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[0004] Dark field lighting, in general, is a technique well known to those skilled in
the art and is particularly useful to inspect defects on specular objects. The
definition of dark field lighting is dependent upon the properties of the illumination
source, its position relative to both the object and the observer, or camera, and on
the properties of the object being illuminated. In order to meet the definition of dark
field lighting, it is necessary that the majority of the illumination incident on the object
is reflected in a direction or directions that do not enter the optical aperture of the
observer or camera. Dark field illumination can be compared against bright field

illumination where the majority of light is reflected directly into the camera.
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illumnation where the majority of light is reflected

directly into the canera.[0005] Dark field |ighting
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the system demands less light from an illumination system. If the illumination system
demands less light, less demand is placed on a power supply system and less heat
is dissipated. Heat dissipation is generally a major hurdle in achieving a design
objective of achieving compact packaging.

[0009] Conversely, if the system aperture is made small, the limiting resolution of

the system is reduced, some aberrations are reduced, a depth of focus is increased,
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obj ective of achieving conpact packagi ng. [0009]
Conversely, if the systemaperture is made small, the
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[0012] Moreover, with existing systems, process variations that cause a change
in working distance of approximately 1 mm generally require user intervention to
either adjust the process to re-achieve the previous working distance or to adjust the
focus of the wafer ID system, for example, by turning a lens-focus barrel or turning a

focus-adjustment screw. It would be preferable if minor process variations that



i n working distance of approximtely 1 nm generally
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angle of incidence as a first measurement. The method also includes adjusting the
angle of incidence between the TOAD lighting device and the object plane in an
opposite direction as compared to the first direction until the area of intense
brightness is substantially removed from a second side of the image of the specular
surface, and recording the readjusted angle of incidence as a second measurement.

The method further includes determining an aligned angle of incidence for the first



angl e of incidence between the TOAD |ighting device
and the object plane in an opposite direction as
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[0024] FIG. 6 is a flowchart illustrating a process for aligning telecentric on-axis

darkfield (TOAD) lighting arrays according to one embodiment.
[0025] FIGS. 7A and 7B illustrate photographs of a mirror captured on a reader
unit according to one embodiment.

Detailed Description of Preferred Embodiments

[0026] Systems and methods are provided for illuminating and forming an image
of a predominantly planar and specular surface such that deviations from planarity or
specularity of the surface being imaged are reproduced with enhanced contrast.

According to one embodiment, an increased working distance range is provided to



unit according to one enbodi nent. Detail ed Description
of Preferred Enbodi nents [0026] Systens and net hods
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[0030] Lrhe system provides a telecentric stop, with a central aperture coincident

with the light source such that substantially no light passes through to a camera.
However, if there is a defect in the specular surface, the light will be disturbed and it
is probable that some portion of the light will pass through the aperture of the
telecentric stop and onto a camera.

[0031] Reference is now made to the figures in which like reference numerals
refer to like elements. For clarity, the first digit of a reference numeral indicates the
figure number in which the corresponding element is first used. In the following

description, numerous specific details are provided for a thorough understanding of
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with the |light source such that substantially no |ight
passes through to a canera. However, if there is a
wa@ledoeoos7#n t he specul ar surface, the |ight w |PCDES2006/026649
di sturbed and it is probable that sone portion of the
light wll pass through the aperture of the
the drabediaeints distlozedamereimt bloaveweneuhase[s(kﬁ]léﬁ] inRbEeart ngle recognize

now nade to the figure i k f
that (i mPRPdmIETS ot ba pRbtereHiRll o or Eltte of 476 SRESic detals, or
with E)He?rtmgih%'dts QBrIn?ohéﬁf%r SR GRatBHAR! aFuiiel GREEMe! Efses, well-known

I gure nunb i ch the correspondi ng el ement s
structinest matexials] ar pperations ake mptddown pr describashisy detail in order to
ific details ﬁ%e pr.o t hor ou

avoid RSkt Bhng Y oS eRsinenis ErBapdBeR Bl described features

strudti@eBY eF , cHarasteristids! hfe@i' b8 ddmbiael W ahy saRagei Z@anhBAtn one or
t he enbodi nents can bé practiced without one or nore

morexemprginegrsi fi c details, or with other methods,
[0033f "PAVRf 1D Yy T ?Jaé‘éc?rbeﬁ%tl,}"%f Patdht 3, 579,839 (hereinafter,

UCt ures; nateri a or oper at't ons

“the rgwg [satomtt). OCedamoesmbedfméntsldmubsem hereiremdctvfyathel @49 patent to
scuring aspects, of the enbodi Furt her noy e

mcluaesemltwé@l fesviesdbat gieatlyexpagd a %58 a@%?évnai?fyctgnﬁﬁ@ﬁs) the
wordi SRECRRANGR 58140 CAMEAROR ol ABSRialfg rysical o

opticdl &djuBahents vl that Smmlm,tléh:émmngltmmm@mﬁcambe of ﬂm)system For
ateng' Certai.n enb d herej n nodi
purpBes Sbdbcysriate B8 e AU S SEharten: A shduf AR dscussed
as Fﬁtﬁsamgnaxr@nsreﬁﬁ BspeSveRppr oxi matel y ten tines) the
wor k |nLé di st ance range for a fixed configuration

[0033] t h&UE. hadeepartialiyngcishipsinaatialtyrsegtionakdiagegnaof asrapdical

a8 st TSR o PSPl EhRTaE Eohagac i oz ey
comphige, f9ixdraprRnNt sillcdnshafen tisdtds dpsculaspchatard:| Sicod vafers
and 1B herein, respectively 0033% FIG 1A is a

gengsally inglydg %@f@ts@rwh aeparspftmr sdpet shan)- disaigriavet indhe art, a
soft %;K i\sﬁqe gﬁgingl‘r?a I?éc%ghjloggage?retéﬁw itYafd Plr@\ﬁ@és 9#+ﬁﬁétlon

ob) ect conp I'se, for exanple,
regagding lai pmtlcu\laf e'lhccbﬂn alafersorsmﬁmh iais etchadt GilEonSvafecoalso

geng Al rehiig P ?{vb?%'ﬁﬁﬂfpnoﬁfc? dleyiees JRBYS e predart Sisclosure
is de@%ﬁ@e&‘iﬁ f@‘rrrfé SFohd Rt g%ll&fonhﬁﬁﬁfs 8h& hﬁ%a‘?ﬁ&ﬁaﬁﬂﬂagmg soft

provides I nformation fegarding a particular silicon
markeafitds uadeustioad that the peessiné discBisuire bas watiel apgllcability to imaging
eral i nclude a ity of sem.conductor
otneiEReEsbiai Eof reampics LR araliucr B i propapaplated they
may (R fBp&étet ERERAMd b Séitaif &MbEdisichtaamclosBd PRiéindul 8dge
i magi ng soft marks, it is understood that the present

