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wWa @Dy FlI ELD OF THE | NVENTI ON [ 0001] The pPE&B®#1004/002284

invention relates to imaging optics and associ at ed
illumnation systens and in particular to an apparatus

whi ch provi des coaxial narrow angle dark field

illum nation of a planar specul ar object having at

| eagy,, R@fér&%ﬁ@ép 1BAKKGROUND OF THE | NVENTI ON [ 0002] pATENT
There 1's a class of" sem conductor products that are

predom nant | pl anar. and..spe ) flat and i1

and it is friddidaplaNABS Wby ARS8l ik a LA,
in such way that even mnor deviations from planar and
specul ar are i maged HIERDaWEqUH BNEBNTI@QNt. One such
cl ass of products are sem conductor wafers which my

| ‘tOOOttiEi provi ded Vl*hteE)rrT%sgfgﬂ iglk%ltfoﬂ%laéeg% ﬁﬁ&eg?x.lg B9n@béiBEiated

: "[oo

ngs, wafer n manut act ur ese indicia

~ are.defects in the surface of the wafer and are. .
3 typilg‘é!lm?t_lorhsysmsrqn ip, pagtiqular tomgara&st@p&m@%des coaxial narrow

indicia are known in the art as "soft marks". It is
nec esgladgrk field ithgeingthersef aplakes spesultas aljectimvingddeast one defect.
vari ous steps along the: manufacturing process. [0003]

After the devices paws@rennsh THESSVEeTN |y cut
by saw into individual rectangular devices), it may

necessary .40 inspect the f I '
(%jac ks that ﬁgﬁ?r%’rs@p“zagsgtois %@?&ﬁ‘l%%%éor@ g@éi&%gg @h@&mﬁ&%ﬂy
premature device failure. _These inspection processes
ar e pravenansd ssaculard flat andeshin) mad itds fregusnHy nesasears 4o mpge these
conbination with digital electronic conputers that are
pr odevioesia such wey tar svérhainon dewstioarsronnplaaat andrspecular are imaged
measurenents and identifications. .

with adequate contrast. One such class of products are semiconductor wafers which

may be provided with indicia thé;t indicate, among other things, wafer number and
manufacturer. These indicia are defects in the surface of the wafer and are fnypically.a
rﬂatrix of laser etched pits. These indicia are known in the art as "soft marks". It is
necessary to image these marks to read the codes at various steps along the

manufacturing process.

. ‘[0003] After the devices have been singulated (generally cut by Saw into

individual rectangular deviceé), it may be necessary to inspect the edges for small
chips and cracks that mé.y propagate over time and cause premature device failure.
These inspection processes are automated'and use electronic imaging cameras in

c;,ombination‘ With digital electronic computers that are progré.mmed to perform the

necessary inspections, measurements and identifications.

- . [0004] Dark field lighting, in generé.l, is a technique well known to those

skilled in the art and is particulérly useful to inspect defects on specular objects. Thg



[0004] Dark field lighting, in general, is a technique
well known to those skilled in the art and is

w@artiozsBar | y useful to inspect defects on speRCl/ag2004/002284
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definition of dark field lighting is dependant upon

the properties of the illumnnation source, its

position relative to both the object and the observer,

or canera, and on the propertﬁﬁs of the object being
illumnated: In order to neet the definition of dark

field lighting, it is necessary that the mj.ori _——

t helefinitioniof éa:%a"wld hightingnis dependat UPSB;theckrop IF%?ﬁt %% ?L‘Hmn?“"“
in a direction or directions that do not enter the

OptshGRb, iBRskisheelafive lo ot timeaibjert ant theabserver, Qogarera, and on the

"field i1lumnation can be conpared agai nst bright

“field. _.illumnati.oen. : JoPdd 5 @Bfinitién of dark
o 44 L0 SRR e tin o o
reference to.Figure 1, dark field lighting can.

- acHied Gehting, itgs Bedewyry Fet fhegraodty pl e lilﬂz?ﬁnﬁ%w&tlgﬁ%‘eﬁt gn the

poi nting at the object at an angle to the |ine ) :
bet ygest is leflectedrir adiasttion loe dnbitions that Ao sotamigrdhe, pRfiqahaperture of
be greater that the angle over which the object wll

41 3Bl S0 carhbra! 10 BbRGluitfriOn S@NGE edrhared idaime bright field .

reftective nature, en the angle nmust be larger than

| ncillgriatfon s e oy ot SIFEd Ry M i i

pla

object is specular, that is .if the object difLussﬁ ib
oshci dent i||Wﬁt}nmf¢remedo€ngtaeén%ﬁrkﬁ&hb¢@t@g% fagreyyre by
low efficiency or both, then the angle nay be very

S rr"5‘hfa<:in QROBInt kbur® Yudhethsteisisipahitingtad theatbgect higan angle to the line
ilII'um nation source symmetric. In this case the

sou g%@eg% ibcg{nre?agaur{d%é ng?tl ica 4 )g?egﬁéél t8'he SRARR @ the angle over

or a plurality of
sources may be arranged in an annul ar shape. .. T .
o SRt e TRk e BB B et
-obj ect determ ne the range of angles ) _ .
nature, then the angle must be larger than the half-angle over which the object will
distribute incident illuminatioﬁ by diffuse reflection. If the object is specular, that is

" if the object diffuses incident illumination over a small angle or with very low

efficiency or both, then the angle may be very small.

