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WD 2010/ 062262PCT/ SG2009/ 000174 APPARATUS FOR

DETECTI NG M CRO- CRACKS | N WAFERS AND METHOD THEREFOR
wda-2@bdéxzé2 | nventi on 5The present invention geneECESEG3009/000174

relates to for inspection of an object. In particular,

the invention relates to an apparatus and a nethod for

i nspecting wafers for defects. Background Sol ar

cells manufacturers routinely performinspection on

ackeba PR PO DETECH NG VICREPEREAE &S R ERB R A
the quality of the yiEFHOETHERFFOR ar wafer is a

thin slice of silicon crystal that is comonly used in
the fabrication of solar cells. A solar wafer serves

. ate for solar cells and undergoes a series
Flegfo%wgééﬂ[cati on processes, for exanpl e deposition,

. . ; . o
OSBRI RS A 51O BBAAN Iy RAECH) By, v
invéitnqulatds tty anfpracdtar anded methofl foninkretibe giafens fog defectshe
fabrication processes in order to inprove production
yi el d and reduce production cost. 20 Mcro-cracks are
Ba gqdefects found in solar wafers, which is
extrenely difficult to detect because sone
Solpi ealls-meanddcturens eoutinels périfent mspéation ometheie yeler watere v €his is to

o B 52 7 R e ER ST o o

solardellgr ed i magi ng techni que. Sol ar wafers are nmade from
silicon of high purity and appear opaque under visible
light. However, due to silicon's band-gap energy

I 2 [ (P r.ent .
A i Slard a0 Bl o R o SEROARER e e ftition of
soldrlceTiend sblaghiafdrawives ag awabetass Girhsobir cll@mnmdergoes a series of
classified as_near infrared (N radi ati on.

IR is ,
fabrigatjag; pspeestes, foR ExamtE AR Fleningde SBHBINg, Biforseoming o
LG I
o aE S pert Rt v 20 YAl IR P ety SE e waters
frofnltk®begitning of the fataimatiam grdvasseyanoddento.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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WO 2010/ 062262PCT/ SC2009/ 000174 2 As infrared light is
capabl e of penetrating through a solar wafer nade from
wa2diboen62 it is possible to exam ne the internedT/SG2009/000174

structure of the solar wafer by displacing the solar

wafer in between the infrared canmera and |ight source.

5 Sol ar wafers are nmanuf actzur ed in a production |ine

at high volune, typically at a rate of one wafer per

second, A sol ar f ' BT s e
As BRESA SR AR bl RL FRGL, RRTRENLRE gL RER sticon, it i
possiBIe e éxachirel Greminbynal 1nwturd o€ thelsalar waifar byakdsplaemg the solar

typi cal thjickness of between 150mto 250m A
wafergbe R gesihg nfragd @B@éadaq\ﬁﬁ%%t AESyst em i s used for

i nspecting the solar wafers. Mst conventional high

speed 10 i magi ng system uses a |ine-scan CCD/ CMOS
Solararafe’ arhatntfstuzedrie siroduationdinewap high vohowog typieady at a rate of

one P e ol &2 5Be SOARTS WRCS o Res 008 ot e

- dimE¥s3b:£ B BEweON $0Gth& B%fs 160n&AHRY 8 OmER bARU0m@. The selaBvafer also

I magi ng device 14. The |ine-scan I magi ng devi ce 14
has mdynica sthickmessaef &atvesn| Eydsus et BxPrandAi nysatienab speed

. __above sol ar fer ' I ' Sy rqf :
imaGi & e Ry BuTer o Fonttiol HESNE! SHIRL Mot RohlchRHA FAEE specd
ima! f§€§ysﬂ&1 seNa tinetscan DCI/ENOS ghimepe et hat esresblatiswlodirup to
wafer 16 and reaches the |ine-scan i magi ng device 14.
12000 (52K} pisplect a 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 18m )
Fig/ pa xkdws Basedertionslaimigh ispepd: meagimgrpystdm 0 milggeconventional high
resolytion is only .useful for detecti m cro-cr.acks .
sperd s SgreiR A toeslR Rbf 0B uIB g T ko esigRyics 14
Thd BRI Scah Nl RS el 10NaLIuBEbarSR8e nd ABEHsRYsteEMSAnANE pakitioned
[Tmted to detecting micro-cracks that has a crack

abolvie resoliad whfer dibgeerperidiqulaln® ps surfacex Arsinfisrsdelighr sovesp 18 is

Thi.s. i jor Jinitation.t . i i
oS58 B B B SR AP L 5P
reabHeR Alihe/scafBnbhgihg UbdBe B6pm Fig. | b shows a close-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

o a3 B 45 TR St e e I AL REOL A IRE v
an n@fidl resol@titnbttet thag @$0mfn/t1e00yixdverct Sk /1#fel ddased on sampling
thogig e e PO @M B aHecBBy migg orioks having a crack
lin W8OSR AR %%9@%/ Offd AMbans 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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3 G her than the inmage resol ution problem detecting
m cro-crack in solar wafers becones nore conplicated
wobEnoeRe2 sol ar wafer is of multi-crystalline RPgR8G2009/000174
Sol ar wafers are typically fabricated from
nmono-crystalline or multi-grystalline wafers.
Mono-crystalline solar wafers are typically nmade by
cutting single-crystal silicon into slices. Multi- 5
I+ . . e
oG ¥ Bl e PP RicALRGn, Gkt nlb oo ol afers Sepomes
morehwniphictted vetieni thesotao wadkr|is if omblyi-dogstaltise tyret | Pajart wafers are

tvpigat febepgEs Som Renesnariiis R TRNER oo Mppgrystaline
soldr r\@ﬁeﬂoﬁl@[ %Yc?tl?l Ihhcg]ée b$ Qlluﬁ[ng\’\@iﬁgrescr%t@l Eifichih GhOr slices. Multi-

Inmpurity Iével in the silicon, multi-crystalline solar
crystalfing solar wafeon enithe ether hande ateoehitained by mishiengp golelesilicon and

becom nor.e .w.dely u 0- ald inea: .
therg GRETR e G i s S EEHaP B eyl S DHBl i Ricon into
slic&® ladthoust giuti-eRRRAInets0lah drferaanenower i quialifyahan end-orystalline

As shown in Fig. 2, multi-crystalline_ solar_ waf

. . 3 ers
solasrafess due empisherimpuripaleus in s viliean, pai-GREtaiipe Pl s are
f.or i of ,Er i | i Lidaoiahe -
nonggﬁepégél |((§:}gt Jlgoos'rﬁ e\rg%ggéées gl.wla‘gé htewl}llg[{ dg%ré u‘%%gg’: t extur emOrlo
crystallinelsdliar erayat fat hiakngssolarcellaf Moso-alsstalbpp sdaswhafers #mpear to
out put. i mages of the conventiongl. high eed i.nmagin
haV§yasP%‘r§%mi_(§grf'(‘ﬁ/§f‘€‘5Fe'gr i ﬁh%bﬁ?&lrl%eé’ EWZtP'FWSta@B’ﬁt Sroé%t wafers
exhdfil WaBPlididd 8in@bin Gliphet Axtaeaduestol therBARIJIES crystal grains of
difficulty in detecting the mcro-cracks. 20 There iIs
variel sizefdurieg thewedidiffcgtiomprocessr oved net hod and system f or
facilitating detection of mcro-cracks in wafers.