defegisscl osure has equal applicability to inaging other
[003%1\” ? g %t@%iﬁﬂ%ggﬁgts%@w §O SWBWP] .ﬁ%CQROIH&h%s a pair of lens

groups referred to herein as a rear group 108 and a telecentric field lens 110. One
source of appropriate lenses for both rear lens group 108 and telecentric field lens
110 is Edmund Optics Inc. of Barrington, New Jersey. The rear lens group 108 and
the telecentric field lens 110 operate together to direct to a camera 114 an image
113 of a defect such as a softmark, as will be described in greater detail below. The
camera 114 is preferably a digital camera including a charge coupled device (CCD)

or a complementary metal-oxide semiconductor (CMOS) type sensor.
7



may be inspected according to certain enbodi nents
di scl osed herein for edge defects. [0034] The opti cal
w0 pgiosg4syst em 100 shown in FIG 1A incl udes BCPHB20066026649
| ens groups referred to herein as a rear group 108 and
a telecentric field |l ens 110. One source of
[0038Dppr Tieirebeldnergreap 08 ibakfined by d esllectonop cd@8cddbjective

ereL LSS Mo e SEbbb: SRR 5530 05 el
low lgtb‘?stbﬁlo‘?lcﬁm h&§ stlffi%‘ r§§b?v1ﬁé%omrté‘bén{pq’&ﬁéhﬂrhet&mera 114,

irect to a canera an | of a defect such
It is asderstooidttiat the rear hnsl gﬂoepd@@dnab@@ dlﬁer@nédepen@ieg aipon what

typeidf catifrg 14 'S arge Aot eied o fidhs SgbbfmER M dosed
herefDThé PEBRNEAS Yol 808 axtdre sa8t&ne *ﬁétopléné @W@@retea@a
sensor. [ 0035] The rear lens group 108 is defined by a

independentty well @err@@tedé@t e@er@aﬁmsuﬂé\ thaheibheramne ¢aitbaderlaced

| ens group 108 is
with nte%ef ‘%ﬁ%ﬁ?g&ﬁ é {ﬁ%o#]tﬁ%:]d has sufficient
[0036§s Ollvis nghdeesteod tlﬁatQhénéleU@mthctfh&i I@@mﬂﬂ@ dpleflfatelst ad & telecentric
understood that the rear |ens group, 1l

field deng t@r@m@ea&@mm@g ape oiget telgrensic %lane?flae plens; of the object
1ozU§%ﬁan@meg 2§|a?¥"8afeﬂlje_8g)ean 4 ﬁﬁih’é?% AL P eLipaRA

‘herern e telecentric
teledenmmllelnerﬂsmldjm areapMerlabimukadeieihé planel df thelobmﬁt é62. When

o 5 sy The DB wlerhBoa et PRoRRaFR 1858 dap and
the Ikhs gPot 468 %b@ﬁﬂett&‘%rn’ﬁ B i ’hﬂi%%cﬁm bt mé¢aehélrd g A8

operates as a telecentric fi l ens to render the
teledandrig legpsdif1Q hes atmusthertafidefaimgreharacterigtiesiaciyidingapaxis 111

and g 1E1e8phfie apedfise Sopdl ol ARYusilaBlim ERES1 At fopal point of
the teRitenkitOficia tery ¢1@IEsinaibbt \mmﬁ el ehﬂarﬁdf@p@ﬂ)lamQQ of tHdar lens
ob4 ect 102. When il |l um nat ed a light source 118

groups QfrdEhe exisd! 11h@@flrter$ethteéwé@aha>ﬂ$ éon %/ﬁéerm 1§ 0ssh that t'he rear

o Syl b P B2 AL Bty gts Bt 11
[0037%f i Miheglightavandeet 1& i posiiorddiid prgvigle reerrev Ahdledightiag that is
coaxalesity e #His Tcuthg SReeric ikl eap ddbntife 18 UisiFatgngne
posnﬁ&ﬂnb%f G ﬁ%tﬂ%ﬂltr%ésww} I@%ICEW é%@?g?%é 11P9H8lvelBE as

rear-lens ¢ axi s ines the optical
disclmsed irfi the ‘Oddtpateni0t is uotersbend thad thee bghtl soniscel 088 &ad be

e R P R WA
For Qkélﬁbléeﬂgafé ©\of atiogol a8kt MastrBRls 4 giffepant p’ﬂsm/Mnt dsr thBgight
axis 111 of the telecentric field |lens 110.

source|1d§tthat ssopdisallpeguivatamt g ther embedimeprtshowiy I@e': lﬁléA herein.
OptieglygdLﬁ\%IéXc@|soé1<91ié\?eed 3%%8 alﬂélnial'fyp?@l\é%{iwe firror or beam splitter (not

shown) positioned along the axis 111 of the telecentric field lens 110. The beam
splitter allows the light source 118 to be positioned normal to the axis 111 of the
telecentric field lens 110.

[0038] A telecentric stop 116 is positioned between the rear lens group 108 and
the telecentric field lens 110. The telecentric stop 116 is centered on the axis 111 of
the telecentric field lens 110. The telecentric stop 116 is preferably placed proximate

the entrance pupil 109 of the rear lens group 108. The telecentric stop 116 is
8



di sclosed in the '949 patent, it is understood that
the light source 118 can be positioned physically
w0 20wones7#z om t he axis 111 in an optically equiRel/E81006/026649
manner. For exanple, figure 6 of the '949 patent
illustrates a different position of the |ight source
preféﬂa&l;t aphysisalopitioadblop which\atledes acentral apdmhmerrbr?t The

apedin LULE 4189 Rgoionsd Profimats o fedbrakpaint ol slesenticlans 110.
[003%2' ' tl-*‘lér 168N81, ﬁaﬁ}%ﬁvgl Bf§htll!l.9ﬁﬁgtléll1 QBdrde e @ﬁé@olé%}' tA& optical

] e telecentric ens he beamsp Itter
imagihg systenmehownfin F¥utAe Theallwmlrwélop@@lurcve)tliueltra’rsdnanIGo1 B

cofef btV 4 BB S AL Bl com
120 nfilinted e6'a ﬁﬂ@ecﬁﬁﬁcdlhl@oé@ £eenk id Gndéretddd tﬁﬁﬁlnld&s erhid@diment
tel ecentric st 0?2116 is centered on the axis 111 of

the prifded sirebithoaict 121 aay fusgtion ae thefrleeentde stan i t6.s1bp printed

il PAEhBLARk PhOGFEe AL 4 BE R REPBLBHENE aperure
117 bl Gelesgnitat stapbl 16.a physi cal optical stop which

i ncluydes a ce ertu 117. The aperture 117
[00401 5, IpdRe @vga@@ag% Sdipehtag RperyEals Ussichioggther with the

tele%&ﬁ‘ltﬁfﬁgbg 116, 'tﬁé‘% élltgre ﬁ%ﬂg aﬁle?st %@Idrﬁe ashhéhr. pb@l"‘é&trture

nat’i on ource sab ptica
settmgmylaﬂgbleysﬁtseshm/hmvthelUED'a 20 dre oFQ&mzéd umm aatinmer circular group
ustr ted i n an .annul ar