: [0006] L . It may be desirable to make the illumination source symmetric. In this

- case the source may be manufactured in an annular shape and placed coaxial to the
| , dptical axis, or a plurality of sources may be arranged in an annulér shape. The
” ciiaméter of this annulus and its proximity to the object determine the range of angles
' o&ér which the illumination is incident upon the object. Such lights are known to

those skilled in the art as ring lights and are variously configured to be "high angle" .

or "low angle."



over which the illumnation is incident upon the

obj ect. Such lights are known to those skilled in the
W(amt04/a$7386 ng |ight S and are variously confi gurE@r/Uszobeoozzm

“high angle"” or "low angle." WO 2004/ 077336

PCT/ US2004/ 002284 3 [0007] In inmaging certain

objects, it is desirable to highlight very m nor

features .in a surface which is otherw se substantially

pl anar and specul ar. These |nc£ ude soft marks and the

edges of singul ated devices. To achieve this, it |s

‘ necessaryto brlngthelllumntl S
[0008h- axi s wi t hintimagingsrAR Ayt mhs %Slrﬁgg @?\gﬁf ¥“m°r

causing the illun nation source to be directl

r ef fo@GEcRn b BinFadeehich Tsagheryiss\sabstantiaily lanan amc{ specular. These
angl e. The nost effective way to achieve this, as '

S%’E}F 8.‘1% iﬁmg%iés dn (4 ddbe BFSlﬁ%ﬂa@& abatd. e ﬁiﬁféve this, it is

t1cul ar a bet ween t he

|IIumnat|on source, the ob t he, baffl.es

i meicRysaByie e thodyainatien; Jﬂwcsﬁéﬂ?aa b SeEe & ’%?ng system
be seen in comonly assigned U.S. Patent No.

5, T@hob@iBlesnithdut eahsirg thenlhaninatiorsystasito et direetfy reflected into the
Ind| cia on A Substrate (hereinafter-the '122 patent).

0 28PROdhERst efffediiie waytd Achievecthis, as
i's ﬁ%ﬁ#%@qgréag%mgk 122 pasten? 1descaryl bes t hat

th f th ‘
nogaq?r)ééniy qw, {%dﬁl@?ﬁﬁ@ﬁc} g{kﬁf% Sgnd gﬁxéxﬁfng al}%;ﬁnc#gé} Aligment

about the normal to a specul ar object,
nar beiweemgieellullametlfm soufce, ﬁ]@q@lg ectgl bp{fgep,t qngﬁ‘gejmaqgé%system
to the optical axis and are prevented from being

[ oo?kgf ectly i magedimplyméheticaatthis day bbaédn insopinzpdylassigned U.S. -
e imagi ng path to prevent thls The position of the -

baf IesjgI 7#;@@ eleallﬁml gl‘{Sﬁ%rﬁffoxtdjéR @PEﬂ[ma&UA

déred Cep e’ conprom se. In these
h
d es IS%gs?traté (h%rerllr?arftre? thvlearllg|2 Satgr?ts KAl I1ﬁus‘%raklog h% onegemgodlment of the

g-’r-(h.)

‘122 patent is shown at Figure 2. The ‘122 patent describes that the axis of the
camera and the axis of the lightmg module are at complimentary acute angles
symmetric about the normal to a specular object. The narrow-angle dark field lights
are posmoned close to the opt1ca1 axis and are prevented from bemg directly imaged
by the camera by baffles placed in the imaging path to prevent this. The pos1t10n of |
the bafﬂes restricts the field of view of the i imager, but this is considered an
acceptable compromlse In these designs, the narrow angle dark field lighting is

" composed of two opposed banks and has enly one-fold symmetry. ‘When imaging
generally circular pits on wafers that make up the symbology of the lot code or serial

number, this one-fold synnnefry can result in a degraded image.



conposed of two opposed banks and has only one-fold

symmetry. Wien imaging generally circular pits on
wowdoans7shat make up the symbol ogy of the | ot POTESIN4/002284

