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* METHOD AND SYSTEM FOR DETECTI NG M CRO CRACKS I N
WAFERS Field of Invention The present invention

-generally relates to apparatuses and nmet hods for

i nspection of an 5 object. In parti:cu
invention relates to an apparatus and amwgmmgﬂ
i nspecting wafers for defects Backg
cell s manufacturers routlnely perforn1|nspedff%n on
their solar wafers. This is to 10 ensure that any
de{ RGP APDYMBIMTORDETIENNG MIECRO-GRAERSANWARERS
the quality of the solar cells. A solar wafer is a
thin slice of silicon crystal that is comonly used in
tf%m(ﬁq q@{ on of solar cells. A solar wafer serves
a substrate for solar cells and under goes a series
1J15heo;§regeﬁpmklaﬁfoh %@n@ﬁlﬂpt‘%ﬁ%% a;gﬁéfat@s%@m BetlEROBF Inlsgddtion of an
et ching and patternirg, before beconm ng a functiona
s@meqt bepdrticylar, the inveafied latesieey apparetie and 2 gethgd deraingpecting
egqg{fgy of solar wafers fromthe begi nning of the
rication processes in order to inprove production
y|eId and reduce production cost. 20 Mcro-crack is a
cgq&&n qsfect found in solar wafers, which is
eXtTERIY difficult to detect because sone
My S hiOce@ &&K&fa&h&rﬁ l@\dhﬁdlﬁb&fdrm ihdpRcimnaanthely eslarawnate 8y dihis is to

to optical m croscopes. of detecti .

B, e S e S O ‘wé?ré@ge HEFI'U&C 58 2% fracqilie! Jf quality of the

I gfisraegd i magi ng technique. Solar wafers are nmade from

silicon of high purity and appear opaque under

vi si bl e Ilght However, due to silicon's band-gap '

CRELAY WP o ufip AR ﬁ*s.npaaﬁ Bh31aPRRER o hARRPALETH eNBHication
mnnﬂe aving a wavel ength | arger

t bfsolat L2 sdlargmfer’erengs a subatrate dorgotr gfllsiand Amderigges a series

ssi fled as ne f a i
°ETBHbHE%h 3P B S o2ty g, e
Cbmﬁ(g alfurﬁmwmlﬁl\m ltaﬁ)thereffmarved @awelrtasnaianmnqae gsality of

infr ht S .
(E wa ers ?ro e beg(l)nl#;l’gge% falBrxgenxon procetssersgm or ere§o improve

productlon yield and reduce production cost.

Micro-crack is a common defect 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 lanp and hal ogen lanp. 2 As infrared Iight
1s' capabl e of penetrating through a sol ar wafer nade

-fromsilicon, it is possible to exanm ne the interna

structure of the solar wafer by displacing the so]ar
wafer in between the infrared canmera and |ight source.
5 Sol ar wafers are nanufactuQFd in a production |line
at high volune, typically at a rate of one wafer per
second. A solar wafer typlcally has a rectilinear

SRaRGraAadicht é#ﬂéa%q;eeoflﬂh%ﬂﬁ oith Lglean: LAEmoRYsilicon, it is

100mm and 210 e solar wafer also has a
t possib kel totermmhme@;ns lmtf:rnbbstméme 260 sodar 28@an by displacing the solar

C\QQ ereﬁtbe ne%lp the lgﬁ'iir%gg;rg?ra ag@ﬂé\%g?tﬁ'é’ét emis used for

i nspect conventi onal high
speed 10 i magi ng systenmuses a |line-scan CCD/ CMOS

pgtggrl \gaérﬁ%t@e nqlz?rin“%cll}br 191 aUt gl{félﬂle iliug%tth?% cﬁl(l)ng%etéo ga at a rate of
| GROWRRr pySteetndl Qo sa-lhe“@mﬁ\tﬁﬂ&dll@ﬁﬁds ahﬂe@lhlmeﬁnp&&x@e and a surface
i magi ng systen110 consi sts of Lg

| fiFEDSERRT bavaERHOdey bt L00mm and & Oy TN e?ﬂﬁg‘i@fﬁf also
dexsi £¢ ﬁ@al'tﬂﬁkﬁ@?%f%%eﬁslﬁﬂ% & helan stémﬁnﬂal ﬁlgh speed
p03|t|oned above a solar wafer 16 perpendicularly

| tnsagmgm'ate@ is Aped fwrmp@cdmgutlgqqftolagdmf@é Mestu@nve;ﬁlrﬂa@aéd“"h speed
TLaQ’ %teﬁfh e!ca&%c%@g/ld érgftﬁ rl%g 'ﬂe%lhnon of up to
e SO a an

Fat’8s rwafer reaches
Iﬂﬂﬁm$tﬂﬁnnmﬂg|ng device 14. 20 To inspect a 210nn1by
210mm sol ar wafer, a 12K |ine-scan canera is required
to have an inmage resolution better than

2R $20v00 pbrv@htsoral hikBrpéedi ivabing Based 10n Tmaaaqnlvem@nal high
theorem this inmnge resolution is o

dg{eégtlpqggngrﬁyé}egl cRugists oﬁa\;plﬁautgr H%{Ei%:a ‘Jl?er]%awnaeagﬂn%ﬁjevnce 14.

MphelibdI@An Zmﬁ)glPi@H@wceTm mchB@ G mehRtang anvBnystemand W gdiitioned
speed i magi ng stens are |imted to det ecti ng

nhkave- acmk\gaf{:lh & perpendicudarlycte it Hafags- d@qjlrigqudalrl%@rsource 18 is
Pﬁpedzbef%\%%essc%ar]@ﬁy R ﬁﬁh tidt IMd it Sehdira®esTRE Xlar wafer 16

mtation to conventional high speeéd’imging systens
bemhms@wsﬂelm#dthﬂoﬁgmgdPUC%bﬁcks is typically smaller
t han

To inspect a 210mm by 210mm solar wafer, a 12K line-scan camera is required to have
an image resolution better than 210mm/12,000pixels or 18um /pixel. Based on
sampling theorem, this image resolution is only useful for detecting micro-cracks
having a crack line width of more than 2 pixels. This means that conventional high
speed imaging systems are limited to detecting micro-cracks that has a crack line width
larger than 2 pixels x 18um /pixel or 36pm. 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. 1a. 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
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36m Fig. |Ib shows a close-up view of a mcro-crack 20
al ong a cross-section of the solar 30 wafer 16 at