' B
110K B Do el Py T1B s ERFBISUST HER RS heF brpp 110
and 90 dater G5 ) 198 ProMHalsNEgPameRNTick by bFgldl IgnEAGIH the object

is understood that” in one enbodi nent
1 02prT |hmlea|ercgrpug|1t1 Hoand thecautengraumi 1 9B maysbe Iﬂblmmated

sim{iREGREY S EhERel BoagiinBilech e el ol R Shigdiioz. tis

undéstddiethapadditibraldircutdr grelips entiid CEBE AR01dduId b@%@%déa
the event that an iris diaphra maperture IS use

[00413 get Fhe sepsitivity pf th%p@a@ﬂtlma@m systamnesl 0G fpea am@fﬁeéect is
pnn&é%rﬂz aéte%lrlﬁ%g%f ter%Sflg\Lscar .%‘ﬁo%%t{vgsn 't@ibsﬁéq%%ﬂﬁg idrd £10 and the

ng aval shown
dianwetgnof 'medlghmsoum 118heThisisensltizity grayupe hdRlted)doreexample,

oo bbb AT o 0y B0 A e e ot
grou? ] ﬂm 'oYtH@ igHes80kce 8. O)Nltéﬁﬂ\'tﬁefg & b@ﬂsﬁw’aﬁ iy é‘@hsted by
02. and p 1 X

he 1 nner group 11 outer gro
selebbvely Iadmstlag dloe dlamdetean‘éthm;;emﬂeaﬂl ti7eofrithe dehpcentric stop 1 16.
d endi upon, th ities of the ohject. 2. 1t is .
aRRERGs 97 HhRLeS Banfdtun thohioR e BRe G ahits iRl miprovide
an ahﬁ%t@b’lé'f@cél@aﬁw W‘tﬁé@ysie@@"r@b The sensitivity of the
tical |rmg|ng /stem 100 to a type of defect is
[004[2[]) ke K

i ndnpwerstiane ezpusge {1 A8 cryses light iays H@Bviedhiot FPT@JeCt
o S5 GehLA B06 i BP0 St b b proximate
to thexshijpttel 02 and are substantially parallel to one another. It is understood that
the light rays 128, 130 are projected as annular cones which become parallel as they
pass through the telecentric lens 110. The light rays 128, 130 are reflected from the
object 102 as image forming rays 122, 124, 126. In the event that the light rays 128,
130 reflect from a specular portion of the object 102, the image forming rays 122,
126 will strike the telecentric stop 116 and not enter the rear lens group 108. In

particular, the image rays 122, 126 are retro-reflected from a substantially planar and
9



sel ecting between the different dianeters of the inner
group 119A and the outer group 119B of the |ight
wG@ouwroes7418. Alternatively, this sensitivity nmegI/b82006/026649
adj usted by selectively adjusting the dianeter of the
aperture 117 of the telecentric stop 116. The aperture
specdihr sUFN¥cd 0 adjats bahller t:bn@mgﬁllltjhmatm whicamrreturh $o their point of

onglrgégﬁgﬁ?%noﬁn%p&%vgfwargwggéu- 'Lﬁwféﬂfaheﬁ Tasied gk
refle&é{i'?l%% Li dﬂ?é?t ﬁ?éé rﬂ% oA C}Sastsofﬁ?é h the ag;erture 117 in

ecentric 110 su at t he s 12
the teleeeritdc stmxl 1 H6 whemaﬂmyt aretfbeusm;l byﬁhaf@re{ams graap 108 and form

. subsi@ﬂ L@‘l I ar aL to one another. It is
an IMdfer 52 8 ‘ight rays 128, 130 are projected
[004:41}?1r amﬂélo@lhcwﬁ%‘guv@ e REFIDRIIG #Hd th?lé?oeﬁ\h@éfn It)r"r?ééptlcal axis

h the tel ecentric | ens 110.

111 Agbie paTa EegiaganeTil iokinbictet adnptesSe aag@%earmtr@gny
small e et Gricolidy BI@W‘%%WQ 0. jEdositaet Ui, B Sensitivit

of thd@ tehN €00 6B Def Adjustad byasstedtitiy, a ddferant dlam‘elterltff I”ght:‘Ing or by
ecentric st 09 116 and not enter the rear |ens

adjusﬂmg theppesiure ddy £f thq tﬁj_.ecpqu@@ sfopyt16.2burthers theg Rl fi fgeld OPVIeW of
the cgﬁgerrg 1r19fféa%cl5§g E L, bﬁ%vﬂ'e@?@f circular symmetry

ecul Ar Surt ace o cr ate annul ar cones
over ithé animea”ieldlmfwlavsch return to their point of origin as

a m'rrEr irrage. I:lgweheri when a portion of the |ight
r aysAuigre fhe om a defect, the image

[oo4&prma\§%§@é%ea%om ﬁletémea@.rhérn@d%&rsfeweréﬂﬂe)wanmﬁe

t'el ecentric stop 116 where they are focused
workingadistagmes rgnoe ﬁioﬂa)ﬂxahdomfdguramn phtgeontical m:\aglhg system 100

3., Th ol I
witn G PR Bt g RSP B R el RS " AT A e ofmis-
focud8f & @anfialsyséa kit fHeeihﬂa\del BBhé Rentbe desaidiedByetesRiuasion
to be arbitrarily small to the point of becom ng

bright field lighting, izf4*¢easiried.1Further, the
sensitivity of the sVsTe ?(Tgan Pe ad] ust ed by
selecting a different d|a er of Fi ghtlng or by

wher%qyéslfi_n fbOs @Pfsrlr Ilﬁe%ﬂaw‘i’éné & of Bl dreCA & B vxavelength
er he Vi ew o e canera 114
of Ilgharf Isethesﬁmhl Iemglhtdﬁ theslesispand 80s me)dlsbhmefmm tbe lend tarthe

ymetry A

field of
oo B LGSR Lhd e B .