- serial nunber, this one-fold symmetry can result in a

degraded i mage. WO 2004/ 077336 PCT/ US2004/ 002284 4

SUVMARY OF THE | NVENTI ON [ 0009] The present invention

provi des an inmaging systemfor imaging a defect on a

pl anar specul ar object. The systgmincludes a

telecentric lens having a defined axis and foca

poi nt. The tel ecent rTS MMR&?@FOIF}?EWVE@WIG rovi de an

i mage of the obj ect‘gma'm'a_—ﬂ\_—. sour c"e‘—g :

illumnation'is positjoned to illumnate the object .
[00@91ong t he axi EhepreseRbINVERERIEHPYIdES %ng%qysgng%)éggp@pg a defect

object a telecentric stop which 1includes an aperture -

t heroai aplidan sfeculdr ohject. EFessystenh ificlodest dielepbmtriadens having a defined

specul ar object while allowing |ight reflected from

t he a%%fa%gtfoé'a@ gQﬁlﬁSTﬁ@fe%gﬁhiE 15 3PES et to pRALH %neiglr%ge of the

According.to another aspect of the invention a

splitter is provided su that .t he saurce, of. . .
U1 RIS SFATET Heopiseitt b PSR & ilyminags the object
the telecentric lens. [0011] According to another . i
as pedengohe tkie of thegelecantric loes.alperra speeulaf olj¢rs a telecentric stop which
telecentric stop is positioned proximate to the focal

POi hel@flestdhpbR@aBatni Klodk8 light refl8QdR roACtae pthinabspeoular object
anot her aspect of the invention a rear lens group is

e CAT BV o RTed BT 8% o b8 SELEEInc bR,

i nvention the source of iIIum'nati&r;, conpriﬁjgs a ... . )
[00&0} cul ar gr oufcesrdingte angthermapectphitie imysHIPR 4 OeyRSPlifer is provided
the present.invention will beconme apparent to :

such that the source of illumination may be positioned normal to the axis of the
telecentric lens.

[0011] Accordiﬁg to another aspect of the invention the aperture of the
telecentric stop is positioned proxirhate to the focal point of the telecentric lens.

[0012] ~ According to another aspect of the invention a rear lens group is
provided which focgses the image of the defect onto the camera.

- [0013] | According tyojanother asbecf of the iﬁireﬁtion the soufce' of illumination
comp;'ises a circular gfoup of LEDs.

[0014] Other apﬁlicationsi of the present invention_will bécome apparent to -

those skilled in the art when the foliowirig description of the best mode contemplated

for practicing the invention is read in conjunction with the accompanying drawings.



those skilled in the art when the foll ow ng

description of the best node contenplated for
w@e@anisBeg the invention is read i n conjunctiPCT/WE1004/002284

t he acconpanyi ng draw ngs. WO 2004/ 077336

PCT/ US2004/ 002284 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0015] The description herein nakes reference to the

acconmpanyi ng drawi ngs wherein |l.ike reference nunerals

refer to |like parts throughout the several views, and
wherein: [0016] Figure.l is a generic representation
illustrating the concept of dar | i L L hat i on;
[0017] Figure 2 BRIEHD v £ ‘E AWINGS :
i I'lum nation systemincluding baffles; [0018] Figure .
[001§} i s a parti ghbYegiiption herbin males refetepcstoche eerpmpanying drawings
‘ diagramillustrating a - first preferred enbodinent in
accord with the | LS 100 tGHE Sevéral Siews, and
an PRTEELRh e SRl RIGR LRTpart ISHEhoaNE Sl Sicy
mark; [0020] Figure 5 is a plan view of a |ight
souwberet8ed in accord with the present invention; and
[0021] Figure 6 is a partially pictorial, partially

[001%gCti onal di Fggaentiis h gererigtreprgseatation dlwriraing therqogerpt of dark field
effbodi nent in accord with the present invention.

DET?W #HSCRI PTI ON OF THE PREFERRED EMBODI MENTS

100 e present invention addresses the requirenent.

" to illurinate,andform. an ima £ kBARYdtYm includi
[00%ilanar and s&é@WFgrlsgﬁ?ql’ﬁggu%%ﬁaé) oartaartﬁ Hggg@ﬁeg? ?onrg1 felncing
‘ fromplanarity or specularity of the object being
| mageffleay e reproduced with ‘

[6018] Figure 3 is a partially pictorial, partially sectional diagram illustrating é
first preferred embodiment in accord with the present invenvtion;‘
[0019] Figure 4 is an illustration of a silicon wafer including a soft mark;
- [0020] - Figure 5 is a plan view of a light source gsed in accord with the present
| " invention; ana
[0021] | Figure 6 is a partially pictorial, pﬁrtially secﬁonal diagram illustrating a
| second preferred embodiment in accord with the present ipvention.