-point Aof Fig. | a. The mcro-crack 20 has a width

smaller than the image resolution 22 of the

conventional high speed i maging system 10. As a

result, output 3 inmages of the mcro-crack 20 do not
have sufficient contrast to allow inage anal ysis

software to detect the micro-crack 20. Qher than

| ARG 5CHOIMEicORadk BPLHE Wbt QL 8GHficREL FArEad-16aA6Y ihfAge analysis
sol ar wafers becones 5 nore conplicated when the
swifavarafafdetect the micrengrack 28r ystal | i ne type. Sol ar wafers
are typically fabricated from nono-crystalline or

mul ti-crystalline wafers. Mno- crystalline solar

wafher shaarimagey pisclatiory probtten, biytectmgt linicgosrianlg Iiresqimywafars becomes
OWOECC %rr]]H)Itl 'E%[?d Evgm:%g%heasroelaro\%%ﬁgrl I < r%r:;i Fal I?n%l tgl;e V@ |4 [Wafers are
Siybicaion abdaﬁﬁﬁn&@hlﬁmmdcbheumelbedmshimggmmhe wa&b Mono-
slow y before cuttin U I|d|f|ed 10, sil

StoREbne SIETBHEH 0 PPiealr JRaaPY cHEng Bl ST d cgp dro slices

| M&ﬁf—cr‘y&aﬂlnH@'staV wWalf@§) on TR QotkdrYihay Ark %teﬁﬁédalﬁy W@ﬁtﬁfgsa pot of
due to hi gher inpurity level in the silicon,

coiljeangngjt st togamekias siion io s ke SCiRE @Jt%'t@s'the solidified
efifiemt fn‘t’(ﬁsl?créFi )thl?oug (i'ﬁ)mlrégysm'fn% sofdr @l s Lh?@%v@é?ﬂﬂ quallty than

nono-crystalline solar wat'er for naking sol ar cel
Monoe-cryyetiak | soire wafetsaduendd dighenpippeanity tloviianeths snllcon multi-

prygtfl il SsclillréI %z erst gr)ét uorn%the& %hl%\l\a)s eff cltge ?a’nd 'E%Jé Hapoilh%ng more
I ne so ers ex I cated Tandom

Swrcfe@CL&edi ehh uni(mod.myStatlh)net dodar V\fatﬁa'rrfat mamnpﬁolsirrqeﬁ!; &Mono-crystalline

p?@fe%% etfsﬁlpg)%r:%dlgalmggmﬁ:%rgogglgfl}égf%?eg(lnird.l fAsC%JVanin Fig.2, muliti-
medythHia e yﬁ)ﬂa’lﬂ lvafees sehiait mﬁﬂ?li:ae(ﬁhﬁn’ﬁoapmﬁhﬁ itextdrbedue to the
out put |na of t he conven |on higE eed i magi ng
SysPiian AT g8 Grsr dourah e s iABeT BR g e

contrast between different crystal grains increase the
difficulty in detecting the mcro-cracks. There is

t Rbe endoma surfarsdextprsrin ArI-apyralieg selpsalersale pEHaEN theoutput

f ﬁﬁééeg %?{Hencg)ng&tt%ﬁ&l' hqgh s&fed %&g’lﬁ’g Qfs?e%sld. @ry‘@glegrrz?m boundaries

and the contrast between different crystal grains increase the difficulty in detecting the

micro-cracks.

There is therefore a need for an improved system and method 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 embodiment of the invention, there is disclosed an
inspection method. An inspection method comprises receiving light emanating from a

first surface of a wafer substantially along a first axis for obtaining a first image of the
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25 Summary Enbodi nents of the invention disclosed
herein involve an inproved system and nethod for

-facilitating detection of micro-cracks in wafers. 30

Therefore, in accordance with a first enbodi nent of
the invention, there is disclosed an inspection

nmet hod. An inspection nethod conprises receiving |ight
emanating froma first surface of a wafer
substantially along a first axis for obtaining a first

| FROGurBLe tBeffom,f thE StarGUah R LASE &frmeMthdrbig AMATRE first image
having a crack formed therein and the first image

cmmtaamlng g least dngamrtignel ]diléroﬁcdin Bre WF@CE@%WWOW?@O comprises
§Q§I§Q|Lllplﬂ @E&P@ﬁm@a]tr&ﬂ O S8ce Pleﬂﬁl Waﬁ? shﬂ)&emﬁally along a
the wafer

Irst surface o
saebsﬁchavtns dbrl gbtaihinpq secombouapst Exths ﬁhﬁrsurjbtteaﬁhnliefrgma the second
secon

[ st, sur.face. t her Q t he -
S ERRGonTT R etshond iy B REE TR, I Thes! Binps gendine
Oiugkthﬁtldl"llyq%lkallet Beldnes &id thelobtegagid erugicrign of the first axis on the
substanti a allel a plan and t.he orthogr
pP! ajlf‘eEftl%ﬁ'béfva fally perpeagionlpy 31€d>rﬁthf>ﬁréph'ﬁ|r>a%%°“88?>£3‘% SeCond axis
SHPHe Mk alThy ilREEREN Hiefhdl FrtePCorRprisBOB RNt g a third image from
projection of the second axis on the plane. The

i hspelenst one fiest Rardon af threreck afihe ey awerreopd perifg obthe crack of
t I rﬁrs gﬁ@esegd’n%mm;%glg? r@épeét%@ﬁecﬁﬁ' fé{eéltﬁcﬁgr tth@ﬁhl@é image is

cra and the [‘east one tion “of
cs@sﬂanm‘l|y1@octelsﬁabhfmsmsmntdlgb@cmd< mnﬁgwsfer es pect i veI y.
More specifically, the third inage is substantially
processabl e for inspecting the crack in the wafer. In
ant acdadaaee Wwithha ase&&ﬁioadb(&ﬂfhadi sfete iaferttioe, tewemt doplpsed an

there is disclosed an ectign a tu 0

a"SPFHEN ARRAEA gP"mr@w%é (EPF ety PP %f% “?%%tﬁ grards 2
afirst JuifhdeSdf & Waf@C eeOlvafer Wafigg a drilk Mxhed tie@sih NgTige inspection
crack formed therein. The.in pectlon ar at.us %Jﬁo .
cé?ﬁ?fq“éseﬂsoacomﬂf’s??s 3 ﬁﬁ?@irﬁﬁ%‘ déﬁipgifgstp 8yrecgying light emanating