100450t SHBEP 5. VRO B A3t SdBRE B IR MBI Brnnihe constants x
and )nglm@ﬁﬁeg f9ERGatorsteem 100 wit hout necessitating
physi cal or optical adjust rrents In general, the

degree of m sfocus of a ca r tem at the i mage
pl ane can be descri bed%yx tion where f is the

defocus, Ais the linear di nSI of the aperture, |
[0045F H‘?\e"éﬂ)\fﬁlhgﬁgfat&tor is the size of the aperture and, of course, the

deviation in s,. Note that for a system in focus, y = 1/s, and ¢ becomes zero. The

above equation relates the aperture and the working distance deviation to a defocus
in the image plane. This can be related to a defocus in the object plane, w, by
multiplying by the system magpnification m squared:

» = pm?.
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of light, / is the focal length of the lens, and s is

the distance fromthe lens to the object plane (sO )
w@ee7ob8341 mage plane (_?,. ) respectively, as PCHUSAIER6649

by subscript. [0045] G ouping the variables that are

fixed for the systeminto the constants x and vy,

For & givehiflel®sf ViBing tieas\aite@MmbgnificAiksibln iS detatoinedby the S|ze (also
factor is the size of the aperture and, of course,

knowrees #e timad) @fdhe sroser.t Fxe smallenths sanser; therssealler ﬂ'ye system
ool o PR Aol B ERRU Fra gr

wo gigtefhcen the inage plane. This can be related to a
ocus in the object plane, w,_ by nultiplyi

[004Z§/st e HIOn 50, SHEGhAL R sstl apertife (RB Nt A5 i drvery small
f

gL gt Dy ST S8 g i teony

mlnlmlrzengstmd bmdubhA‘?m%asdrmlntmmrngbems fdrea glyen eariation in object

Cistafge. ey Dar R RN Go LI XHST RIS o APaae. In a

SImp%ﬁeél‘%rPrp thé eﬁ‘ﬁblér?dyeﬁ bf 8n ‘r()‘f)'h%a SdRtdm C"I'rﬁ’ﬁfddé‘ir% 4 ?)%ﬁ‘d?ﬁéf the

IS a very smal a very smal |ma er SO
radmﬂaneﬁgy thaa:lhamnpa@nlethe qlmme:a)w bet mted;to madiant energyttlrnet is
Lven

incidBgf P 41 Tradihy eBhor <A deds ik o ey ey dfension of the

aper@irbi sy, 0. the systemrelates to the aperture. In a
si npl lified form the effici ency T of an optical system
in focusing a portion of tRe 4%adi ant energy that

h d
Thus, b i E0ub08 AN Bite S ShR e R isg el dpe rage of
workif§ alstéﬂow@nrhmuéﬁé% theRgfRdiefityBNBewptiehl §teme tiansenit optical
squar ed ga T A2 . Thus, arbitrarily reducing Ato

powernt@rf@swrttﬁ daptimage WIH&@StOPad?dk e FRe®VER &sefih fdorsnation
there\ﬂ%rjﬁ' ng di stance) dimnishes the efficiency of the

I'cal systemto transmt optical power to the point
[0048!]1 at Ri@Ge1Arhgtrates b \/wktrrgajldamlsetmmmween autopfsudrface of the

planabp ey | 0F SPEHCEOIFMAER R ANE 1616 S MElsLERS (1 0neA artisan wil
reco?(lgfk@%orﬂ%@ﬁ#sic% ngeﬁqilﬁ)él'iﬁn%rfqﬁ %Il&fanE 932 ma%alternatively

ecentric ens artiSan wIT recogni ze
be defioed bha distnice hetwebe the topt surfacehef the itamar ahjectai@eand, for

Ite native defin a_dj.stance. bet

exariile. oG BLAR coleriok enlois 55 LT ook HBSSing SyefeHh 100
The %é?fﬁ%ﬁoc@s RPiHeOBjE %c@ﬁfﬁhe @bn@aqh@@mgesﬁe%éﬂofod Bahe range

I cal inmaging syst em 1
of dlstances that the working dlstance 132 can vary (e.g., the working distance
range) such that the image 113 is still in substantial focus for the camera 114.
[0049] A larger working distance range allows for thickness variations in the
planar object 102 or between successive planar objects without the need to refocus
the optical imaging system. Further, a larger working distance range allows a user to
estimate (e.g., by a simple ruler measurement or by eye) a proper working distance
132 to maintain substantial focus.
[0050] In one embodiment disclosed herein, the working distance range is
approximately £10 mm. According to one such embodiment, the imaging surface of

the camera 114 is selected to be relatively small so as to decrease the system
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The depth of focus in the object space of the optical

i magi ng system 100 is the range of distances that the
WOweokiesy4i st ance 132 can vary (e.g., the workP@ImUS2006/026649

di stance range) such that the inmage 113 is still in

substantial focus for the camera 114. [0049] A | arger

magWiickiiow nli B eme embadireml, tisMentir ahd widthesfthe anaging®usface
in the planar object 102 or between successive planar

are eagheralectrrindetinEangedpivgen @paEXMErRlY épt M@nd
appﬂomtgﬂ/ ?.5%&\'?” In%ﬁré Ie%%@{)&ﬁ‘[en‘f“lrh@ ug'n%gﬂ‘l ps Lﬂnﬁ% is

ange OWs a user
appmmimtelye@% memdong by dqqprwylﬂjatelymiaﬁ)mmwndd;l By wiasbhince

nta substanti al focuswg% g ﬂ)k
com@RRRIIA IMAGSE (88r-Ahimagal 1041 SREPeRERd SEsmaging
systérﬂ%ﬂéﬁleﬂ?@h@ém Slc}én%lﬂcqﬁﬂumbfjl:’aﬂlah@ 9?8% q

enbodi ment, the imaging surface of the canera
apprgxinefdeb'oﬁ ﬂdnwelonglba(tappébymatalw 8 onmagwide. decr ease the

roos3Y5" T ARANsh. FRLA R 11 e aBRO P AT el e R pior

sensi@ityn Wusaﬂg@m?ﬁwrem@me@}s@ém &AfiGieAdy Nl reduced or
appr oxi mat el In an exanpl e enbodi msnt t he

minimygggl. n§U§huafS@@é0E hajgpprwtabimicrse asine samesad 1 Ays
mar QPG St P bl SngRledt SR Ry Bhe more
convanmgnagceﬁmwigeavan balExaniple entbatineat, Joe eatriera d 14 includes

AN B oS T B e TS g of
eop AU IESHESE 8 b fon B ey 0 v,V s

volts; eddduxrget ieas yrdensityefimeqiredogt. TAn artisadueil decognize that green
a sensor

. ' d S ch it e.
ighta € whdelenglthSt SRERTEb TRy SR B8k Be SRSVl Baybe
somB@iflatiRes A cMViSIBlcORaRAE[GthEO the nore conventional