DETAII FD DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The present invention addresses the requirement to illurpinate and form
an image of a predominantly planar and specular surface such that the deviations
from planarity or specularity of the object being imaged are\reproduced witﬁ
enhanced contrast. The Iembodiments of the present invention, as described below,
utilize ételecentric lens to illuminate objec’Fs w1th symmetric coaxial narrow angle
dark field illumination. This illﬁmination technique is iaarticularly suited to

highlighting minor features or defects on planar specular objects. Specific examples



enhanced contrast. The enbodi nents of the present
i nvention, as described below, wutilize a telecentric
WO 2003/0t7336 | | um nate objects with symretric coaRCEIUS2004/002284
narrow-angle dark field illumnation. This
“illumnation technique is particularly suited to
““hi ghli-ghting minor features or defects on planar
specul-ar objects. Specific exanples WO 2004/ 077336 .
PCT/ US2004/ 002284 6 of such ob%ects i nclude silicon
wafers while the defects may include soft nark
synbol s _on_ sil.ico fers nd/o
- on ehsyshebigets inene con EB]WI?JF %s?lrfes{r aﬁr“dé ‘ff?mark
~source provides annul ar cones of é£s tomard a
t el saabels ba slizos walire abd/beaizn unmg:ﬂarem opehip selegleyises.
light rays toward a substantially planar specul ar

[OOﬁﬁJ ect such tijab i ailgh Esdh?déspréﬁﬂespﬁﬁﬁldr@bne%mfhght rays toward
rmal to the bject. A property of the planar

specular obj ect h
condl %l &enf oﬁ"ﬁe {ege F‘ﬁ&‘f’gﬂé’ﬁ {edél% {s ifd hgﬁ}t %ﬁb@ard a substantially
~ normal to the surface-of the object. Upon reflect
't he planghspecalps objeet suol thatithe magterarfw@ pataiisl err;a@%malavsthe object. A

R Wl be retroreflected froma substantially planar

S peg%eﬁhy%tﬁéﬁlaﬁﬁ@pé&ﬂe&r&jﬁcylstw sefbolighdt amamglgbomplementary to
tel ntr l'ens to the point at which they

O | GhaL et 05 SYBEEMRERH AR S hBLEEATKE el Wpon efcstion

ure coi'ncident_wth
‘ source such t hat subst anti al |
.t hr dgjlightaays argseingd lmpese%% f/frefmiaﬁ% aasiveﬁi’ea%resﬂeﬁtend from a
. the specul ar surface, the Irght w || be disturbed
and substhutiAlyghati epdcabir objentangd onversely transforaned;thioughhihe telecentric
pass through the aperture of the telecentric stop and

ontq_g t%acﬂﬁ S'int LODR m \éé:ytoﬁll olrfear %E%yét@mtﬂi‘@vﬁeﬂlﬂeﬁc&nnc stop,

t heré wn a parti prctorra partially

|S ﬁ;g\;vrzg glgegtfaj ,e{)grgnlgg fcp{p@@@ ﬁ? %qr%lgcge Qh ltl%a? 'substantlally no light

invention. Figure 3 ill ustrat es pl anar Obj ect 10
Pl angssesiiheoih 102 camera. However, if there is a defect in the specular surface, the

Tlight will be disturbed and it is probable that some portion of the light will pass
through the aperture of the telecentric stop end onto a camera.
[0024j . | With reference to the Figure 3 there is shown a partially pictorial,.
| parriarly sectional diaghr.am.of the first preferred optieal imeging sﬁrsrem 100 in acc‘ord' '
‘with the present invention. Figure 3 illustrates a planar object 102. Planar object 102
rs preferably a silicon wafer 104 which is illustrated in more detail in Figme 4.
Silicon wafer 104 is specular in nature. Silicon wafer 104 typically includes defects
vsuch as a soft mark 105. Soft mark 105 is made up of a collection of laser etched pits
and provide information regarding silicon Awafer 104. Silicon wafer 104 also includes
a plurahty of sermconductor devices 106 While the present invention is described in.

terms of 1nspect1ng silicon wafer 104 and in partlcular nnagmg soft mark 105 it is



is preferably a silicon wafer 104 which is illustrated
in nore detail in Figure 4. Silicon wafer 104 is
wap@aarase i n nature. Silicon wafer 104 typi cal PGT/US2004/002284
includes defects such as a soft mark 105. Soft nark
105 is nade up of a collection of laser etched pits
and provide information regarding silicon wafer 104.
Silicon wafer 104 also includes a plurality-of
sem conductor devices 106. \Wileg the present i nventi on
gﬁddescrlbed in terns of inspecting silicon wafer 104
in particular inmaging,.soft r L4 .S s WD
 Soomdreakihach? esstnar6osseats FRAl aseliy) B ifking other plaar
. present invention has equal applicability to, i [
ot hetsjeqis.aRar exaniple ethsn sgmicoedcggqﬂ deviog é@g %fé%i%%gg@f may be
devi ces 106 are singul ated; they may be .inspected for

‘edg Wth continued f
- gﬁfg&g,%%di@&%@ts- r reference to

. He optical i magi ng system 100 includes a pair
o ens groups..coi ne I "ale BY- N
o [002(5% ecentric Bﬁgﬁ801{1]“5?1153ief%%{l?egtéggg%ri%\%gqp?lpgﬁggglgﬁggm 100
: of appropriate |lenses for both rear lens gro 1
L el aburies npariolans lEEnps $3i0ed 3 e EEHD K8 R tHReeringe, A7t tens 110
‘lens group 108 and telecentric field |Iensl11l0 operate

t Og%sB@dftivfegr. dbieshir@bilappopridtd Jemes Robbthemetr leabgroup 408 and
camera 200 as will be described in greater detail