r @Lﬁﬁiamlzﬂg/ AbSh FRBRA & a SUORE ﬁl"ﬂtabcalof Yheak B wherkirb®ta first
axis froma second surface of the wafer wherefroma

f image contaiifes a;mracmfﬁg pattianeof she sk if phianallerthe hsopyt surface
gs an?&a llﬁll\og)taﬁdllg pgzanet Frﬁin%ﬂgﬁggalﬁﬁﬁu%?dly b)%b@ng the first

e an stantial
oadn’f@e diTyre inspgetisn ag)aréna 1furthg‘tcomprlses a second imaging deVICC disposed

for receiving the light emanating substantially along a second axis from the second
surface of the wafer wherefrom a second image containing at least one second portion
of the crack is obtainable. The first and second imaging devices are inter-configured
for disposing the orthographic projection of the first axis on the plane substantially
perpendicular the orthographic projection of the second axis on the plane and data
couplable with a computer to enable obtaining of the first and second images thereby.
More specifically, a third image is constructible from the first and second images by the

computer and subsequently processable for inspecting the crack in the wafer.

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

in which:
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20 surface. The inspection apparatus further conprises
a second i magi ng device disposed for receiving the

-light emanating substantially along a second axis from

the second surface of the wafer wherefroma second

i mage containing at | east one second portion of the
crack is obtainable. The fir and second i magi ng
devices are inter-configured™ for disposing the

ort hographic projection of the first axis on the plane
StiBS T ARl 4 ¥ordRnBHaP SYMkinG Woraihsfebn Ok tsPROMARRI G Fig. 1b is an
proj ection of the second axis on the plane and data
colpeabiressweetipnal iomplithe solgowepabl e obt ai ni ng of the
first and second i mages thereby. More specifically, a
third image is constructible fromthe first and second

i FrggZshoby atteti-coomplitestruetng of alsslegwelat;| y processabl e
for inspecting the crack in the wafer. 30 Bri ef
Description O The Draw ngs Enbodi nents of the

| Fig eNtsiadinspeiod insethaaisae corbiap &b M aifst enboudimbntrof flerievindot;o
the drawings, in which: 5 Fig. la shows a

conventional system for inspecting a solar wafer and

FEQ: 4 |sRniiSspedlion@PpAAEEELCEFIRES0 286doh@ BRAbodim@Ht &fthd iAention;
sollar wafer; Fig. 2 shows a nmulti-crystalline

structure of a solar wafer; 5 Fig. 3 is an inspection

PN 188 SREDIAN of hadafafls AR ARAL B xR and Fig. sb is an
Invention; Fig. 4 Is an iInspectron apparatus accordi ng

t enlargeeaosseseetrmabivienw of a edlat Wfed; nvent i on; 10 Fig. 5a is

a side view of the apparatus of Fig. 4 along the

x-axis and Fig. 5b is an enlarged cross-sectiona

ViFgw fafio 6c seliangesaf aricroferagks otf@inddobyBhbe apparatusagdsg. df

m cro-cracks obtained by the apparatus of Fig. 4; 15

Fig. 7 shows four processes involved in processing

| FRYBSha¥s MBUCHOcSER Gk \btimpioeeksiny imides o pac-atdiks éftained by
Fig. 4, Fig. 8 shows nerging of mcro-cracks images
obEaPrrsuby! tideh apparatus of Fig. 4; 20 Fig. 9 shows
anot her enbodi nent of the invention; and

Fig. 8 shows merging of micro-cracks images obtained by the apparatus of Fig. 4;
Fig. 9 shows another embodiment of the invention; and
Fig. 10 shows yet another embodiment of the invention.

Detailed Description
With reference to the drawings, embodiments of the invention 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
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Fig. 10 shows yet another enbodi nent of the invention.
Detail ed Description 25 Wth reference to the

-drawi ngs, enbodi nents of the invention relate to

creating a high contrast inage of solar wafers for
I nspection purposes to facilitate detection of mcro-
cracks thereon. Cbnventlonal<ﬁethods and systens of
creating imges of solar wafers do not produce 30 an
i mage that has sufficiently high contrast for
dﬁEr‘?ﬁi l'nﬁg;om @H‘sehe@" talsfd @I{ea@ih*‘r:tu?i? driRecef ﬁﬂre MRLRS Sicro-cracks

Furt the 1 ncreasing utilization of
nusiirtg the foyegoand doneenimh@d meethags add syfstghsi cat i ng sol ar
cells has raised the difficulty of detecting the
m nute m cro- cracks using t he foregoi ng conventi onal
c %P?lﬂryosae?d ree§|C arl RE) eesscrlotfel%blroo\rgth% Zln?gh%o? eia limited
Shdr€insfienad hppllchﬁorapﬁlateﬂab i annmprce/leatsgﬂem mnamneithrqnir fow datilitating
system apd.nethod for facilita detecti

oG0P Ao ar LR ge PORbRGRE SRt shySe S owever does
CdtliSnit Irprecl RV i fk@Sof tROInvEtTHn trddd odﬂEle&l:éakdﬂ‘ apphcatlon that
enbodi nents of the invention from other areas
afppllitasest inspectipmiol ofheeiwaferatyees fofsgrdects gefegionot WE‘? fundamental
Wﬁfv@r{tlvubplﬁap e® ElncﬂjF rﬁ%t? uﬂ&% Shich QRbodikent lé@qﬁ:n‘ﬁmn@ibn are based
i nventive I nci pl es ‘and” concepts upon
esﬁaﬂdwmanpgmmbn thiveughovieht vaipuacaberdiments. 10 shal |
remai n conmon throughout the various enbodi nents. An
exenpl ary enbodi nent of the invention is described in
gAeakenpldgtamodmeme bhaktieveniion isaegoibedimcgedter detail hereinafter in
illustrations provided Figs. 3 to. 10 of .the ..
RS e praided Bt iar £ Shaft A nps, e like
| tlk@ektehRN@MEENURRNiAL FeferdieeAufieiaiod and apparatus for
waf er inspection is described hereinafter for
addressing the foregoing problens. The nethod and
aRNALBEHshd appstiul Rl veafrQhspeERNGE HdsBGbAMeAinAfRF B SddreRfg the
wel | as other wafer types such as sem conductor. bare
wéregoingopropleeed e meiaf @pd appsratusdip suitabledfor fspeeeing solar wafers,

f QPWEI?QSI SR8 Wifed t%e%gs{xa{ £l oGl borHRtRRafers or processed wafer that

are used in the fabrication of integrated circuit chips.