CCD i mager. In an exanple enbodi ment, the canera 114

[0052hc| ddeactipde tha\mgmdfsimawwg@mﬂamgmﬁ@a&ly Bd0gam,

I ' st f i e . ,
acocs IR p TS cBafriHlai tbihabn BEER L PRI iyassd g provide a
Iargé‘lqugntlty of$ighit| Tise LEDG 120<a|$=,esele§tedﬁolrjﬂ®\ﬁﬁé Iat\ler?' ihigh brightness.

product. An artis recaogni ze that green
In ath QYBPIEYEPEAEF O MeER 820N EH B0 SV GARROIE o
] t t I
LS 18 LR SRR bR bRt g mod
(millicandelapfat approximatelye2mAlLOnrome embodinert, the loBBs 120 are lensed
odi nt the ill 'nation source 11 nf| ur ed
to caruts $1 Hee 2Saheeobiis Ry a5 ROSGRE. InedqifieR argp agogher
emb%lln?ér‘iteﬂ‘ué PEPE A0 ed NSy whth %hvé?y h@g%ﬁ B@ﬁént tbr!ac%"bve high
exanpl e enbodi ment, the LEDs 120 ude nodel
brigt8vess oet STexHniguas for achieving high brightness illumination are
described below.
[0053] In one embodiment, selecting a small imaging surface for the camera 114,
selecting the camera 114 to have a high sensitivity, and selecting very high
brightness LEDs 120, as discussed above, provides an optical system with a focal
ratio of f/12 as compared to the usual /5.8, and a small system magnification of
approximately 0.14x. Note that an /12 system passes less than one-quarter of the
energy as compared with that of an /5.8 system, requiring that the balance of the

optical imaging system 100 to be four times more powerful and/or more efficient.
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Lunex Inc. of Palatin, Illinois and has a brightness
of approximately 140 ncd (m | licandel a) at

wapprossmat el y 20mMA. | n one enbodi nent, the LBEST/LM06/026649
are lensed to capture and use as nmuch of the energy as
possible. In addition, or in another enbodi nent, the
LEDs B0 raviging WigiethgWWadkagegery hi gh current to
achl eve hlr%n@brl ght ness, | evel s.. Techni ques fo

[00543 hi ehalegeinigRntadig Hardisls (MQAR hehitings bging @é@éﬂeﬂ%t&ghtmg
metd, ¥V &%Qég& ih B Q[é‘?ltt ﬁmr °1d1§§éé§'§e| é‘gn'?allsﬂ%ééntage of light

i Megi ng sur ect
reflecting o0& tmézobﬁent H&Rds gaptugdd ssmeitpared yo thmdnmhéot lighd

rangyiitrltoduminatt M PBiegE T Ahim Slerus SHenas: g TghEis reguired to
be t%sﬁﬂl’f@ﬁif&ﬂwé Sbjbbet G@t@éﬁs‘e{t%&os@@g iftheY8RY ih tﬁé%laﬂmeld lighting

nification of approximately 0.1 4x. Note that an
metln(b .2 system passes | ess than one-quarter of the energy

10058 . TR Blis bl blsed ARelasy T REhEELYSBE A B aps

signifigahy blet:n‘d”ﬁé@ tH® e LA frcbdmfwdll@mleff@f gakfiidclightihgBources. A
Arrangi ng ghting Packages [0054] Tel ecentric on-axis

smaaéaghtm@sauqcma:gkagﬁg% astrehigh Gensdly iarranagmenyrafthey light
sour@Bk h\%uldI e Be‘i?llld?él' \9-@ hdvW? r{FfG eﬂ% thé%A?QIﬁﬂﬁﬁggg?nano

because a sha ercen age o reflec
desccrthe@k:m th0294% pampt usesl aasarmym:faltw*dm’auon mmnangt:mtp Bf9A, outer

grou& ’Fﬂg}l% raqéﬁi t.{\ﬁhﬁ 8|s| . u &%ﬁtﬁabgﬁﬁﬂf& @rray to Ihe edge of the
arraf/ s A e lﬁtg% (ﬂ)@rgc-ﬁ\t/e %I t 87 ah8 Rpks: %bftyﬁ? fss@creases.

nher ent |nt ar kfi hting net ho I ze
Thus dhstadanamttweoqsdserdakgthmdlmnqe asismad tasrmaaaltzleoﬁurther, as the

aistdff deiraSe hadPars GRR0 pY ¢ HETERI0T SolveR Dinfeoreases

significeiRfly.ng source package, as well as a high density
arrangenent of the |ight sources, would be beneficial.

[005&4 ergw«rldlmg muttiple gluntipatioroamays ghmuiple centarite-edge distances

is algrﬁ%%héﬁ&?l aﬂdtﬂ}ﬁ\ﬁlgrgé?orp&ﬁgqq%@%&?%Pf”‘éiéj%%t ﬂ&ﬂr@tlon and

diffebiag egrées bhsusbradait) seftf amdrhaewatsrtrearkadetebitorar Faythisoreason,
t he edge of the arra decreases, the abilit

multiple dghtleg aBays arihelphdy Hoyrqveafae Aiscepgad Pﬁ%’h"éé@@@ple lighting
a2 P B e T e pAcREUfg IetyRe 8 eBNAR, BEcording to one
embnhlernemadiecloged hiyein hiey using renmelt individumdillenihaton sources and
ara SRR S ot S 05 L A T Bellihy LR sources, as
well@s&hé'ﬁé@ﬁ%ny of fﬂesé’rrg?’sﬂ s irﬁ:‘ré‘ésec%ﬂnﬂki‘ﬁ’(kéiﬁs for

feri n% manner s object i1llum nation and
[0057] FIG. 2 is a schematic diagram of a conventional annular illumination array

200 including a plurality of illumination sources 210 (twelve shown). The illumination

sources 210 in this example are rectangular and may comprise, for example, LEDs.
The illumination sources 210 are tangentially arranged in a circular pattern. An
artisan will recognize that the arrangement of the annular illumination array 200 can
be changed by adding or removing illumination sources 210, and by increasing or
decreasing the radius of the annular illumination array 200. For example, to
decrease the radius of the annular illumination array 200, one or more of the

illumination elements 210 would be removed. The remaining illumination elements
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differing degrees of super-soft, soft, and hard wafer
mar k detection. For this reason, nultiple |ighting

wa@eoaypes7ar e hel pful . However, as di scussed bel POT/US2006/026649
multiple lighting arrays |l ead to packagi ng i ssues. The
packagi ng i ssues are solved, according to one

210948 98amBngeds6 626 ea@kvb%uasmnubwy gguaeiw-end sgasingiab circular
illum nation sources and_arrangi ng the i I | um nati on

pattetsur Removinddthgrangyer marevilBHNa N SRIHERS ¢ 181io desrease the radius
decfHlLE e gﬂghWé'sE 1%%423(@%{%@@;5]‘2690“ the arrays, is

rease maxi 1G 2 is a schematic
[OO@B]agr'alme afinalac dlovEnaiionalirap200ican bd Camiandticadly lacata;i with other

artay AR ANk e ad - S50 eagiPe J06 o i A ehematie
d.agﬁé@w e?}ﬁgﬁﬁqt%ﬁbﬁﬁﬂéhgéméﬁﬂomé AR ink@bn @ﬁ@m(ﬂ) shown