,bel w. . Canes WS- . I8l r . .
S Wy SR
o ou i s define y a collection of correcte

Qb e eest o gaasen i kst Sk el 2 SO BAN Ui @ camere
- Rear lens group 108 is preferably lowin distortjon

and 2083s sl bi desnibed asgrbatemdgtaibbriowt & assnp?dhispreferably a digital
-canera 200. It is wunderstood that rear |ens group 108

MY Hfefll hEREER' CEDREMOSARINERL type of canmera
[0026] Rear lens group 108 is defined by a collection of corrected objective

lenses and includes an entranée pupii 109. Rear lens gfoup 108 is preferably low in
distortioﬁ and has sﬁfﬁcient resolving power to complerhent camera 200. Itis
understood that rear lens group 108 may be different depending upon what type of
camera 200 is used.

S [0027] | B Itis Vu’nc.lerst;)od that telecentﬁc ﬁeld leﬁs 110 épérateé as a telecentric ' ,‘
field lens to render the ﬁnaging of the object telecéhtric along the plane of object 102.
Put another way, light rays are parallel to one another as they exit telecentric lens 110
and are préferably normal to the plane of object 102. When illuminated by a light
source 118 itis uﬁderstood that telecentric lens 110 and lens group 103 o;;eréte to
form an imége 113 at camera 200. Telecentric lens 110 has a number of defining

characteristics including an axis 111 and a telecentric aperture or focal point 112. As

illustrated in Figuré 3 focal point 112 of telecentric field lens 110 is coincident with



[0027] It is understood that telecentric field |lens
110 operates as a telecentric field lens to render

wo b@4iomsgé ng of the object telecentric al ong tPET/phzn€002284

of object 102. Put another way, light rays are
parallel to one another as they exit telecentric |lens
110 and are preferably nornmal to the plane of object
102. When illum nated by a light source 118 it is
understood that telecentric leng 110 and | ens group
108 operate to forman inage 113 at canera 200.

: lﬁ Lﬁ%g%?xt%qt il)lgﬁli ﬁ@s f#%%d%}asf%g%n )8 1 g ]! i?ﬁé%ﬁlésfiﬁe optical axis for

tel ecentric aperture.or focal point .. .
i | | systerai @isuch tirt gear dens 108 ead cwrmarelwﬂaﬂy petitiprsdralong axis

field lens 110 is coincident with WD 2004/ 077336

PCT{1452004/ 002284 8 entrance pupil 109 of rear |ens
group 108. Axis 111 defines the optical axis for

[0023 Sr’nt legnr 1130 pg G h'.llé%i%atirdﬁ g{)]léxjcg )rl(' If% %soa?ioaﬂgf%lgtg.eﬁlﬁzﬁﬁﬁ&ion source 118

[002

illum nation source 118 is also .pro IIIu tion
souisqesitipged fospraBidP NAGOW dngls 1@?18% afluq(ﬂ‘dﬁ Fovial g giteihe aRiS 111 of
l'ighting which is coaxial with the axis 111 of :

t el peqBhiriccfidd Ringl1 | @nBigik® ilfsgateethd firstipreferred pesitidning of light
first preferred positioning of light source 118

P hy§6lﬁ 5 d}’%él#}g{bqll?ﬁloﬁg 11%1% 114t 1618 uHAIRH6d, R4 as addriBed below, that

descCril I ght source 118 can be

ggts hlgfaqoqréglgcegg lsclgg gﬁ{Sl“g}r{aﬁ&iys %lgy]za)“oi\ frglfneaé(e nltai:i n an optlcally

stop 116 is positioned between rear |ens group 108 and
t el eqeintlentménrer.d | ens 110 and is centered on axis 111
of telecentric field Iens 110. Telecentric stop 116

pr ef er abl ya pliaeadictspi 16k posifibhic et gunichr 1809grofip 108 and
rear lens group 108. Telecentric stop 116 is

P efte g(?e?ll ¢ flell tfé/ l‘ialanc? R c'e%%lreds(gno&lé’\m 8 tlel%%dﬂﬁl@ﬁeld lens 110.
Telecentric stop 116 is preferably placed proximate entrance pupil 109 of rear lens
group 108. Telecéntric stop 116 is preferably a physicai optical stop which includes
a central aperture 117. Aperture 117 is also positioned proximate to the focal point

- 112 of telecentric lens 110.

