towards the/ first surface of the wafer at

subwtraethpdipg in daimatuvherainglivscting gl sybstartially alorgea second
mef_ho [ im1l erein dir iag )i

ot i § pF e o PSRt odtob FEL Rt e gpads the

S Uiirktastiefaed oftheafagdr at sutishartiely a0 héae indlé e fhie hine.
emanating along the first axis froma second surface
of the wafer conprises conveying the wafer al ong the

orHOREGBIE WBAcl OBl LTS MR AT U o
| i axlit toswabdst @fitstautfrcabh agvafersecthatbsdbsain dhatiglst dnvmatine

first surface.of. the wafer to thereb btain light .
A R T Y R A
SUhé dafer AfonkiBe YRASrafiRTPIOi B8N 6P id (!S}?th\é'?ia%é.

al ong the orthographic projection of the secon

axi sjon the plane. 9. The nethod as in claim1,

; h ey i di £ . i . /
r ol B ET FE THE7) RS e e R Rk SEseng
f raxig tohvardsebonitht sufica e tief wifbetowhéeby oB@in iR eflhdt

as in claiml, further conprising Fr ovi ding a secon

i rAgfIenge sespnd axisdrong Histsaeandguriaec oY (R v adereREIDIISE al ong
U N@n &R he A% A8 JIEAMHERENSEEPRT iRt he 543&&“@8&7 bn

the plane.

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

of the wafer.

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.

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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W omae26n first surface of a wafer to therebyP@bs&009/000174

12.

13.

14.

15.

11. An apparatus conprising: a first |light source
directing |ight substantially along a first axis

i ght emanating along the first axis froma second
surface of the wafer, vvhereisjén the first and second
surfaces ofthe wafer are substantially outwardly

opposi ng and substantially extending parallel to a

Pl aRewaRP drd saREAREAIY | My aIBM bESosH hi ~
subst‘gﬁti aIrUS/ al ong g secongpaéﬁogmtg:)%gr glg&ttgﬁlggwreé%endmg
supdraldel tof plane; sk er to thereby obtain |ight emanating

v o7 & Oiean ARE sEiod diPibg iyt SRk rBRg amaeoond axis

S eanRedsatht Firdthefac@ of GOk SRER M¥lcby Sbt8 HbRCerRhRBH: bltfhe
pl ane, wherein the orthographic projection of the

f i hstseasiids agis frome thi caveonds sufss tefribe avdfor, ghe dirstedxis deing
a

h ' A f th d . h
ol e 208 RO SRR Rl a el BRE RS Ru o e

fiplahe,and second axes on the plane is substantially
orthogopal. to the reference axis._ 12. The apparatus as

in cl arhsree, theypithngranbigpraiestiog of ther Srst jaxisgPm ghel dlanseis
fo ] Lir§tid : Ll st e

e ashiratnd M eyl 4 R o
waplene, sud sacnof thk loythagmplg c tphajedtions bf i first drfdesevaddesxes on

haying a.crack f.ornmed therein, the first inmage
co%?é’?aﬁﬁeﬁsgs@?#apgglix 0 OP?IrtQEheprSFeF?Ilfﬁ aB- t he crack.

13. The apparatus as in claim1ll, further conprising a
second i magi ng device for form ng a second i mage of

t hEhe ppparatyy es de slaiw ¥ lorfimsberbeosaisong 4 Hiestl ingiging device for

i ft fer .

o Rt B RERAD ST HRER & mb e Gehding fagurhe

cosecandsurfacaiof leawhied iebseRaaINalpag HeofrsOixit tRe Waffhaving
a

14. The apparatus as in claim 11, further conprising
cohfierle forfrt?% tg%‘ﬁ% th firsh gmage eantainingwg deast omn fitse poitiogtof
ange$gepnd i mages based on the at |east one first and

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.

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.

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.

17.

18.

19.

20.

second portions of the crack, the third i nage being
substantially processable by the conputer for

as in claim14, wherein the conputer superposes the
first and second i mages tqqgt hereby obtain the third

i mge. 16. The apparatus as in claim1ll, wherein the
first light source directs light towards the first
sunfa : 3 ' Vi :

¢ oftiep fbafins, 2° {46, 3, SABRE IR Trjo ighn_ REkES aaeat digh
whewsids thdérstesmoface bf diiet wafenrat eublitardizily dni ghvte anglartodhe
the first surface of the wafer at substantially an
adit'® angle to the plane. 18. The apparatus as in
claim 11, further conprising a conveyer system for
conveying the wafer al ong the orthographic projectian
of Thehapphratest asaii slam lh e\%@r@m she sgrondHighh sperca wdirscty dight

[ lai m 18, . wh i n.th
 oGh T By UFSL RrURE P BN BIBE A U ELNE e
axjlgnedn the plane. 20. The apparatus as in claim 19,

wherei n the orthographic projection of the first axis
on the plane is substantially coincident with the

glr'gﬁrleg %@a??ché: R B 86k oN , Girthde cHRFPHs A bSnRel Rfstem 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.

15. The apper/aG2099/000174