' um nat | sources 210 are tangentially
in Fb@r21ngecbntricauyclocahekiamtrpﬂtreemner/anrwﬂarllilanlnatlbn arrays 310, 312,

314, [4H AP AN TAI 1030t RA A RS ng B STPATE e g ciferent

radils E d‘glfﬂePéMfﬁth%érQﬂ té@@@rﬁ%ﬁﬂ%%‘l&ng@adumﬁma@h *BBrdE® 210. It
or decreasing the radius e annular illum nation

maybe geszale, theugbxmipeayirad te @@l@t@gbbm@neaa ieMelpbetyqen the
mdn?lﬂpﬁtnﬁrraaﬁ %t@ezfﬁﬁ '3‘1233%83\?%81?% g é?oéﬁgast B number of

- illumiaadom Eﬁgrdebmgm meﬁach:ralreé;emtzmnmar 614 ésimcesaped fsam the
¢ ;
pre@épgﬁ]r@?\égrgfygyﬂgﬁnm@“ o v% eqmeend fﬁ?t%ggwlgﬂllﬂ%matlon arrays
[ t 1 t
TR b A At s
210, esgRctivede. annul ar illum nation array 200 can be

[00&@23?5%% S0 16 3508 v enlighadiiiiReon RoufKiajfuts, each
arrag/ﬁg%%htéﬂ el eﬁglhﬂré‘r‘Prﬁar?né?r(l@\gertbhgéﬁﬂlal@rdr@[lﬁé'éEéBmﬁ]fontdéﬁhter

nular illum nation array hown i n
ponﬁbnb@mewecam |oyne|emla@@mamtdwotqae@léwefemﬁh%ﬁfnmﬂqﬁlonal

ol RSBy 3n ATt Lo S PR coc

arrdyadF @S 4586 Schbmatey @légreﬂﬂI@barplmfallty%fgﬁﬁceatriwllwd@md

illum nati on sources It may be desirabl e, though
ilumipetipe guiayed,10; 41%e4 H.4 19 Wf@@ﬁ%é@@m@@épsoﬂﬁe‘?’%é@ﬁ'mem Each

of tlﬁgﬁluhﬂﬁiétY rfét'%)ésaflﬁ?}’f12'3]tﬂ4 %981,11 ]afalu?all‘{f PRSI sources

are 0SS®s he Hunbér o m nati on sour ces
2102ér®amgecbmcd10mula1ypatérﬁ arg00d axoamash4einser 418. eased
| nner when possi bl

000D Ao Sa R BT (e R AREPBIPTE: Sagan &h EHSSDaENA4 reveals
a sigﬁﬁlcaﬁ‘t%cfe%%qﬁ%é ﬁMﬁfberbY"ﬁthﬁnat?dr?‘é&ﬁﬁe@Qﬁ Otd%]ﬂtlﬁ the arrays

um natl on sources , respectlvely
4105!46\4@41161 Fhas, Be arraysrd K dldnd i 6 madvide lasignificaririncrease in the

am S B e RSP Lol R 20,
respectively.

[0061] The innermost illumination array 410 shown in FIG. 4 includes twelve
illumination sources 210 radially arranged in a circular pattern. A radius from the
common center 418 to an approximate center of the illumination sources 210 in the
array 410 is approximately equal to a radius of the innermost array 310 shown in
FIG. 3. However, the innermost array 310 shown in FIG. 3 has seven illumination

sources 210 as compared to the twelve illumination sources 210 in the array 410.
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point). However, in one enbodi ment disclosed herein,
t he conventional arrangenent is inproved by increasing

wa b@7/estieer of illum nation sources in each arPEUSIoDEA26649
4 is a schematic diagramof a plurality of
concentrically located illum nation arrays 410, 412,

[0064214 mesnextnamgmbstcarmmmshmmmew@mmdmﬁsm@wdwumfnination

soutge8 A1) BILRAIV AuTHTR orh Sl iaatirD. JHeclROB e aumber of

illunfih&GeH 86ureas a0"n %@Hﬂgg@f@qmﬁs&ﬁﬂé th‘é]saam%%%gmz éﬁdlus and

conparison between the arrangements s
numiped of illusveatian sowcega2fi Ddathe array @88eshiowrt ina-IGurdber of

06y R R T IHEESuB)  1hBs 2  honel
illunsihgtiorf se@oes RNOrediady afrahhed amalicurlr Pa‘k’c@rﬁ‘ eACrﬁHFu% from the
provi ded as _conpared to the arrays 3 10

Commbe%mtrevé § to pp@pOroxmEte aarienes the illLminatian muraes 290 in the

arra 43458319 inBlch b6l 854 SERL St 4T 8RR T I 3
Howeadr, the fanay 3 12esliawmimF @8 Bas 4ixddbr Hufingtii $xirted 210 as
nation sources 210 in the array 4

com%%rch{oa%%rt{ygﬁ% é‘lrg)]t@@fﬂﬁt'oﬁ‘ gourcegd 1@sindhe ef@yidider nost
[0063]" aYThe éﬁeéﬂg%‘ar‘ré}/ ;E_'l @shéwnm\ﬁ?éeﬁ lnélpﬁeé M@ﬁt?ﬁﬁﬁr illumination

array 3 10 as seven | um na
sourseaed@garmeejsjn cotipauiatpattern hd ot aetieve aldesired atparation

et Raeidszat the iiSndfioRotices 0 i the riaidle, g Hlamination
sourcks Qm@élﬁeﬁﬁéw%%tlbﬁwﬁ@u‘rﬁ r% ﬁirérfdlﬁéldeﬂnﬂoalment to

circular pattern. The radius and
achieye tha desireshsepaiatien, arEgor moreef mernﬂymm|onssources 210 is

I th d
rem e IR syt B8 B Forhe e i B G 27 are
arrafigddl ir3a sibSGAtialhengertiali damgmronam@yhdwﬂ i FFGV”4 'aﬂradms
G 4 includes twenty-four ||l um nation sources

fromrtha.%mry%ﬂeatﬁéa Sita & apRreinaatenanterof. thwlﬂmlnataom seuﬁces
210 rrﬁ]ec&ﬂgﬁﬂoé:teem 416 fksal%&faﬁﬂ?%gﬁlré@ay 4§ 4‘58@ & 192 olf¥most

um nat 1 on so rces 2

arraypp4 showatie RiGeudiowever, thadamsy 814 ishewarin BIG3 3oty
312 shown in FI G 3 has

lumifatioD e ioas A 46 COMRZSER o e bnte Towpumintion soueses 210 in

the ar y4four illumnation sources 210 in the array 414.
%O Gf&j The outernost array 416 shown in FIG 4
[0065hc| (!1655tl&\erﬁbwmedrlllmstralmgrmpramss(5@00‘95aﬂaﬂglagraahlghcuensny