Summary Enbodi nents of the invention discl osed
Thd'BmBbR dufted Yexnas ih Ml ¢pdtaliiet @mransferedl ko apparsfiarthe output
~ facilitating detection of mcro-cracks in wafers, )
imapee pE ey eonvientiaral drighresd imaging systears H fegttabpraj poundaries

ven ; ey j sed: a: ino th
and f}% coh{r%i] be %é drlr%fgrﬁfgﬁ d&g%%p §'g1n§ 1H§'E£§Qqhé ﬂgﬁ}é‘@gﬁ{n detecting the

I nspecti on. Ises directin

' miGgoksdcantially along a first axis towards a first

surface of a wafer to thereby obtain |ight emanating
along the first 30 axis froma second surface of the

Th&@]tige{heré/f&%f s?'gébdt € ah iiﬂ‘hgfov@@ chedgsPat @%Eefrﬁ?ﬁsfagﬂitafﬁﬁg detection

waf er are substanti al out wardly opposi ng an

of midbsteacks al Wyfeesxt endi ng parallel to a plane. The
nmet hod further conprises directing light substantially
al ong a second axis WD 2010/ 062262PCT/ S&009/ 000174 4

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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towards the first surface of the wafer to thereby

obtain |ight emanating al ong the second axis fromthe
wa@emone2eur f ace of the wafer, the first axis bBCTI§G2009/000174

angl ed away fromthe second axis about a reference

axi s extendi ng along the plane. Mre specifically, the

ort hographic projection of the first axis on the pl ane

is substantially parallel to the 5 orthographic

o) Wely
towBiE R HREs A SR Sy b RN LR AR scoond
axisSe6i ke ae@aﬁd sorfabe of It}&nWafes th rﬂrsmm hbing amgtddoayoayafrom the

to the refer epce axi s. (ﬁcco ntge y th seco (% . f
secogrgpaé(ést ahopt AHEISISRRE AXLD ﬁxtere P PL1S org, specitically, the
orthggrg ;ﬂfﬁjleé%{rf: BFRhd Fr&taxds fohrtﬁé pldr@his. %Hﬁaﬁﬁaﬂﬁﬁirallel to the

substantially along a first axis towards
orthagn‘ap]mstprs_]aa:tfcax:ef tfe scovad exis o thé @laélbya@bﬁfaihrpfl thg prthographic

enmanat i ng,the first a n
proigricenar i B S ePard s o pepleand: SuBGRGREy SHAGRER fo te
refetdd@e WAk er are substantially outwardly opposing and
substantially extending parallel to a plane. The
apparat us further conprises a second |ight source t hat
cts |ight t I [
in 50N Vi 1optE O B e TR horeBE CERINEK U apparatus
confpRisiigh filsghghteoanathaglirtehight ibswatdhdalang 8 ﬁ&stcamstthwards a

second surface of the fer,. the first axis_bej
firsapfagel ohiayafer donthereby obtY ight emaiing oo gxis from o

sec&iﬂ 5k eogqhg Qv ALOGhdrbR RE 3RS alPERoaPGHhEGAM the WATEr are
ographic projéction of the first axis on the plane
substﬁntmlﬂlysdmandty bypgsinghnd kutistintialdy extendigg awgmllel to a plane. The

apparfa tt{seCt nCGFq{ Rﬁ%gq?%\g?ﬁ%gg &ggr %oirg?oegtil}tgt (glfe%h?lggﬁ*tls?@s?an%%gp along a

secOird Qﬂg 6% 58s We 1R RIrAOBE of Thé Wagérapt ﬂh@fdby (chatlﬂ Q@hﬂ @Manating
to the reference axis. Brief Description

aloiiy thwisagand axis fibwbibeiseeondssusface p’étheﬁvgﬁtﬂtb% ﬁgs‘t @x1s being angled

ed her |naf er Wit r
o S S T R e N S5 Wl spas: o
spebifRRIRE tthé GrtBo Sapiit pi@feeﬁoraﬁﬂ the frst lakisi & & piah@rsgmﬂ)stantlally
cross-sectional view of the solar wafer; 30 Fig

parglibvie the orthiogranbis/Broaation @ ds trepd axispnghe plase.” Wélf%ch of the
S | d| figr il
ortlgc)l%%)g?c ngﬁ%]&grphg hcgeiﬁltﬁvg%{r Irﬁglg hs%g%r%i: GRLObAGhE Pléhe! 1s flbstantially
ortR&xb04106 AR62REAICEE@RBO9/ 000174 5 Fig. 4 is an inspection
apparatus according to a second enbodi nent of the
i nvention; Fig. ba is a side view of the apparatus

Brﬁf“DFécgl tﬂ'mad)f)'i‘ﬁ e Diewigxi s, Fig. 5b is an enlarged

cross-sectional view of a solar wafer and Fig. 5 cis
Emropiarenpesitthe envention efe dikdosed| hereinaffes wihstesetknrag to the drawings,
n-vertical mcro-cracks; Figs. 6a to 6c are inmages
m?)’ﬁw% cro-cracks obt ai ned by the apparatus of Fig. 4;

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. 7 shows four processes involved in processing

i mges of mcro-cracks obtained by 10t he apparatus of
wa-2@n/oéz26Fi g. 8 shows mergi ng of mcro-cracks PCESEE09/000174

obtai ned by the apparatus of Fig. 4; Fig. 9 shows

anot her enbodi nent of the invention; 15 Fig. 10 shows

yet anot her enbodi nent of tThe invention; Fig. 11 shows

a further enbodi nent of the invention; and 20 Fig. 12
. shows. yet ..an ' : i h@ba:

Fig. 0t 8 InSELsEE Apriphe icoRly TP OLP A BhoGhnichEyf e BUchah,
draw ngs, enbodi nents of the invention described
hereinafter relate to cre

Fig. 5P isaisisle igW &F diorappatas i;%-g a@}}f? 3%2’85’%?%&%? 5 1§ 9nlarged
cros%g{:]c%%h%l' Yidl l%f %g{ilﬁg&hﬁp alg(i F{P §/Qs & baGHsetitB 91eR0HE the solar wafer

venti ona ds and systens of creating inages of
showingabnwaftembmibvo-eoickpr oduce an i nage that has

sufficiently high contrast for detecting m nute
m cro-cracks on the solar wafers. Furthernore, the

Figs| 5? F PGS B Imbidds loff ZAEroQRadMs oBtHiddd-131t}e ligparatneotBied;s for
30fabricating solar cells has raised the difficulty of
detecting the m nute mcro-cracks using the foregoing

: venti onal hy ¥ RYSPRSRS oBhined b
Flg'&?@\ﬂv‘f 03%%’08?%2%% 1?’ 8&‘/? «Egn é%%%:sgﬁgtllmgge%&r{lhe Phvention
the dfpakdtiid éghgrei nafter to applications related to an

i mproved system and nethod for facilitating detection

of mcro-cracks in wafers used for fabricating solar

- Qigﬁ, r SrfaBEs duitdThdd 19 thBaBEarbtds of Fig. 4;
Flg'ggen%ﬂgg‘fsn%n sgg)?\ﬁ?ég ?r%é\;(gnﬁ gns from oﬁer ag%as of s
application that facilitates

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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5 inspection of other wafer types for defects

detection. The fundanental inventive principles and
w@oareeee2 upon whi ch enbodi nents of the i nventPONS@089/000174

based shall remain comon throughout the various

enbodi nent s. An exenpl arygenbodi ment of the

invention is described in greater detail hereinafter

in 10accordance to illustrations provided in Figs. 3

to 10 of .1 he.. draw,n wherein. | elenents are .
Fot Shuptrer PERIET AR SRES: meLRhRionaidn g RRs Miliod peppinater
to aRPiRhEdnsSrela@d (0RdnEIMproSRE Sfsted ah8 nil@Bsd fdR Efcilitating detection of
herei nafter for addressing the foregoing problens. The

migrptdss dmwvalish ayedt fos fabsicating sojpecdllsy Thisheweven ogoneflimit or

pre\éﬁlfds lSbotRnds g@kﬂe iﬁ§?rﬁfolﬁefrofﬁac§tﬁér Ar¥RESE V\é#)‘figa that facilitates
sem conductor bare wafers or processed er at are

inspsctidni of bther fvadfer oaies dor afefécts dgeatiard  CTlrec Girdamlentab inventive

Fi, 3 shows a flow djagram of a method 300 for
P“?ﬁgfﬁéa“ﬁnﬁmﬁe%f“@? WieiFh qafodiments o'i%srmwtan, are based shall
ren%{fi%ﬁhﬁg thiBuSMbue HERLRLY cSBbadidmnt of the invention.

ects such as mcro- 20 cracks in solar wafers
typically extend between two outward facing surfaces,

nanely a first surface and. a.secon urfac f the . .
An g Fiptesd oSt R RGP 90isR S HERrad 1 8Rs Yaigh Hieinattor in
acddrdiet it dllbdtakiohse frdvidtdt id PVl dstd he Jfi ths tdréwingC&hefein like

the solar wafer at an acute angle to the surface of
clemeats\gag ientifipdewith fike refenenegrunagralshe sol ar wafer is the

| oner side of the solar wafer. 25 The nethod 300 al so

conprises a step 304 of receiving the infrared |ight
A fnethiod and apgeratus Qirfvedfer dbpddien solacrival egreiahferfonaddressing the

axi.s, re the second surface of the_sqlar wafer

forggning ai%?%m- y TRz mgEiod| Jpd Appaegss is ﬁéltaf%l‘? gqr 1g3pectipg seipr wafers,
f& fer that

os W3 B RNRE ol s Sln AP COR NG IR boftrd R HooiBtPhrater tha
arefused rethe ddnjeaiicresf iategtaed G@ditothifsor mi ng a first inage

of the second surface of the solar wafer based on

infrared light received fromthe second surface of the
Fighaf BbwalhFey diBgraf 654 method 300 fdhRspRtiRed waddr, fd#ihdi@ice a solar

conprises a step 308 of receiving the infrared light
wafgroacprbng wowrekegplar s caboflinngne ofitfednventiong Refedesiell as micro-

axis. hn ti,cul t.h r.t hogr.aphi QL ection of
crathe, B sty Weliisd By g Botne 18 Sl Fpctig Sitfacy, gramely o
firg QA cenaided sdcnd strficantfitled solarpesfee NUh& wletiodt30© comprises a step

ort hographi c projection of the second axis on the
308 jof skrophintinbigrad. Bght ftawardsfthe fsstsrape qhHir solagowater at an acute

an@% t$ Eﬂéashffggé élf’th%%); A t[ﬁ@ %Q@Hffﬁc&&ﬂh@ ?Jléuoxgai? isttﬂgloner side of
Irst axis on the first or second surface of the sol ar
themlarwafar. substantially parallel to and coincident with
t he orthographic projection of the second axis on the
first or second surface 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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15 The nethod 300 then conprises a step 310 of form ng

a second i nmage of the second surface of the sol ar
woweflenézesed on infrared |ight received from t PEr/Semonn0174

surface of the wafer along the second axis. The nethod

300 then further conprises & step 312 of superposing

the first and second images for obtaining a third

i mage, wherein the third inmage is processable for

Thé BRBRMG 3000fkther VethpFisdsQ 5683680 f@ﬁﬂ&%fayﬁféeﬁxﬁages oPthe second
the solar 20 wafer. In accordance with an exenplary