{003(5]  '. AThe prefeﬁed iilumination sourte is illustrated in Figure 5. With

reference to Figure 5 there is shown an annular light source utilizing a plurality of
LEDs 120 mounted to a printed circuit board 121. It is understood that printed
circuit board 121 may function as the telecentric stop 116. Printed éircuit board 121
includes an aperture 121A which is at least as large as aperture 117 of telecentric stob
-116. In the event that an iris diaphragm aperture is used together with telecentric
stop 116, aperture 121A must be as large as the largest aperture setting available. As

shown LEDs 120 are organized into an inner circular group 119A and an outer



a central aperture 117. Aperture 117 is al so
positioned proximate to the focal point 112 of
W ed0goeT386 i ¢ | ens 110. [0030]. . The pref err edPCT/US2004/002284
~illumnation source is illustrated in Figure 5.. Wth
reference to Figure 5 there is shown an annul ar |ight
source utilizing a plurality of LEDs 120 nounted to a
printed circuit board 121. It is understood that
printed circuit board 121 may function as the
telecentric stop 116. Printed ci Pcuit board 121
includes ‘an aperture 121A which is at least as large
as - apicsuarrgrounl V198, It & wrderstadddhattinger gtci®. 110A drdeoutaramoup 119B
that an iris diaphragm aperture is used together wth

‘tel epRRide ightsy 8felch? nadi\ ahale ﬁgﬁgﬂg"\)g%b?%ct qg%.aﬁlsnﬁgémxﬁﬁouter groups

as the largest” aperture setting avail

LEDs re organized into i nner. ci.rcul ar, gro

Tronl i RBTRER WEDant Beslattinem albtus dstosiie won the
“circular_ group 119B. It is understood that inner group
C 11 osudditigs efieliectd0duft is undmstopd additienad birgiard groups of LEDs could be
di fferent narrow angle lighting of object 102. |nner .
and .prefviledgr oups 11 9A, 11 9B may be il | umnated
together or in the alternate, depending upon the .

lities of ' .1 ' i.fional.
0BTl ar  gr oupdesr iy ofehs s ThE bRROEA s Bty
“+ The sensitivity of the systemto the type of defect is
pri nestprmingd b)ﬂékﬁ‘ép?ﬁl watlp Prpwesndeleseniric jegs il 40 ped theshameter of the
- telecentric lens 110 and the dianeter of the |ight
sour light sbhweepThs eresentiivesntion provides iadesy ta adayt this sedjitisity. In
thi's sensitivity. In particular, the different

gieangérﬁeaaeftheame}eﬁ{ di{aig/n%%ﬁse HhGRs li%ﬂt%Auﬁ:@Ql ol 9 I3 may be

sed or alternate aneter of aperture 1
. of tel [ t 116 b ' A ' 117
ony' ST S Rt absnd T SRS s o

‘ adjusted. Aperture 117 may be adjustable through the use of an iris diaphragm

the;eby providiﬁg an adjustable focal ratio for the system.
[0032j | | Figure 6' illustrates a secénd preferred embodiment which is optically
| - equivalent to the embodiment shown in Figure 3. As illustrated in Figure 6, the
second breferred embodiment inc';ludes a:partially reflective mirror of beam‘splittekr
1‘3'2 positioned along axis 111 of telecéﬁtric field lens 110. Beam splittér 132 allows
~ light source 118' to be positioned normal to axis 111 of telecéntric field lens 110. Ini
the second preferred tembodimevnt light source 1 18 is positioned at an optically
equivaient,location to thg.t of telecentric stop 116.
‘ [063 3] A' With reference again t6 Figure 3 light source 118 causes 4light. rays 128
énd 130 to project toward telecentric field lens 110 such that rays 128 and 130 are
3 focuséd proximate to objectV102 and are substantiaﬂy parallel. It is understood that

. ’{ light rays 128 aﬁd 130 are pfojected as annular cones which become parallel as they



t hereby providing an adjustable focal ratio for the

system [0032] Figure 6 illustrates a second preferred
weredvaiTent which is optically equival ent to PEEUS2004/002284
enbodi nent shown in Figure 3. As illustrated in Figure

6, the second preferred enbodi nent includes a
partially reflective mrror or beamsplitter 132
positioned along axis ill of telecentric field |ens
- .110. Beamsplitter 132 allows |jght source 118 to be
positioned normal to axis 111 of el ecentric field
* lens 110. In the second preferred enbodinent |ight
- sourpsss thrguglstelsogrittic tmed 16t Light wgysiavsateflypcted fromvetjenh i 02 as image
-l ocation to that of telecentric stop 116. [0033] Wth

T ef efopnaR agRiM, 194 KAWE 13 thé GWint #AKGER rdyS] BAUHES0 reflect from
light rays 128 and 130 to project toward tel ecentric

-~ field. lens 110 sueh, .t rays, 128.and 130, ar oGuUsSe
 or o esE ey BoRiaR 3F Poibioz s ARRiRE TP 120 WAHEL
.parallel. It is understood that 1ight rays 128 and
130 tglesergripistoptldf and nafenigrdenscgzner 106 bipaséadaramage rays 122 and
. paral l.el as they WD 2004/077336 PCT/ US2004/002284 10

pass126willigretro refepddr frém lagnbstdrtlly lpl glat a kpacalag k@ face to create
reflected fromobject 102 as image form ng rays 122,