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

of the solar wafer.

The method 300 also comprises a step 304 of receiving the infrared light from a second

surface of the solar wafer along a first direction, where the second surface of the solar
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20 Fig. 3 shows a fl ow diagram of a nethod 300 for
i nspecting a wafer, for instant a solar wafer,

-according to an exenplary enbodi nent of the invention.

Def ects such as micro- cracks in solar wafers

typically extend between two outward facing surfaces,
nanely a first surface and a7second surface of the

solar wafer. The nethod 300 conprises a step 25 302 of
directing infrared light towards the first surface of

t Q@fels QlbRfan By eSur@drd B pp64s Ghe ﬁr@lgéugfaéé)oitth@ sSIHF H2GE Phhe second
the wafer. The first surface of the solar wafer is the

| swikaee eff awlar ofafarieths oppar sidapeihe Whls. met hod 300 al so
conprises a step 304 of receiving the infrared |ight
froma second 30 surface of the solar wafer along a

f Thestnetthod 8660 ifather Wampéses hestepetivnel fsuniﬂlgcaeﬁr@lf inudge o§ oheagecond

7 subst an out es; th
CavPae &F R SRE Ml Br bR b BB P Pt sprtace of
Sk anafarafoRp thesfirkidireciger S|de of the mafer. The net hod

300 further conprises a step 306 of formng a first
i mmge of the second 5 surface of the solar wafer

bagefheMdd iyef ﬁ@ 8dcdrhgHits b QRBI08 b TrERII d@ﬁa\esm&e@ light from the
surface 09 he wafer along the first rection %

nEechitsisuytage pﬁmené%ferceiﬁw # seoné dgechign 308 pafticulsg.ahe pﬁ@ographlc
\NEI? e'rcp(grf 8f % Hsglatreééfo ant ﬁln@ ﬂr§te&ro§égm§y§l]cr?a9 o?fthé E(ﬂar wafer is

ong a secon irection. In particular,
osubkiagialyecpendi@ulpr djeewthiograplif prdjection rof thedsacest dmttlom on the
ce of the solar wafer is

t I
sﬁﬁ%?“ﬁ??nggﬁfégggﬁﬁﬁ%u ar’ the orthographic
projection of the second direction on the first or

cond surface of the solar fer. The method 300 t
o S 4B SEkarrontere pop At Rg" redith P HAGRSO  Hosecond
SQGRIBE of the sSIiF Wake baledtdrEinfdlealligh@ieedivddasetl thsecond surface of
infrared |ight received fromthe second surface of

t He wadretlong begeeand dsetiang Hhe wetpdA0 thea Thgheisampters a step

t Qﬁiqoffsjd[)érB&rmé:ﬂmHt %ﬁ@se@o&t e%?o&glnﬁ%paetﬁﬁg%@ Wh&ein the
first and second i I’mges or Og’t al ni ng I mage,

whendeimage freprogdsiably qura@s@ecrtslgghmve&sa%lt*@@bdrldmﬁépéeﬁeﬁﬁ@n the
the, wafger to thereby identify defects on the

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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solar wafer. 20 In accordance with an exenplary
enbodi nent of the invention, an apparatus 100 for

-inspection is described with reference to Fig. 4,

whi ch shows a perspective view of the apparatus 100
according to a first enbodi nent of the invention. The
apparatus 100 is preferablyz{or i npl ementing the
foregoi ng nmethod 300 for inspecting a solar wafer. 25

The foll ow ng description of the apparatus 100 i s nade
V@a%ﬁréﬂﬁ%@ﬁ?s@_aﬁ@s&@na(ﬁ Ingy de@ic¥s 108X 66 fBded 1 thbMp@br 102
a three-di nensi onal coordinate system The x and y
afoesnagxtapaigsis.al ong a pl ane on which solar wafers are
conveyed and are coincident therewith. The apparatus

100 conprises a conputer 102 and a first imaging

demw apparh@d 180 duaher 30mpeeopdighmagemiy dieat iimeude® 8. firftnleght source
first and second imagi ng, devi ces 104, 106 ar

oHF Bl D BB e atl e cBbrag seorid o soHer 0 110
t prefeh® c@npifRedli@zht tHaROREcBbleddpheIfigtalyscebial iniagiily devices

and second i magi ng devices 104, 106 are sent to the _
chf*plh%rSpmﬁcal?y@fhei firgandassenngsljeht sopges 49Bat L0; i€ Pegoned with

fRESRel R SRiISseRold &%I@S&%‘UEL Yod hale foPGlrbélRS idfrared light
first Iight source 5 108 and a second |ight source

1tb®ardFiee firstand seevurd dmegingidgvigght 0% d0¢ ewspectiggy- 110
preferably emt infrared light that is detectable by

the first and second i magi ng devices 104, 106.
Speohfdyoabysyem 1 Heisfuseds for amaospssmgrsdlal mgfers slgufoe ésspda®@n by the

110 are si.;tioned with r ect to the first and .
sumafi: 5 hs B Rey ienl TAIGE ot ngifor | ebdpaeandppriion
| %)Eﬂflffhetfﬁ%@fod&)nt he dfi the toredorssgstemd 12nmgiayy adebita@imnlly planar
104, 106 respectively, 10 A conveyor system [

LS Wl LA et HIPRGihe e BRrE Sacpad porop L E ek e samveyor
byystehe1 120Ra8ya kS sl Qvafdiig 4GRBMBYASngSHE b &R1s1 e Ralar Aafer 114
flrst@portlon 116 and a second portion 118. The first

pisrthereiareicpgveyed sphstapB#besidhe Sy tidm 112 conveys a
substantially planar solar wafer 114 |linearly al ong

the x-axis while the second portion 118 of the
cdtwveyprcifically, the first portion 116 of the conveyor system 112 is displaced in

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

device 106 and the second light source 110.