surfagp ofithesalar vafar hesadrnapfipred lichhregpived Somsthe eropd surface of the
i N jon is.described with reference to Fig. 4,
Wa%%?@ﬁggﬁﬁﬁg{%ﬂ%erspective vi ew of the apparatus 100
according to a first enbodi nent of the invention. The
apparatus 100 is 25 preferably for |nplenenting the
The gretipdi ¥ freheropragises arst%%?% ef rorgivang Bieain e gight frm the
sechd |sOMMED oF RRE WL 9fdngTa KB&NAPRAL AL S g}%gufaﬁ fRA& thographic
wth reference to an x-axis, a y-axis and a Z-axis of
progectibn eef- temins | ovialonc dor dirstade segmtlesorfabheof thendolyr wafer is
R S O TR A
secoRPacH ST QP RIESes a conputer 102 and a first
i magi ng device 104 and a second i nagi ng device 106.
The first and second imagi ng devices 104, 106 are
Alt %%{iﬁegﬁg%ﬁ,g{ﬂtbggﬁﬁl%g Tor(:u%g)glggf t&%rﬁ?srt 6'c11§’(is‘r’lonndth‘rejzlr 1rstC09’nsre1:gc§:ntdes%rface

of HELEO41606326:2RCTIBRANAOPAIE B ardicuineilichly withetHel 6Skographic
and second i magi ng devi ces 104, 106 are sent to the

projestpi pEthe sonddiy gmige fisstar yejord symigce b e wlassvafen
further conprises a light assenbly that includes a
first light source 5 108 and a second |ight source
Thd hixthobBh20(f thes tcoampdissea atep 3 1i0gbft fosmingce sechBB ,imadd of the second

sur. qrqgfo? {I}aegslp%/ag?ygif%é)ignf aqr &%ﬁ%ﬁiﬁ&%}é%ﬁ%@é@é gm’et g%%c%?lldesupfgce of the
Waﬁga%rfgi &Rl deYond Qﬁ(sjf IRt mRfhdd SROOMEN @iy coMPrisES a]s@é% 312 of

are positioned wth respect to the first and
supstoing therdigit regd devirsleinapes forldgaihing adihindditriagg whérehr thd third

imags 3 PO PR PORSEE 5 KOBER) QPO IL et a Go9F on the solar

waltged for transporting solar wafers 114 for inspection
by the apparatus 100. The conveyor system 112 has a
first portion 116 and a second portion 118. The first

o BS540, M, 1 5o RLRHRI P BE F B Sy 100

inspérgion-iadessrivdd Ivithirbfergee andigd @l wihivh shb®s afpeidprctive view of the
convexor 15system 112 conveys the solar wafer 1

14
apRaraiear 4 agaosHpe tha firsteamiodimprt fghainvgatier. The apgaratus 100 is
prefdd815 O EhptQRURME IhS HRSLARNS Indtod 300 5 \Bspeckndh 30W6r 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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More specifically, the first portion 116 of the
conveyor system 112 is displaced in between the first

wo pagheerevi ce 104 and the first |ight sourcePdD8G2009/000174
while the second 20 portion 118 of the conveyor system
112 is displaced in betmeeg the second i nmagi ng device
106 and the second |ight source 110. As the first
porti on 116 of the conveyor system 112 conveys the

I fer al t
Captgrﬁf}%é' ?H‘% ecogfri])gl% sé}ggtdé\r'llt% %gaf(?‘l 19? fagéc%eé{ fdn fggﬁ)eg uter 102
for ild Bhngu?y@,rds 25 the | ower surface of the solar wafer

114 at an acute angle 0. The first imagi ng device 104
is configured with respect to the z-axis normal to the

Thesggﬁra%\ﬁqfogrfu&ﬁé do ﬂﬁrﬁ@soﬁ l1'1§hp stbﬁfofﬁfhﬁglﬂchﬂl@& aSirt i@l source

I rst t sour al ong the first axis
108 14%d. al secodd 31gha3sourt:dne119p|ﬂ}heaﬁtss ahdOsdcondtight tsouksaptliPBe 110

pretPighemifisfangy ikihuy AreB s CH SESpt bRl e Blices

1 04S 866 hekir@Miy, TR L ahd Qemdt l?h@ REwED $OB MI102drE Xposmoned with

directs infrared light towards the | ower surface of
respebietos thieafirstvaid secbad. 1megingedavices el 04ndPé for drpeingeiigged light

i n 06 is confi ct to the
towgﬁg%%@ﬁger}%ecqngd PREEs eg}ce%(?‘gﬁoyféﬁf %t?v%ggpt uring
infrared light emtted fromthe first |light source 108
al ong the second axis 109. In this

A capysaonsysien 002 iis used) fer Hanpaping @%fn‘ga%ﬁofﬂﬂd@r dnspegtinnPy the
apphxgﬁ.gel ool 'Mlaecf'(ﬁl%}gd;r ‘ L& 11513 AR gBPcﬁ)nyl'l@(éIﬁl a bdtond portion

i cul ar ographic projection of the first
118axhs fkS7/patiod N6 0f thabmymmswtdusﬂéhmpawyy a substantially planar

solgpg{g%% dlléﬁ Lf]!ge%g_l@gilqu?\go%% 20@%&5&1&15 H‘Bﬂr Cwyi {ﬁﬁoﬁ éflg 2 I%}(l:ee conyeyor

systehB1 125@onv(eyseth9 Rblaflata rﬂlﬂﬂ&%ﬁ@ﬁ hloff thd1g-akisl Sttheasdthr wafer 114
second 1 magl ng devi ces 104 6 with respect to the

is thidrefote mde@csuh&taﬂtlaﬁmonéb@hyeéa@% 110, allows images
captured by the apparatus 100 to show highly
contrasted mcro-cracks 500. Fig. 5b is an enl arged

Mok @é&ﬂﬁ&‘ﬂsﬂ eeatirsy ipBivioal 111ef 3d @bnwgbesystdd HItZ p;odlepla&d in
5a. The mcro-cracks 500 extend al ong f X
betwnqn ;heaﬁgg; imaging devieh d Ot spé the first Jight spugeg d 08 gyhyfe the second

Pmﬁ»?%ﬁ&gg(}ééﬁ é%%hle rﬁallbyls didfactidh I'bg%z&fn tthgesecond imaging

e I mages “capture
dcﬁ%&ﬂﬂ@%h@&hd@ﬁnm&hgn%umcéﬂb@ of the wafer thlckness tw
and the acute angle 0, according to the foll ow ng
mat hematical relationship: 20 w =ty, x sin 0