I A 4 oS g o i

- formng rays 122 and 126 will strike telecentric sto )
116 EEeH SOV ER VheR thfgr%b%@g{/oru 13 0a¢ retleq éifm%a%’fgct image
~rays 122 and 126 will be retro reflected froma
" subsfoamingalayy 124 wilhpasa tlepeghudpertusul faindeleeentnesior 1 16, be focused
. annular cones of illumnation which will return to

thei B¥ RAs gﬁo@floe,raﬁai forrdan ?mﬂ%é 11 at chREEIOOOVRVer

when 1ight rays 128 and/or 130 are reflected froma

BT T R P Pt bR Bipure 6 e
- lens group 108, and forman inmage - 113 at canera 200.
system operates in a manner equivalent to that above described save for the beam
- splitter 132. In particular, beam splitter 132 functions to reduce the intensity of light
~ which may ultimately pass through,éperture 117 of telecentric stop 116.
[0035] ~ The present invention has significant advantages'over the prior art.
| ' .Nar-nely,'the angle between the optical axis and the nérrow angle dark field lighting
.‘ can be a.rBitrarily émall to.;the point of becorﬁirig bright field lighting if deSired. i
- Further the sensitivity,of the system can be adjusted as above described by selecting
A different diametéf of lighting or by adjusting the aperture of the telecentric stop. ‘:
' Further, the full field of view of the camera can be used because the System
. eliminates bafﬁes which were réquired in the prior art. The system also provides full
o | ;:ircﬁlar symmetry over the entire field of view.

[0036] o ) . While the invention has been described in connection with what is

= 'pfeséntly considered to be the most practical and preferred embodiment, it is to be



[0034] Wth reference to the second preferred

enbodi nent in Figure 6, the systemoperates in a
worwaer73equi val ent to that above descri bed saveCT/OR20041602284
. beam splitter 132. In particular, beamsplitter 132
functions to reduce the intensity of light which may
ultimately pass through aperture 117 of telecentric

stop 116. [0035] The present invention has significant

advant ages over the prior art. mely, the angle
betmeen t he optlcal axis and the arrom1ang|e dark
field %htl can be arbitrarily.small to the

- of b PRfL thet the invenBeryis nogka belymijted @e@f-‘ deselosedzﬁpb%ments but,
the sensitivity of the system can be adjusted as above :
descon tiedcohfrargeiséntehd@ todoéreaeiots shodifithisnseindlelqaivhieng
or by adjusting the aperture of the telecentric ‘stop.

Furt Ehgﬁnbgeﬁ{%ﬁtsflﬁélﬁdefd' Witttn 9 éﬁlﬁﬁ’\én‘a.fsc&%q%ﬁﬁggﬁl%ﬁa@cﬂcl%s which

used ause the system |n1nates

required.in The stem'al so provides
f ul |- SCOPF iXt) b&@%ﬂi}ﬁ?ﬁﬁtﬁf%ﬁsﬂ IERERIALGT 30 49 18| PHORIDAS Bl such

[[0036] While the invention has been described in

connewtlifivativstandwiqaivalest stprcbgendd iy peroritediendsd theolabye

the nost practical and preferred enbodinment, it is to

be WO 2004/ 077336 PCT/ US2004/ 002284 11 understood

that the invention is not to be limted to the

di scl osed enbodi nents but, on the contrary, is

i ntended to cover various nodifications and equi val ent

arrangenents included within the spirit and scope of

t he appended cl ains, which scope is to be accorded

t he broadest interpretation so as to enconpass al

such nodifications and equival ent structures as is

permtted under the law. WO 2004/ 077336

PCT/ US2004/ 002284 12



What is clained is: 1. An imaging systemfor inmaging a
defect on a planar specul ar object conprising: a

wo 208027386 i ¢ | ens having a defined axis and f oREl/US2004/002284
point, the telecentric |ens operative to provide an
i mage of the object to a canera; a source of

. illumnaton positioned to illum nate the object al ong
.the axis of the telecentric lens; and a telecentrio
‘stop including an aperture therein positioned to bl ock
light reflected fromthe planarllspecul ar object while
allowing light reflected fromthe. defect to pass
t hr oWt iskefaimpélis:ure. 2. An inmaging systemas in claim
1 wherein the defect is a soft mark. 3. An imaging
systemas in gl am1, j:Si .
group havi ng g'n enlt r %‘?@g’%ﬁ%} @9%@%@% g%g%cﬁcgf%%ﬁ&fsﬁgcular object
telecentric stop and the canera. 4. An inmaging system
as i fPRIPEIHE 3 wherein the focal point of the
telecentric lens is coincident wth the entrance pupil .
of 't he secondaltdesengioleps hdvingmdefiredianiy andSoeanpait,ithe telecentric -
claim4 wherein the source of illumnation conprises
at' | RASbpARNOBIELAU ¥y fhider e SO R, BLadufal NOUS
el ements. WO 2004/ 077336 PCT/US2004/002284 13 6. An
I magi ng system:as.in ai.m5 wherein the telecentr.ic :
Ston 19 Tt oPataop el BOEeh b e iBe pbisft along the
|l um nous el enents. 7. An inmaging systemas in claim4
wher &§inof the tedegentréc lens;iand uni nat i on

a telecentric stop including an aperture therein positioned to block light
reflected from the planar specular object while allowing light reflected from the-

defect to pass through the aperture.
2. Animaging system as in claim 1 wherein the defect is a soft mark.