. [ d
o B AL Y8 P oSG B Eabe a0 Retbe S3ed, or
exarhple, & bgyuths, artdr@emémmfnm.ﬁan@wf@@&1%)1Q1Qr@wfztf@t

froma tan?entl al conf |/?urat| on. | n anot
r

schegiafsailylvsirates indtCede Wﬁsst@@sﬁ%dh@pm@m&ﬂo inoludesselecting
an aFH?fr&ry%uFtlBFé 6##0Hmllﬂﬁ'}iﬁ&fbnsé%ur88§ a21otot§1 number of illumination

sources to be used in an innermost illumination array. An artisan will recognize from
the disclosure herein that initially selecting a multiple of four illumination sources may
be arbitrary or may be chosen for electrical circuitry reasons (e.g., to achieve
balanced drivers). However, any number of illumination sources may be initially
selected.

[0066] Ata step 512, the process 500 includes orienting the selected illumination

sources in a radial manner at a radius equal to the radius desired or required for use
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renoved fromthe array 416 and the remai ni ng
illumnation sources 210 are arranged in a
wGaiwgnesTst al |y tangential configuration. As shP@mUB2906/026649
FIG 4, a radius fromthe common center 418 to an
approxi mate center of the illum nation sources 2 10 in
by optlt@] eln®ETBoF adldpitakiffading Qmém((él%t ﬂie/oﬁmaﬁlhmtagmg system
radi us of the outernost arra%/ 314 own in FIG

100 disorsasd, ahaue with sssrechtoshlen |muw@n@eﬂﬁ0{<mﬁye of the
LTSRS B AT R S8 AR Bt Sbfigs2 ohopy Fio

4). [0065] FIG 5is a flowhart illustrating a process

0 for arranging gh nsity illunm nation ar .a
OOGEL"COM?rFée@ é@n@eewsew%éa&quw SW@g@?Qﬁ lgésources
mtert;él?(?%thfé%{che&‘tﬂgpl fthd %i@b@l%yéﬁl%f%é NG Eﬁmn ch)urces is such

um nation array 4 matically
that 1ih|e|yl£ki naittedch nnéla@othbr orAhatthsy elo TG, aldlaelrml spagingsihe

proct Y 5 Passen Febudlado.goh 415 ol M st §ndfs (Hitkresers 00

lncre%t@éé €8S niuMtiIe of FH illummation %@Ufﬂé%tby bhe!WiHoR indsyet e
artisan will recognize fromthe ‘disclosure herein

procemthannre((m rabtg theblept 3 tfollowedtypstep &4 dfithe illumination sources

do 8 I B, S, B BE SRS PSR S S B

yes pth@20etd 4l6iepes2y) whEiegsrocesy 500 mhenegﬁ/vhéthehfheqiremous
sources may be initially sel ected e]tf At a ste
iteratiqrp of theenwnb@@@fsl"gwatm SRYESeDHINt PIS3 e thgIcuEEBy number

of llldrjnlnlé]%ﬁ%%'u &asslﬂyrfeqé |n a radial manner at a radius
equa ot [

e radi us desired or required for useby
[0068Dt i ¢ftheqrevipns sterdtioanalspintedérddytitg popcegs 5O assgs through a

ves hall A o Siepc 2t gre el Biie.of R Bk BYRaEsH Solfeet i
decrfa%% il ‘%b%cﬂé%‘f‘égéﬁ kRnY he 1375 52@%@ p;?tfceEsBeéOO] returns to the

atlon sourcés 210 shown in
stepst1@p I6the, previousritaration ebtbleqwnb@rsofvm@nmtlom@urces dld not

. tllu 'nation rces terf f

interlsi o Reditorgy 300 BRosa P roff e bafl BB 2SR b he

multlp'l‘é‘bf foue iupeinBabn EouRRs 08 BedreakbebyWnd Wabletintyedand the
have a desired spacing, the process. 500 passes t hr ough

procass §0p£ontiBues £b ta the epxtaltéemm%natm Frasebsthippoint in the

procgﬁ% 5 V\Ebﬁ% lbﬁ%nqysttll'lﬁhﬁaﬂgn rLé& |% hbH{Blé@t I &QH{rﬁgﬁhey

eger en‘returns to
innefhest imgrfatibhwf H0 s[h@ﬁn ﬁiFLGJ 4 r\:\llﬂhealdldllyrarrmigledrillumination
sources do interfere wth each other ro s,.500
sourpepedadaay have Pﬁ@n@eﬁ&@f&! 3960 aa?%’ﬂgﬁeer%%?ﬁ%@@cﬂ'%%&ed
abov €p 522 where the process 500 queries whether the
previous iteration of the nunber of illumnation
[0069pur ddsa stepdideusihglibe saena hember oéilitimicatissy sources as the

previous radially oriented illumination array, the process 500 orients the illumination
sources of a second innermost array tangentially at a radius equal to the radius of
the previous array plus 1.5 times the length of the longest package size of the
illumination elements. An artisan will recognize from the disclosure herein that a
different radius for the second innermost array may be selected in other
embodiments. At this point in the process 500, the second innermost illumination
array is complete. For example, the second innermost illumination array 412 shown

in FIG. 4 may have been configured according to the process 500 discussed above.
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of illum nation sources interfered. [0068] If the

previous iteration also interfered, the process 500
w@awsmees7shr ough a yes path 524 to a step 526 WPET/ES1006€026649

multiple of four illum nation sources is decreased by

one whole integer. Fromthe step 526, the process 500

Althoeg hossticwr EFE3S 4 b8, if tHe Hlnmimatiyn solurces @r etin ¢hie Sécond
t he nunber of illum natiaon sources did n interfer
inneymespillwrinadionmirad L2 nterersuyith gapk oMt ??181% bg @‘@@5 from

the %ﬁgemrogle'hm @Haf o B dittatidd Hﬂ%@%dt@ﬂné&%@sﬂé

rease I nteger and the process
[007@3nt |AitLa_estepr534o fd)l’@th]&i(Mneuhest arféw e atcnc:mse&()ﬂamcreéises the
rocess

mutiale o FRidsinalipR s o SEaR e et wBpledR ST e At aratep 536, the
prode%@ Hostientsd tHETNMihpatBh 'saYiréeof Bvhildinhéfmosgt aMdyin a