As the first portion 116 of the conveyor system 112 conveys the solar wafer 114 along
the x-axis, the first light source 108 emits and substantially directs infrared light
towards the lower surface of the solar wafer 114 at an acute angle 8. 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 direction
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 and conveys the solar wafer 114 along the y-axis, the



20

30

15 system 112 conveys the solar wafer 114 linearly
along the y-axis. The solar wafer 114 is therefore

-conveyed substantially on the x-y plane. Mre

specifically, the first portion 116 of the conveyor
system 112 is displaced in between the first imaging
device 104 and the first |ighy source 108 while the
second 20 portion 118 of the conveyor system 112 is

di spl aced in between the second imaging device 106
andohd B 86@06 110 &htts SRAWLERankihy disctd MErafeldiBht RNVatdsARe lower
116 of the conve¥or system 112 conve s the sol ar wafer
13ufage ghthe splap walesytil 4 at ﬁhhécurti: prgle f aﬁ@ secen¢ dpagjmgdevice 106 is

e t Y, f ti142
IO
ablﬁltaeedd@t enred Tioen the fistt lightesgiing 1@183wlpcgth:t($dcdng direction 109. In

c nf | d wth respect to the z-axis.norml t.o the
this W E ppflfﬁusflg)?) 1S (%lz)il[%tﬂ u(r:z}pture an rél)r\lled se¢ r}d imase f) %16 solar
fwafertlhe dlorrgsthel y-gkit. Sl@upiatr?ﬁaouldi)ﬁttﬂl @'ﬂ@gtabﬁlcf prbﬁ:t:tlon of the first

dlrectl In this wa t ys 0O is.ab
e WP LomiMd xor Bobl Sur il FeraBRLRH IR oriaghae profection
\A@fme sekbAd alr@fign § BRox thaXlysplak0 SI mlarly, as the

second portion 118 of the conveyor system 112 receives
the solar wafer 114 fromthe first portion and

CMMeNTert e t§q31§‘r5aV\@lﬁeeE>bl;'q:lué a‘?‘rlaﬁ)élagnetnh%f YieBffds® an& b&ofd imaging

second |1 ght source emts and substantiall
didevaests sl Otnt Qaweth rbspgﬁttOttbw\érsﬂ@nd hecOhd)Wght scslmcrefs d@é b¥0, allows

t aeut I

ﬂ#ag%%é’ka%'i ler{/x\@%\g{hiééparahs LoJp gclér gﬁﬁp\%% tr%sées eC{O {rac %‘1{%%0 Fig.
z5ks & andargeall crows-stdi@nsgloliaw oﬁVEhfeeDlaﬂWé,fef‘ (bt4 axammrB ofFig. 5a. The
infrared, | t emtted fromthe first |ight source 8
SRGRETS BRI o et LR el U%ysurfaﬁf‘eofl e solar
appgrat4as 100 is able to capture and provide a second

i mge of the solar wafer 114 along the y-axis. In
particul ar, the orthographic projection of the first

divaeifetilaflBal 10 theORid N, 3f dhe HhidREcrhéks FOOSH AR inddgey captured by the
per pendi cul'ar the orthographlc projection of the

sersrdusdiM0de ¢ funstiamof the wefss thickpiess|taprd thg gewy prpgle 8, according to
r9E95mﬂﬁﬁgBﬁgﬁh%nwﬁﬁﬂmRMQHBbl'que arrangenent of the

first and se I magi ng

w; =1ty X sin 6

For example, the solar wafer |14 typically has a thickness of 200um. If the acute angle
0 is 30°, the width w; of the micro-cracks 500 in the images captured by the apparatus
100 is 100pum. This advantageously increases the prominence of the micro-cracks 500

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

Without the use of the foregoing oblique arrangement, the micro-cracks 500 as
inspected by conventional methods and devices would appear in the images having a

width of 5 pixels, which is not sufficiently prominent to be detected.
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devi ces 104, 106 with respect to the first and second
i ght sources 108, 110, allows inages captured by the

-apparatus 100 to show highly contrasted m cro-cracks

500. Fig. b5b is an enlarged cross-sectional view of

the solar wafer 114 at point B of Fig. 5a. The

m cr o-cracks 500 extend along”}he x and y axes agai nst

t he upper surface of the solar 15 wafer 114.

Mat hematically, the wdth w, of the mcro-cracks 500

| Puke@mbRBARSr Pl UhE fbréBbidcNRath ARARE B B odR, kit Ridth w; of the
function of the wafer thickness t,,: and the acute
afdgre-coickaeWoiosfatngdtin thetimagds sRptaikH By theeaphaiatisi 8@ s independent
r [ R = b, isfn O F t :
o] B SRR 06 e 202 TR mERE e e BBy 100 i
t h@aal@@féetaqt'glg@ luen wltlB@jcrodamckisitasilyas Ff0unheidth micro-crack.
m cro-cracks 500 in the i mages captured by the

apparatus 25 100 is 100m This advant ageously :

| Mhe egmesud 10O Peforabhereerioés 4 hedr of imagingrdacikss B0 104 ond a pair
th reby facil'gagﬁ he detection DE t he m cro-crack .
580 1B %OHEe%lﬁb r 20U #8500 gheptingpish (faniRsing fmpgss of the micro-
f OraB0500G0 @bkd fAURItAE EAREEBAECtioh BE MTdr6/cRickS §0TKsn HOQol@Swafer
i nspected by conventional nethods and devi ces woul d
appeatongnthehe dndayaicsh Raatigically. stewnisroregekss Sp9 xuspaly extend
Woin @b iySin ARUirsYfchb.ci ently prom nent to be detected. 10
Furthernore, according to the foregoing mat hemati ca
relationship, the width w, of the mcro-cracks 500

c I i ' r t.ne appar at 100
;% ARG 1O AT B RELH G Ty REEED e 108 warer
mil 4 capurad kg the Gpparhius 1G@ansltdrivaiveyh eheappas-atadiss 300 apsar as

| f.detecti 1 th m - k il
CRRERL G b b e & B ShERe 15 BBt 10

pa®fagfagdduylyC ORRE | I5igls can@@t rimagesi ogHengidevrers S004o facilitate
106 and a ir of light sources 108, 110 for use in

C QQFpﬁﬁ“ﬁggh contrasting i mages of the micro- cracks

500 so as to facilitate effective detection of

m _cro-cracks_500 on the sol ar wafer
Fig.6a shows a first view 600 of the micro-crack 500 captured by the apparatus 100

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

device 106 along the y-axis.