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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For exanple, the solar wafer 114 typically has a

t hi ckness of 200pm If the acute angle 0 is 30, the
wovdvke2enf the micro-cracks 500 in the i magesPCHPGLOS 000174

by the apparatus 25100 is 100m This advantageously

I ncreases the prom nence ofy the mcro-cracks 500 to

thereby facilitate the detéction of the mcro-cracks

500 by the apparatus 100. Wthout the use of the

seco%ﬁél%@{s@%c%ﬂ@ SifRts Ghd %&Féﬁ%ﬁflﬁ dirRes Mdred Gpmcl®afid gh@‘fower

y conventional nethods and devi ces woul ¢ _
surfagepefahe isolat efdridges thraaduteareld Owi Kterseodndsingsigine) device 106 is

ich i.s not sufficientl rom nent t o
conligihsh fapeetiochs arhs e i Beopbar i Tatit S g intrared
light Ethffed FARR IR fidshBoiwisdikte W08 QlorghBe Rbdona a&isaA0RS Hfs way, the

contained in the rmages captured by the apparatuys 10
apparstuis id@pieradbnto canbreand/ eyEls xPesrosdimees 0 thcrsplagwater 114

t actual; wi dt h, of ' - | Se:
ol SF p Baflelisl b Bt QGO B Pn i e (3t SRS thex
y pliheiisbubitedtialgmaeendisulandic ot tirgraphiOgojeatict bf the second axis 109
m cro-crack. The pair of imaging devices 104, 106 and
on theg-yglaRe.of |ight sources 108, 110 preferably 5
creates high contrasting.i mages of the m cro-cracks
500 so as to facilitate effective detection of
Withi refoverceaokBig506, the dattiejus cirangemémroflthe fasbaad sepengd imaging

deviies alﬁf,‘f@i@véﬁﬁ?e',gﬁ% e Brstnfl Fesf iR et 108, 110, allows
imaB&Y Edpbitb@by tHRpafinG! W0AHABKW v g6Mmedsadd iiticePcracits 500. Fig.

extend perpendicularly to the 10 upper and |ower
5b isumnfentargecbéropsheccionad visnapE theisplar waien blddat neigtB of Fig. 5a. The

. M - ks, 500 I
i 5650 SR 9 TR PR KRe O e ot
wafeherebet ween as shown in Fig. 5c. The mcro-cracks 500

preferably appear as dark Iines in the inmages of the
sol ar wafer

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 0, according to

the following mathematical relationship:
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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15 114 captured by the apparatus 100. Alternatively,

the m cro-cracks 500 appear as bright lines in the
wGaame/oereyes of the solar wafer 114. The apparBtTSGH0Q000174

advant ageously create high contrast imges of the

m cro-cracks 500 to faciliﬁpte detection thereof Fig.

6a shows a first view 600 of the mcro-crack 500

captured by the apparatus 100 20 when the first and

e LRg b8 A500L0 ktd ratus 100 is
of (GE FRUR A IoRREracis 500 T SnclS Ul O Sppepaty
capableofidetdoting nagkn H00h nscohmavk dseasibvas a5 Qb stidthionigra-grack.

constant wwdth. Fig. 6b and 6c are respective second

and third views of the m cro-crack 500 captured by the

fJ i éggﬂ' i | RO Gaik BE lishBdUEcRNMSE NEO preferabl
The gg?r% [ ggirk%gﬁ%g\}igg’eﬂd%gaéﬁg?ogg theéh- axi s. 25¥.Eacﬁ of .y
creatdsehigle contiaging infriges! oﬁitmi@mqra@@é@nms ti;facilifye effective

l.cro-crack 500 t ei n.have. v ' [ i gt h 0
dete%@ rBs FRELTIR rg@i o e f?l(%rn?? %‘Yﬂgrllheglt% ngtﬂ%f)%t%g Yebxes.
Reall}tfdaly Cthd elicrol @4eks 808 us@llld exend sadiobdy in al$ dizedtions

pur poses, there is a possibility that the m cro-crack
500 is not detected as a single crack but is detected
as,.sever t Oz¢H - I [
i IRy B 0050 SERAI S it paauie oo
uppkif adRwWer slutfacesastkth G6lac nafigrels 4di Ineteed,omostouicro-cracks 500 are

frequently and prodyces onl e ts of ack _shorter ..
an&ﬂda%‘gay C%gﬂlr the Plplﬁlil&if %filtheoygﬁére?%?g?v%% éugt%%? ] 58% ex?endmg
thert@Qwee'R ARKA/ HG2262PCT/ SG2009/ 000174 11 The present

i'nvention uses a software application executable in
the conputer 102 to prevent the mcro-crack 500 from

bel ng undetect e shown | g, t fl
g RS P St RARHE L M e P bl §f sptr wate
1145QbakePbyBlctippdrhthsaloon G l{ehfitivelgxihe naibgb-traekssHOapgear as bright

i magi ng devi ce 106 obtains a second image 702 of the 1
lines dh dhe waherimpges of thegolaavafernkl4s. Togtapparest |40 pdvanigecously

econd | es 700 . af | +&n thdréof.
creqf Rl oA e d Pt R SRRl B R APER R oty
relative to the second image 702 such that both inmges

700, 702 have the sa orientation, 10 A second
Figppasbews 0BSCHIPGEdor e Mistiaak PP SAPFGRY Fisouppgratus 100
el | i t L p&ditibrBAGRrpAicHiakly with
whilpie A ol RO TSle dotfeet F0EIPH oxd bOIOIATRrfAM Y wi
respeat@rthalsdlirewafer dd4. Fhel npcoeuads5e) oshowar tdhdvera substantially

I mage, 700...In . a third process 708, the.cor.rect first
consiragaidhbo Fish doane dsatolreseing socond abd Biliers bE s iR orack
500 Bagftirell HEhL Girdtinfagie! dedfbe 194G IoRSthd il EHANtidisebhd naging

to produce a final "processed image 710. A fourth
deypcoobMsdorg theiysatihien used for anal ysing the final

processed inage 710 to detect the mcro-cracks 500 on

the solar wafers 114. The fourth function 712 invol ves
Eadli BAHZ@cbAN aAM thif® SRRt G2, 604 Khiewes iloimshé aticranahoks 500y therein

and detecting mcro-cracks on the finpal processed .
havenwgeingl Bne 30dths qlorg diowapestivg sragk (dirsstionpo "?W"t fither of the