3. An imaging system as in claim 1 further comprising a second lens
group having an entrance pupil positioned between the telecentric stop and the

- camera.

4. Animaging system as in claim 3 wherein the focal point of the

" telecentric lens is coincident with the entrance pupil of the second lens group.

s An imaging system as in claim 4 wherein the source of illumination

comprises at least one generally circular group of luminous elements.



includes a plurality of concentric generally circul ar
groups of [um nous el ements. 8. An imaging system as
WO pooglozisse 1 further conprising an iris di aphrBgnUs2004/002284
-aperture positioned in the aperture of the telecentric
‘'stop whereby the focal point of the telecentric |ens
is adjustable. 9. An imaging systemfor imaging a
defect on a planar specul ar object conprising: a
tel.ecentric |l ens positioned proximte to the object,
the telecentric lens having a d2fined axis and foca
- point, the telecentric I ens operative to provide an
i mge of the @bAgehagiag systames i clainb® aessi thistt€lecentric stop is in
posi tioned along the axis of the telecentric lens; a

- sould fo%F B{Qnﬁéﬂn ty [E} ARt AP Qll%hf% nbs AGheRt. to t he

axis o v ecentri-c posifioned to direct

a plurality of light rays tomard the beam splitter to

il'lum nate the object along the axis of the

telecentric lens; and; a telecentric stop including an-
aperture thergi An iﬂnbgfng eystarp @b ini claist 6 whepris theisomred of illumination
along the axis of the telecentric lens to block Iight

- refligghed 4 Eﬁl ?}h?flcoﬁl: éﬁf‘a‘fl | ScuBPERfbs WiiukBnous elements. |

al'l ow ng 1 ect on1t e defect to pass

- through t he aperture. V\D 2004/ 077336 '

- .PCT/ US2004/ 002284 14 10. An inmmging systemas in

claim9 wherein the defect is a soft mark. 11. An

i-magi ng syst e8n As iinagink aysierd af i ¢lhion 1 Senther icoinpysing an iris
second |l ens group having an entrance pupil positioned

bet Vigfihrddi€ ap@hs Boitibried$h G ApBHuieE the@IBRérmric stop whereby the

focal point of the telecentric lens is adjustable.

9. An imaging system for imaging a defect on a planar specula? object
) comprising:
| a telecentric lens positioned proximate to the object; the telecentric lens
| having a defined axis and focal point, the telecentric lens operative to provide an
: ‘image of the object to a' camera; |
a beam splitter positioned aloﬁg the axis of the fei‘ecentric leﬁs; :
a source of illuminaﬁon positioned to normal to the éxis of the
telecentric lens and positioned to direct a plurality of light rays toward the beam
: splitter to illuminate the object along the axis of the telecentric lens; and;
a telecentric stop including an aperture there;in, the telecentric stop
" positioned along‘the axis of the telecenﬁc lens to block light reflected frém thé
planar specular object while allowing light reflected from the defect to pass through

3 - the aperture.



W

12. An imaging systemas in claim21l wherein the focal
point of the telecentric lens is coincident wwth the

@ndmanses pupi | of the second | ens group. 13. PEOT/US2004/002284
.imaging systemas in claim9 wherein the source of

illum nation conprises at |east one generally circular

Ny group of lum nous elenents. 14. An inmagi hg system as

i-n- claim13 wherein the telecentric-stop is in close

proximty to the circular group of |um nous el enents.

'15.. An i magi ng systemas in cl ail("ﬂ\ 11 wherein the
source of illumination includes a plurality of

concentric geh@r Anlipagingsystem agimelpim Siwherein teudsefect is a soft mark.

el enents. 16. An inmaging systemas in claim9 further

-.conprising an iris diaphragm aperture. positioned in

the aperture of the telecentric stop whereby the
focal ratio of;tRg &b Re0ikh %s i Bhirh § A% HhARkSing a second lens

group having an entrance pupil positioned between the telecentric stop and the

' camera.

12. An imaging system as in claim 11 wherein the focal point of the

telecentric lens is coincident with the entrance pupil of the second lens group.

13. An imaging system as in claim 9 wherein the source of

-illumination comprises at least one generally circular group of luminous elements.

14. An imaging éystem as in claim 13 wherein the telecentric stop is in

close proximity to the circular group of luminous elements.

15. An imaging system as in claim 1 1 wherein the source of
illumination inéludes a piurality of concentric generally circular groups of luminous

elements.

16. An imaging system as in claim 9 further comprising an iris
diaphragm aperture positioned in the aperture of the telecentric stop whereby the

_ focal ratio of the telecentric lens is adjustable.