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

crack shorter than a control limit set by users of the apparatus 100.
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114 along the x and y-axes. Realistically, the
mcro-cracks 500 usually extend 10 randomy in al

.directions. The mcro-cracks 500 preferably appear as

dark lines in the imges of the solar wafer 114

captured by the apparatus 100. Alternatively, the

m cr o-cracks 500 appear as rnight lines in the sane

i mges of the solar wafer 114. The apparatus 100 15
advant ageously create high contrast imges of the

M PreSn@ i@ n@Iuded af Beivhiet BpBcatidf eREdutBR IhN@E @BMmputer 102 to
Fi g. 6a shows a first view 6 of the m cro-crack 500
cRipvant &g ngrorgreckaydfdiom bring osletegisén the first and

second i magi ng devi ces 104, 106 are positioned

perpendi cularly with 20 respect to the solar wafer

1A4 shoMmeinrfigr b tlor sk ink@hg devish d O obteink avisstaimage 700 of the solar

subst ially constant, width,.Fig. - r :
rvé’gt%{ei[]% *\1}8"%%'8 SRy P ndvinéa\%% goc}%Q{CEQG%%gtra g’-s%rsg%%d 1mage
500 sfaps sol@dvdtyr tideldngrisd y-axisgBot thetiisc endl@doral ioraged 108, 702

x-axi s and the secand i nmagi devi c 06 al ong .t he
yaEXFAL 1oode EQRpUTSE WA enaos famiacan P ripEadna gt B 700
SMe _ttbahe tsh@n@1 iﬁfage CD2 Cic P Qht LHIGT @hies NAOE 7TURMMAVAIGhe same
line widths along the respective crack directions.
VPietadiopher of the mcro-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
bétseranddupesss @06 aerrests e aptash dirstamagary @G i pesaiowslly register the
t hi se,. e~ Cl.0- 0 :

i Be AER beS % R i DBl 102 SEM BHREED prrspestive and
didatne ifference) afid pguert b yomceteddirstdmags 7@hl Iy agbigdrpotess @08, the

ot S S0 8y B gl SR, ho e

s Qfrct@, euaPpd b Gihindun guetioh,afl @odute tahBnad grpueted id@Ze 7600. A

prevent the_m cro-crack 500 from bei undet ect ed
s FRYA Arepeps §l2 7 thempse il%?rs*l“alyﬁﬂéit e reg sce 4o A8 decet

agfel faibo-tiABIGE 50P8n Ofe sBRr SRS 115, Ve Foukth4fuati@ng7 IN&volves
x-axi s and the second i nagi ng device 106 obtains a

s biverichtiomagé segoentasiontfiectiops dr anabeing pad dieeling Mifgo-cracks on
Yaadd i prg&ts&dtinﬁgghr@t and second i nmages 700, 702

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¢c. 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 or second imaging device 104, 106. The
mirror 900 advantageously allows the first or second imaging device 104, 106 to be
positioned at different angles with respect to the solar wafer 114 for receiving infrared

light from the first or second light source 108, 110 via the solar wafer 114.
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are sent to the conputer 112 where a first process 704
rotates the first image 700 relative to the second.

-image 702 such that both images 700, 702 have the sane

orientation. 10 A second process 706 corrects the

rotated first inage 700 to positionally register t he
rotated first image 700 with the second image 702 with
respect to perspective and scalar di fferences, and
produces a corrected first image 700. In a thrrd

PAOSHowW 13@% 1bNRe s&Ohd Btdefith delIc8l 06 FREIBcat&Proanbwt ;h_@rtron such
second i mage 702 are super posed by an arithnetic 15

f thaicthe birst asde¢vond imagingdaniaes fl (hcli0p share agopyedylight gource, such
t%gall RO gﬁts&%réen‘a&? 7r3ln% erA?ngErQ L0 REREES Sful?:l'lzcérém design

used for anal ysing |na processed I nag

t conelediec bf thehgpparatusot Gy axclatlse &06paoe) lmhetlslmlnannsmlﬁ@ she second

114,. Th ourth fu CtH? 712 invol ves binarization
aWH“%éaﬁE%FEVe%Hsr Hetions for anal ysing and detecting
nicro cracks on the final processed imge 710. 20 NO
ows a.mcro-crack 800 in the final ocessed i e .

7&1@ ¢ IHFEOING 'BaRfSF-ia) SAPHUS puhb ARG foyettes 'Paectawrgggsmbed
S£LORhgVioeMSex@np kP 8mb&iImamthiRe inlBRioNl fof addrERml BOGregoing
appears in the final processed inmage 710 with uniform
wiigadvartpgesiof cammeniienab methpd of eerfaianig nepepion. dditkaugh @nlya fow
t r 2 :
g, BOAL KRR RRE o AR B oipaRRE R IAPIR te artin
909wroé thlpd)ls¢|t)$lmé1dt mdicaascharges artiéorguddaficaiah ean Belmadegp cater

Vae\r rldsvgrgnoe effr&'l’]et s{r)z\?e\:,rg rgrq S!u:(rﬁ-ng *v}tﬁo%t gloatrttmedfrontl reoslégpr%natélg%pirit of
d&MhMEn&@ﬁ, 106. The mrror 900 advantageously all ows
the first or second imagi ng device 104, 106 to be 30
positioned at different angles with respect to the
solar wafer 114 for receiving infrared light fromthe
first or second light source 108, 110 via the sol ar
wafer 114. 12
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As shown in Fig. 10, the second imagi ng device 106 is
rel ocated to a new position such that the first and
second i magi ng devi ces 104, 106 share a comon | i ght
source, such as the first |ight source 108. This
arrangement is useful to fulfill certain design
constrai ns of the apparatus %OO or due to space
l[imtation in installing the second 5 portion of the
conveyor system 112. In the foregoing manner, an
éphas atus and a nethod for wafer inspection are
described according to an exenplary enbodi ment of the
I-nvemn bapecten mgtedsempiisingie foregoi ng  di sadvant ages
of conve t f0 C
Al t hough?&toclreﬁﬂ%I Ilgﬁ% eqﬁgatmr%bﬂg{jrrem%go Ctgiog%l %ﬁeaﬂfs?lghanltla”y
d| sclabtsgoh fitst axip Kdr olb@lrapg)aﬂmtlmagst dnlec Skst buréade itheraftoen, the
osur g that. nuner ous change
ana oFe bk eregh TSRt ey R P RO R R R R one
r angepodtfionhfltiee Ghekes and helghts wi t hout departing from
the scope and spirit of enti gn. C ai 1.
An .nspee%crswgn'taﬁhsraaf@aﬁ%?w. tHglirst %@WP@@ |Wa5q'at85ﬁtam'a“y
enanafiéidg af §eRBAR akist ok SYiAihiRgCa QbcRdWARARE of the first surface
substantlally along a first axis for obtaining a
firsttheraligra. 8fc sehendf image copntefriie at [fatteteoiproichportign of the
waf er . havihg fﬁftCELﬂﬁa'ée f&feﬁﬁﬁl t!ﬂ;%%tgﬂ t Darfdl faStpldnEmQﬁd the
contalnlng at least one Ftion of the crack
r eceiarihagraphig hmrognmvapf rﬁlge 1ﬁr9@ raxishen fthe lans ubdig eulstantially