.final ;pr.oc [ j: ' I
i iG E REAOHaE o o plipotS igRas Wpgitilty tha the
mi&6-cradke 500 6§ Bot daiekte80R Apipgkr sratln buhés fleteakd ms cerergk dhorter

image 710 with uniformw dth_and is suffi cigr][tl%/ ltogether if
migrociregksnin this epse.dle é\‘é?f@ocrb@‘? CMAYFYRRN S§73PS, dftection altogether 1

thd’n?&EXFack 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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25 Fig. 9 shows another enbodi nent of the invention.
An optical unit or mrror 900 is positioned adjacent
wae o1ke22en! ar wafer 114 for diverting the infreCE8G2009/000174
light transmtted through the solar wafer 114 towards
the first 104 or second 106 I magi ng device. The mrror
900 advant ageously al | ows the first 104 or second 106
i magi ng device to be positioned at different angles
Wi th - t 1 raC®k: A
Thelrbitaf BR860n S § FoRPpRlonlAom bl BORE W liputer 102 to
prevengihe naemn@ecws(m froe tedlgamdemted. 114. WO
2010/ 062262PCT/ SG2009/ 000174 12 As shown in Fig. 10,
the second imagi ng device 106 is relocated to a new
As %R;%M fnofﬂ 3’7‘ Ghe tf'ilﬁtmIaQﬁl fdevide BAGLLEAROR dirstTBGRETO0 of the solar
evi ces share a common |ight source, such as
wafthel4 aloﬁg tlie| )ghms snd theseosd imaging épwaﬁ@@@r@h‘tamsSa spsegd jmage

ul fi in design co n
02, gh oot LEAbuBie P B B R iafind RRoF RRkRL 960, 702
are %@Etofbdth@oédrﬁpﬂferoilz Reheke 0MYE pRcessy 30 MotAkR. thEifigst itdage 700
S O\A’Sdﬁet anot her enbodi ment of the invention, The

relagie dn dthp regandg imasd 762 196h dhet botd waagshd/ 00 G ayg the same
gqoﬁre rearranged and positioned along the first

Oneﬁlar]t on 116 of the conveyor system 112. The first
portion 116 of the conveyor system 112 is 10 displ aced
i n between the second i nmagin evice_ 106 and.th .

A soEuShBroRrB A0 Guec e GOy Best G TR Gostioilly dginr the
TOtAt?@ﬂi‘Spg?%%WOG%Vlil}p@l s%ccﬁ{drlﬁﬁgg 03 WitkEtdgeetol perspbstitle 2d scalar
of synmetry (not shown) with respect to the
dlfferansm |amigpm@m@sz\a| carradetl figit rirmlage | 700 the as@@dnmopesg hi08, the

cor?ﬁ%’lcjeglc 1%}9@563\7 g}? X@ge Lo C?é)jr él{ LeleEﬂOtSéslg B aﬁrh%thmetlc
funlgﬁ)& sﬂ_c!]ﬁasm rﬁﬁ‘ﬁ’mﬁﬁl RWORGL Ed/%)ﬂo&u&ﬁd ﬁhél@kode@seﬂhﬁlage 710 A fourth

lane 15 and is perpendicul ar to the plane on whic
protces@ 743 nsathewaseérfouanalyssng:tbﬁ\fmﬁb@rocww%%ﬁéQ t%sé?@dmmlcm-

ds al on L&r

e 5015, B ik 18" S9EH 00 RO 2P AR bipgaon nd
segRtMEYE @undtlﬂné Rirsanalysing s rdeteating e cionarecktsi canthe tiinel processed

second portion 118 of the conveyor system 112 is not
imagellr ed. 20 Sinmilar to the exenplary enbodiment of

the invention, the solar wafer 114 is transported

along the x-axis. The first light source 108 emts and
Figs 8hshibavs tai raickorcrick 800 dn ithd finalguobasert inzdge rV@ Ot Wélqh| ig gerived by

axis 107 towards the.l owe sur ace
compiping he e SeaoMIGIET 0oL RS 90 61 5. it RS Harek e O gypears
in fh@%a?@%k#’s@@dsnﬁ 0 1@f\ffﬁ‘l‘i 8fifbrng Widtﬁ'iﬁ@@d sutbcibhyfpiohenent to be

upper surface of the solar wafer 114 along the first
deiaxﬁed;b;tﬂﬂeim‘ﬁgeamﬁysmpmces&afer 114 is displaced al ong

axi s..on t fir rtion 6 vey .

F1g$ thé);pgslafgtq% O{i}rlléer?t qucﬁe eél'ltlé'ré' GA“{/ | }(S:thc%l glﬁﬂ o frror 900 is

oﬁﬁ%deéﬁa?ceﬁtaﬁ)t ﬂfeeso‘lkfr Whter flil4 Sor divegmgothe tihBared|light transmitted
waf er hereafter, the solar wafer 114 i

S
thrduglptm(setarmm Ht toneardselbe st Hidgpiegoerd i 0@ inaging dgvisp The

cand,li S
mlfrlob ﬁﬁ 6 tease %‘iﬂyea%%t(@ etg%éfﬂ suggltng%ltg %éa y1t ir e%‘h?ﬂevwe fo be
pokifibfiedr eﬁdhffd:r@ﬁlt ar%‘l@n\glﬂﬁ hepsetaornhbe soltrswafep 11 b \ar eseiving infrared
| ower surface the, solar wafer 114 at, the ai‘ﬁe
lightjora the firsh 0% eicwshend Hbiehy sowrge via the golphwpter
2010/ 062262PCT/ SG2009/ 000174 13
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captures the infrared light fromthe upper surface of
the solar wafer 114 along the second axis 109. More
waepeohéi2énl |y, the first axis 107 is angl ed avweyT/$GmNy/000174
t he second axis 109 about the 5 reference axis 111
that extends along the pla e on whi ch the sol ar wafer
114 is conveyed. The orthographic projections of the
first and second axes 107, 109 are substantially
erpendi c ren: i h
s SBEPRECRlsr 10 hs b GmbEnE UEEE 1 B8 Epfebitea MoK o fiiton suc
that fHerfirbt sadrseéand ibgingfdevives 104,00 \skyrera cogsnariight 3ouree; guch as

t he second i nmaging device 106 c I c ure.of t .
the fmclt soHagAObt TRRATGREametds sretthg L CR Rl i dddfains

€ LTRSIES: GAPIHERLe Pinitdidn GR TALARAY die@cbid pbrtrwmdof the
Ofth:ee %u?srmgiﬁrg devi 0%361041, 186 are gﬁt to the
convegopeystem 12 for i mage anal ysis using the foregoing

software application to detect the m cro-cracks 500.