the m;/%fr;)eeﬁldfsc{flgrs{hant h ic %rlf)J()e?ﬁ fﬁfeg%ecsur%%llssonft% plane; and

obtai'ni'ng a seco 65d"?
therefr orabnstdneu@acmnd nmﬁ@g@orﬁm&allmmemrsd peasin afitke crack
second rtion of the cra% I.I st sur

oxct or G JE7b PamES<AN FOBAR 15 CHCpIESPeRY g frst and
or t hogeaahinagdl oj ection of the first axis on the plane
bei ng substantlally per pendi cul ar the oréhqgra phi c.

proj ect i ovheein thiethd dpAgr Bxiubstamiatlndrenessible fqn¢pspecting the
consthatih g vabhird i mage fromthe at | east one first
portion of the crack

2. The inspection method as in claim 1, further comprising directing light
substantially along the first axis towards a second surface of the wafer to
thereby obtain the light emanating along the first axis from the first surface of
the wafer; and directing light substantially along the second axis towards the
second surface of the wafer to thereby obtain light emanating along the second
axis from the first surface of the wafer, the first surface substantially

outwardly opposing the second surface.

3. The inspection method as in claim 1, further comprising directing light
towards the first surface of the wafer at substantially an acute angle to the first

surface.
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and the | east one second portion of the crack of
respectively the first and 15 second inages, wherein
the third image is substantially processable for

i nspecting the crack in the wafer. 2. The inspection
method as in claim1, further conprising directing

light 20 substantially along the first axis towards a
second surface of the wafer to thereby obtain the

i ght emanating along the first axis fromthe first
surfapR iRlpechidlem¥behs indMmdi, EskluBiehd d @ ima e from the first
substantlall al ong the second axis towards t
secorﬂi’ds&srwfﬂg Bnages chmpiizeh eswpftrnosmeﬂwekfyrstom%mond dginages for
eman econd axis fromthe first
surfg%gB%FgI%QQWEPﬁi% the first surface substantially
25 outwardly opposing the second surface. 3. The

L nspegt | i.n claiml, further conprisin

b Stlegeher i e p e B AR forgh A, BRTPReFRE fom o
waf erfigt sﬁﬂlbstoﬁmt walet yutatanagiyt dosngl festt axid e 6Ht;ﬁshg a first
surface. ﬁ The inspection nethod.as i Pw

1, coH¥efr d’ tt ‘?15”%{ PReF e £PBRRITHSCES a8 “éﬁwﬁght rom a
second oMY fEcCATRY #eSataH AP ATING thd&chhd Skfaghnd

- second images for obtaining the third inmage. 5 5. The

i nspection nmethod as in claiml1, wherein receiving

!3' ghtTl?enﬁ%E fe{hgﬁnasa n Illal'f'rﬂ ﬁHﬁ%r %ﬁlg&gl ?ﬁ lcﬁﬁ Fm ogtlcal

Ssubst ant i ong afirst axis Ing a
i mageurof for Ide'ecftlnlgsltghs wctiaed fromethe flirg sudanepoti the svafer along the
recelv £CQo qurface of the

waf er® gpgmﬁn @“ngmnoﬁﬁwfaﬁawson%]dhd]surface 10 6.

e an
The inspection nethod as in claim1l, further

onpr i sing providin unit for directin
i ght *re i@ %@ ?*Fi?ﬁ?ﬁﬁ@??ﬂs %W?lae%eaf"&'r@tww%g from

al ongthte |ﬂ'|€st seffiddagrigpwafer QibejagedllyAbn@fa debend dxisStor akiafing a
on the ane.
secgnd image of the first surface therefrom comprises receiving the light from

the first surface of the wafer substantially at right angle to the first surface.

8. The inspection method as in claim 1, wherein receiving light emanating from a
first surface of a wafer substantially along a first axis for obtaining a first
image of the first surface therefrom comprises conveying the wafer along the

orthographic projection of the first axis on the plane.

9. The inspection method as in claim 1, wherein receiving light emanating from
the first surface of the wafer substantially along a second axis for obtaining a
second image of the first surface therefrom comprises conveying the wafer

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

10.  The inspection method as in claim 1, wherein receiving light emanating from
the first surface of the wafer substantially along a second axis for obtaining a

second image of the first surface therefrom comprises rotating the at least first
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7. The inspection nethod as in claim1, wherein
receiving light emanating from 15 the first surface

of the wafer substantially along a second axis for
obtaining a second imge of the first surface

t herefrom conprises receiving the light from the

first surface of the wafer substantially at right

angle to the first surface. 8. The inspection mnethod

as in claiml, wherein receiving light emanating from

a  20adi Je8éndS IhdeRE SorOfpaBalefeBisteRiHP ShANEt &hhde RItRNBE Second
first axis for obtaining a frrst imge of the first

sur f af®@ee-her ef rom conpri ses conveyi ng the wafer al ong
the orthographic projection of the first axis on the

pl ane. 9. The inspection nethod as in claiml1, wherein

t bcei Vhenigspectdrt mevmadas imglaifir brwvhe?dn réveiving lsght swrfiaing from
oh ol 91 SERUOFANL AL Lk ah i RSPl Al Brining o
t her efecand dmapy | ¢feshec divvte suirigeet erafadher congdrisag dofensating

ort hographic projectjiaon of the second axjs on the
pl aner?ef%?t“‘ﬁr?@diS@ﬁé*éf?%ra}?e e S ishand sepqdymages.