15 In a further enbodi nent of the invention as shown

Fig.:lﬁ %{OQJ‘S e andiePBiflbbdigTeat of e @bedtivagi Tig: stevnd émaging device
i

sources is arranged on each of the éi st ng )
106 sed Hrecsopmdliahhsoures] 10 a1 reqranged anshpasyiianed ploang e st portion
I articul a 0 ' ] i i
116 o B b R b1 3 RO B Re Bl OB heRonblr system 112 is
dispiRe® e bpwicth dire 4ct8ndfimbfiag deniceyl06 aAd tiss steend light sawbe 110.
that the apﬁaratus,loo_further &?ﬁgrises a thi&d Iv about a
Morerspgrifigallie\ine seopnd gHging 4riid G Haffrfgdevimetiely ay
| thi ' : l1ipghtSimilarly,
plan\sggdlfrsglgﬁie?g. (Hgt;&vc\)dk\{nﬁ Q{lﬂﬁ&%&?t&-ﬁ‘l@ fRfdmAging Wet fte!108NtSimilarly

e for ego[qr;lg.j1 enmbodi ment of the :
the scrurdiipgitrsoasedh Ounairmgeil gyminetricaly abentdhe plapepf anmetry with

respealioghe Ft HeBh g T | &Y cTBPERS of Sy b PR iy plane
andggerﬁgrﬁﬂcﬂﬁaﬂ tBRGeS1ans ol Bidhchakolued gfer 114diskyntdyedS iA stference

second i maging devices 104, 106 respectively. .
axisTHd rextdnds plongae ndirsaction P& theplane of sy @&dﬁk}e Plgme on which
second porfjon 118 the,.co £Ng, d
e R R S
porfiie1 1A tHe boBRyosgutene] 1013 noBequidéd.
2010/ 062262PCT/ SG2009/ 000174 14 103 captures the

infrared Iight fromthe upper surface of the solar
el & 4 |obfboli RGN iffenfil, GRPLURESwafer 114 i
Sm}vl\%};rg ﬁ#a&’é%@awé”ﬁg’é’fi@&&a e?l%llllﬁ‘?enThe sol ar aWafe;rer . N
trankAdrtddndlong drt x-axies Tre fist Hglspmoamed 08| apnity andesupstantialypdirects
) t%ih,second 5 pﬁrti an &_} of t&]le convei/for @ﬁte"ﬂa}av%ferlm at
infiredrlight plang S Ht Py A _g‘li’{ﬂ“ése PGV IACL e O
theS fé ahdibad.! YTl et ﬁnd%iﬁg’ Aeede | oahtheh oaphgles tie infased light
surtface  of the solar wafer 114 at the acute anale_o
emuhiting ftdne tHeouppeh sinfaagi afghe svlae wafknd 14 alpngrthe firfeaxis 107. The
infrar Light, fr t he, upper. supf .
sotgipyalet 18415 HbiaptCFehET A SRRl GLIRIES Blrabl daMidhe conveyor
syste I { DuAtTREE fifkk ithAEing abwite 104 esmplduds 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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10 The third and fourth i mages together with the first
and second i mages of the solar wafer 114 are sent to

wa beooenput er 102 for image anal ysis using thePCT/SG2009/000174
foregoi ng software application for detecting the
m cro-cracks 500. The four ;h,mages captured by the
appar atus 100 advant ageously all ow m cro-cracks of any
orientation with respect to the 15 upper and | ower

A6 AR Afed! : t R 4 along th
o 40 By D TR0 LD SBBLAN B 114 v
secattdx@dl f9or waf er i nspection are descri bed according to

an exenpl ary enbodi ment of the invention for
addressing the foregoing di sadvantages of conventiona

f@p@%c&ﬁyﬁﬁé fiRE 53;1990‘7 NS REAsd SRay HolPeGBesal a)klﬁl(fSeéﬂbout the

diments of the invention |s di sclosed, it wl
refebmcapqxas dit thet extendsk tlohgcthe rpletee oar which Wieesplast Wﬁfﬁfsll4 is

hat ch d
conf, e et el TR PERRE PR R} BB Y00 o
subBstidlS geRiendivuiab @lthe dehte Ads fltbm t he scope and
spirit of the invention. WO

2010/ 062262PCT/ S&009/ 000174 15 Clains 1. A nmethod for
Ne}wa gl%rso'la?sﬁ%?? {15%&5&5% ' S%gathe x-afis '0RChE Qﬂ?tl ﬂcﬂpén 116 of the

sta S ovvards i'rst
consaycfrad;eteﬁf 1az \wﬁbthet secoink imbging btealca 106gtampletes apptuge of the

| h
sec%a? ERagcuR e S ater (148 s SELGHE ReEHLRBaeg oped by the
(ﬁ{dn?% ﬁrs? RS tadhd &hhing WeVRES! 34, 0BORE Beht @ Ghe computer 102

ral 'y extending parallel to a plane; and
for dmagez analgsid ighg theufosegamg siftwaralapplicaios de aletechthiesmicro-cracks
500 towards the first surface of the wafer to thereby
obtain |ight emanating al ong the second axis fromthe
10second surface of the wafer, the first axis being
angl ed away fromthe second axis about_a reference
In axigherxerabeilimgniapbiy Mmentgmase: shown in Fig. 12, an add1t10nal 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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wherein the orthographic projection of the first axis

on the plane is substantially parallel to the
wo@edaihoenephi ¢ projection of the second axi s onP@TIEG2009/000174

pl ane, and each of the orthographic projections of the

first and second axes on 1§hhe pl ane is substantially

orthogonal to the reference axis. 2. The nethod as in

claim1, further conprising formng a first inage of

103 tcﬁgtuﬁés e i c?ﬁ @ﬁ l}ﬁ?&t egib\}\)laf o Surkd o8 o aeRA L 18 f 149" he third

secon er substantially al ong
imagihe dévwstloaxalﬁures h ¢hivdineage lod vhermplax vaferckd 4f or ned
therein, the 20 first inmage containing at |east one
first portion of the crack; and form ng a second i nage

TheQoldrh@afel 14 Sk fcaﬁt%&@&sdoeo&lsfﬂased hBRE tReBAAGd BE the @8tond
the second surface of the wafer substantially al ong

portidiel beobtite eotivsyon n@tegeéb:hdvhemg@ fourthdight seirae 1I1%ei>§"tlts and

o G SRR e A e B TR B e e

acufe’ DF & @Qvlﬁllertﬁ& f@uith ﬁﬂgﬂ[gjdévmw bagwes e infrarcdtlighe ﬁ$>tn the
one first and second portjons of the crack, the third

uppeiaiach of My sssvaler 1 k- Yhe fuedsisnasme deice HSfetirsy fourth

ima%@gfﬁl agkr WasdNgqanafer. 30 4.The method as in claim3,
nprising superposing the first and second i mages to

thereby obtain the third i mage. 16 5. 5 6. 7.
The third and fourth images together with the first and second images of the solar wafer
114 are sent to the computer 102 for image analysis using the foregoing software
application for detecting the micro-cracks 500. The four images captured by the
apparatus 100 advantageously allow micro-cracks of any orientation with respect to the

upper and lower surfaces of the solar wafer to be substantially 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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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
surface of the wafer, wherein the first and second surfaces of the wafer are
substantially outwardly opposing and 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 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 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.



10

15

20

25

30

The nmethod as in claim1, wherein directing |ight

waIRPAEEAT 2 it or Ccompri Ses di recting i ght LCUEFHEOITS

10.

11.

the first surface of the wafer at substantially an
acute angle to the plane. Tgpe nethod as in claiml,
wherein directing |light substantially along a second
axis towards a first surface of a wafer conprises

di maethetigpd aght clhpWal Sthetd®/dirbetinty lightrsubstentdllyt 416ng a first
waf er at substantially an acute angle_to the plane.
Thaxifdewads gstiush sefageral e wikes cempriges dgsdting 11g%g fawards the

SUB ST g0 Bl o il

emanating along the first axis froma second surface

of _t he fer .comprises conveying th fer. alo t he
R A T AR
Pl 858 toWhtds HElROSurdel T £ At cbmpHh&y &i‘rébtiggrlf‘%ﬁ 't(?ﬁaé'ds the/

light substantially along a second axis towards

fi fisst senadead ¢heoWafich et snbstentidlly anrespistangletip dhaplang ht
emanating al ong the second axis fromthe second

surface of the wafer conprises conveying the wafer

al qRg idikodhs hoelkaR N, GviREdh Aty REhtt ®starEAR0alaxd § first
on the plane. The nethod as in claim1, further /
codpisitevaygs gr bt surfagenfia waferjtordlagraly akbpinctherlight emanatlzg
ca [ [ [ I ' . AXI .
rr Sy B ity B0, RO S e Wl Lt oBveyine
cl dienwdfer dlong therortho praphiipagjepticovo fthe firsh asie oanke plamgi ng
device for capturing the |ight emanati ng al ong the
second axes fromthe second surface of the wafer. An
apRae ﬁ{e‘tlﬁ)dlcé%qﬂ tlatth 19 wherein dil?eycftigg gltgh! éatﬂf@fanﬁﬁw #6ng a second

directing |ight substanti al ng Irst "axi s

t owais deward$ thedirstsurfhecef the wafadd drerehy dbitan dight ahamating

i ght emanat i .al.ong.the first. axi s, froma second

suf Pag SRS FERnG Gobi E S bRl BoBBEt
SuEhiaeemgafic Wi ARHY/AGERRATH SHRANELAGOIEAedohdldi on
waf er are substantially outwardly opposing and
subspend al |y extending parallel to a plane; and

a second light source directing |ight substantially

al ong a second axis towards the first surface of the
vafThe nighddey iayaiebt, dhnhdricohiprieianabyidthead fRgidaditedevice
second axjs fromthe second surface of the wafer, the

fi A captirmgihe Hghtoerganaging wigner the Hrstrxis Bewnife gggoad surface
abgil,.avdtef erence axi s extending along the plane, -

wherei'n the orthographic projection of the first axis
on the plane is substantially parallel to the

ort hographic projectio f the second (s on the . )
TopParecthct s B iy 1+ Fer eAtgR i rophbjEc POHS igtosing
t heedibé Shr 3RFuSRE AR 1@&?%&%&6@9 alIn@N@el Second axes from the

substantiall'y orthogonal to the reférence axis.
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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wo 201806260 f ace based on the |ight emanating frecn/sGmod600174

12.

13.

14.

15.

12. The apparatus as in claim11l, further conprising a
first imagi ng device for formng a first imge of the

second surface of the wafer substantially along the
first axis, the wafer havi g a crack forned therei n,
the first inmage containing at |east one first portion
of the crack. 13. The apparatus as in claim 11,

2UfHeh\%feP QP Eﬁlﬁkﬁﬂlaﬁﬁgﬁl@@%}?h}t E@&fqp.%sgﬂé E'gtgte{n%u_xé extending

Of orm ng a second 1 Thmage ace |
f opareldel bag pthnenartdhe | i ght emanating fromthe second

f f f bstant.iially alo the second .
i s iond dl Y ieg s e bifrabafrall 0B e Sooph axs
POfoinads @b firfiesuefads Kf thtdwafli® RBRBY 3btkth ASh dnfafthSalong
11, further conprising a conmputer tor conStructing a

256 yegondraxje Fremnthe ]tﬁ_écqﬁ,dr Str(fja&n ofsthe gmferi, trth@ é'sstb?d?;l]being
L econ ortions. o e
oraddlé Rpay SRS 081Ecd Bl AT A3EEERER BRE P ERDiRalinl e

byplalg conputer for inspecting the crack in the wafer.
15. The agiparat us as in claim 14, wherein the conputer

super pBasin; the 9rihographic) prvectiosnef theefist axis emdhelpane is

201 BaB R & TR FrsneafSbiis grojsstion of e ssoqpd exiseon e
c| plane, biid eadhesfttha otthegpliis prdjegivns 86 thed@rsidindesetend a@8ton
towards the fjrst surface of the wafer at

s uﬁgtpgaﬁ‘f’ ilsaﬂbﬁéaﬁﬁal%%‘iﬂépgaﬁﬁll t thegefarencgpiie. 517. The
apparatus as in claim1ll, wherein the second |ight

source directs light towards the first surface of the
waflks apRaraupes amiclaimn) U1, dhrtherutosmisyigea fiosttinmgpigadevice 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.

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.

18. The apparatus as in claim11l, further conprising a
conveyer system for 10conveying the wafer along the

pl ane. 19. The apparatus as in claim 18, wherein the
conveyer system conveys tl]g waf er al ong the

ort hographi c projection of the second axis on the

pl ane. 15 20. The apparatus as in claim19, wherein

t 0 is .0l ti i i .
sCARBLERTLE R L MR, A%l Bk Dk e

ortbwmds alxh fiest puofaes bf the whfecr e sslestanidllxdnsaate agle to the

pl ane. 20
plane.

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.