wherein receiving light emanating from 30 the first
surface of the wafer substantially along a second axis
15r obteinpichgeramedad ahip Gladgle WhEreheonsiryaing & fhird #gage from

t her ' ' '
and sCeond oracoa®fuds Brhiic) Heradls E AR ald tend hages by
i mageanwirtthmetivefusgidond i mage. 11. The inspection

method as in claiml1l, wherein receiving |ight

emanating from 5 the first surface of the wafer

$dbst @t ingpectiormhethgd as Seclaimd 12xwhertiarmapingithd figgt and second
second i mage of the first.surface therefro anpri se
compaastY g aR Gl st G e Pt AL mage by
bet wegmimb® fimdtioh. and second i nages. 12. The '

i nspection nethod as in claim1, wherein constructing
athird image from 10 the first and second i nmages

COPI AS ARpERILE bfthrdthecdnipigingand second inmages by an-
arithmetic function. 13. Thé inspection nethod as in

cl ai m 12,2 hghepesemblyetigioss fondireqting dighinigwaeds @nférst surface of a

watfer, the wafer having a crack formed therein;

a first imaging device disposed for receiving light emanating
substantially along a first axis from a second surface of the wafer wherefrom a
first image containing at least one first portion of the crack is obtainable, the
second surface being Substantially parallel a plane and substantially outwardly
opposing the first surface; and

a second imaging device disposed for receiving the light emanating
substantially along a second axis from the second surface of the wafer
wherefrom a second image containing at least one second portion of the crack
is obtainable, the first and second imaging devices being inter-configured for
disposing the orthographic projection of the first axis on the plane
substantially perpendicular the orthographic projection of the second axis on
the plane and data couplable with a computer to enable obtaining of the first

and second images thereby,
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I mages by an arithnetic function conprises obtaining
the third image by a 15 m ni num function. 14. An

i nspection apparatus conprising: a |light assenbly

di sposed for directing light towards a first surface

of a wafer, the wafer having a crack forned therein;

20 a first imagi ng device disposed for receiving |ight
emanating substantially along a first axis froma
second surface of the wafer wherefroma first image
cont ai Ni Rehepdin b @Msd ineRe if LdmstrudBI AR (RS filsh8nCEREK InSages
obtai nabl e, the second surface being substantially
par al Pyethe gopputise anthepbsegyenthinproedssapleolgr ingpertipg thsppads inghe
t he f%g@{ surface; and 25 a second inmagi ng device

di sposed for receiving the |ight emanating
substantially along a second axis fromthe second
urfage of the wafer wheref.roma second i e,

Tnt af 1 fopestiSh B8Pl A BB SRRIR TG &S drsstsg ot e
I s obfidi nafabeof thbevafdraad reatided Bo@NKRE savg N@Yfadeyl tesvafer at
bei ng inter-confi&ure for disposing the orthographic
proj etPFEHay ap aette prels thstefs on t he pl ane 30
substantial |l y perpendi cul ar the orthographic

projection of the second axis on the plane and data
tdup! B BSRECEN 2pPawHys a6 dt claig Ehdwither somaiisiga eticalunit for
Firstgirnfh AHROALVTRIRShE Q@Joﬁ@x efabB of WRET B hidhel Ndiftion
image 1s constructible fromthe first and second

i magesibigntiahly peuhplubeertogopsiglpse epiionoff thegirgeassaliheplane.
for inspecting the crack in the wafer. 5 15. The

i nspection apparatus as in claim 14, wherein the |ight
is di Tlecinggbcddn tpygaratiid isSin duinf &4 ewladreih hige Viglitefforankk second
received fromthe_.second. surface of the wafer at

bt APl e HEEE T Sougiret e b Bl o Tght gie %0 the second
I nspedirfacnbyappedsadresof @ firkk aal 8¢0dhd Anaginy debaes.

conprising an optical unit for

18.  The inspection apparatus as in claim 14, further comprising a conveyer system

having a first portion for conveying the wafer in a first direction substantially

parallel the orthographic projection of the first axis on the plane.

19.  The inspection apparatus as in claim 18, wherein the conveyer system has a
second portion for conveying the wafer in a second direction substantially

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

20. The inspection apparatus as in claim 14, wherein the computer rotates at least
one of the first and second images for spatially registering the first image with

the second image.

21.  The inspection apparatus as in claim 14, wherein the computer compensates

perspective and scalar differences between the first and second images.
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10 directing light received fromthe second surface of
the wafer along a direction substantially paralle
the orthographic projection of the first axis on the
pl ane. 17. The inspection apparatus as in claim 14,
wherein the light fromthe second surface of the
wafer is received substantia{}y at right angle to the
second 15 surface by at |east one of the first and
second i magi ng devi ces. 18. The inspection apparatus
a5 | NTRd RbgBcddn afpdfdulieds i QA 18] WBerin ARNVSY RlieraliRINs the
haV|ng a first portion for conveying the wafer in a
fir st g ardeesand iwagrstbann agthmetic fimcun. el t he
ort hographic projection of the first axis on the
pl ane. 20 19. The inspection apparatus as in claim18,
Wher ellre inbpectonampertussagsh ehnirh a8, whersipabatirspand sawnnd omages
conveyin Shhge fer.in a second direction
substantiarty*® paf d'l'aM" Mt He“'8"t hogr aphi ¢ proj ection of
the second axis on the plane. 25 20. The inspection
paratus as.in claim14, wherein the conputer rotates
2007 o B Msrg RO PPRRIES jrbq I f: SBetsHLnE ﬁ'ﬁnﬁteaésmy comprises
spat i alidayt srR@fatRE1RB obRe bhd $echbiBlEht Whdrke. t he second
I mage. 21. The inspection apparatus as in claim 14,
wherei n the conputer conpensates 30 perspective and
scal ar differences between the first and second
i mges. 17 22. The inspection apparatus as in claim
14, wherein the conputer constructs the first and
second i mages by an arithnetic function. 23. The
i nspection apparatus as in claim22, wherein the first
and second images 5 are constructed by a m ni num
function. 24. The inspection apparatus as in claim 14,
wherein the |ight assenbly conprises at |east one of
a first light source and a second |ight source. 10