radially arranged illum nation sources 2 10 nay have
radu@lemﬂgureftnogmtajraaku@e@uaigo the pravigisoaway PBE01 .Gitkeessthedength

of iR festeknoe Slre b B T s0e ut ar ot ent ec

[oo71y! urlhreﬁntémmgléreauboduh%rmrtﬁéemﬁnﬁ@ao@rsbarﬁe% drBarranged in four
i I'lum nati on sources of second i nner nost

circylahgeays aimilar e the aaamémq%z 414, éAe ﬁ*@mmg Fdﬁy tawhere a first
CII’CI]HglegllI’QYFIaQr r%lL@ gfsé;p ?Xli’l‘Ld{&? %E?‘mjne %telaoﬂ{i rESItar arrﬂx has a

onges pac age siz um na ion-e
radiag bf aapro\mmdatelyes 8gnig @ thirdroirchiar dinsy! hesua eadies ef approximately

a differ r adi s for the second nner nost a
5.2 G Rl oR FoIT rHIRERIT R BB ATRHLE, O PR ARG AIEY 6 7y e such
an e?ﬁ@&rﬂﬁx%n@%cht|hﬁhﬁ%@l@ﬂ%du%§§"‘gsﬁﬂd bé’éﬂd@;@%@ﬁpé‘ﬁo&ﬁ‘ﬁately 1.2

I's conpl ete. For exanple écond 1| nner
mmildrhgiby aaprmcmnataiya@ &4en siidenvand is KFh@vn in theytrade as laadii 02

confl ccordi n to.th QC 500 di scussed
pacii ey B lERRGrS S bhrer O R T a3 s T The
[0072]' UMAMNREIRE TP YRE BPocks 500 (%th‘é?le%aﬁﬁ@l%er ﬂf@ﬂlﬁﬁﬁﬁatlon sources in
| um nati on arra%%412|nter ere with each other, K
e

the ﬂwi ipaciongst @rayripiartane witinerah other.offitee paysisal Iquwh Qafrt

ilIunﬁﬁatg&&chE)ljcggiéa&}j&{]th%ftt %15%8 Hé?fom&ﬁt n%rér?%héllg%th[a?ﬂ?e do have

ner nD

a deggiredespachkg) thanprovess $00hassus thoughef nd path 540 to a step 542
illumnation squrces to the next whol e i nteger

whege & Brasess 980 neeases Srpmertinke ot QLHJWH“?F'QWHHEQ%?PY one
who?é)ﬁtégeﬁ' e ;BIJB%eE?'tHéB fé?lﬁ‘l‘?\%%stf\e @ferpa% 36 fbll%vsfe"i’i%fétep 538. If the
conri ration € previou

radi us equa
illunmghalorlséurcese® mfwfelremgﬁhrea]fn other, Itbe@emeasaﬁﬂ(hgmceede from the

illum nati l.enents._ [0071 n an ex e .
stercsdb oo 5 Vet ek B von ipicle Ratireanall Garies
whetifeH the {er\Hbé‘é |téfdt%)‘lsof9(hé‘hhﬁ{bér%fm&?mﬁéf‘éh@oér%@s irtéAered before

414, 416 shown in , Where a first circular
the aunrant rmesber mfaﬂiummacblﬁna@prctﬁa intertdrgd2. 2 nm a second
[ooﬁ]r cuI f e Srrerv?c}ﬁs ittafion also interfered, the process 500 passes through a
yes path 550 to a step 552 where the multiple of four illumination sources is
decreased by one whole integer. From the step 552, the process 500 returns to the
step 536. If the previous iteration of the number of illumination sources did not
interfere, the process 500 passes through a no path 554 to a step 556 where the
multiple of four illumination sources is decreased by one whole integer and the
process 500 continues on to the next outer illumination array. At this point in the

process 500, the third innermost illumination array is complete. For example, the
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radi us of approximately 3.8 mm a third circular array
has a radius of approximately 5.2 mm and a fourth

wa@eoocbsn2 array has a radi us of approxi mat el y BCBUSIW6/026649
In such an enbodi nent, each illum nation source (e.qg.,
LED package) is approximately 1.2 mm | ong by

third aferexdstafuehiviatiorPamay Wideshan inskI1avwith radibily anad@edis
an 0402 packa%(g after the dinensions in jnche

illumjpagiopsopircesndd may haveshesn eafigured ageeidingtay %Ig process 500
dlsc:l?éé%rd'e?oso\)@et her the illum nation sources in the third

i nnernmost array interfere with each other. If the
[0078hysiAtal stbpybddt usihgtthe sehieumaimber ohillsminatiesn saireesas the

o B gt eSS S bt
sourBed8f B%mﬁﬂ{hetrﬁno@t §|tr§)mta54gf%n\ﬁﬁw 8t & h8dibs %ﬁ%ﬁto’i@u@ radius of the

i ncreases t mul t i our | um nation sources by
previone agray lelusrilt@gmes ﬂ’ﬁhéerpgtb@éme langest package size ohthe

umifacioms i, AF P ot Fring Rinogas S, o dS D Brdedfhost

illumifRioRestFay sUBripleteS t Bdr H&fnpIB! Pleddupth)ifsedaddl iiRAGinbBoRarray
step 548 where the process 500 gueries whether the

416 ghewn dus |Gt 4may kavebeemeoniigiied aseordingta Hig pregess 500
ciso e 8 UBEFER 0 P B 4PpRiased 0 i the four

innefmest itusindtienairiay 18 hterfereavitreeach othee, thiegarap bB@fset from

passesthrouhag ath Otoastep 552 where the
the tapgental origntation; ag s BW\nHB 4sources is decreased by

e
1007877, Hifafisaluifcog “E%’*f%%?h%e 105tfe fiREnRhacpreffss 500
maytdmetmua‘mehke)fnanlnbaral’teaamatmg etweeasradiadly moienied dofrémation arrays

and lhoeRiafie iR R elobArayE of PRI taroatl Bulidie
desifRCSRATRS), BY cRRk ﬁﬁ?hﬁrﬁtﬁr%ﬁﬂfunﬂﬁﬁhéﬁﬁrrﬁ?@cFﬁﬁhéthe order may

continues on to the next outer illum nation array.
be revdrseghsuah that the énnsrsest arrapbastehiangantial arrangemit of

AR B2, G SR B PGSt el B A Bl
illurietion $auress, alrgiesb fdrihunihntdition, 3ieei Fadias 3l Bacmyragyeay be
been conflgured accordlng to the process 500 di scussed

selegligehte bey @mdepsimd lgnsthep 558, using the same nunber of
illu ( t revious radially oriented
il u?f Hg[(jln% i%a[?y,ﬁﬁlhﬁéqﬁﬁﬁbs 500 orients the

[0076] | unigledentric snwaxiedarkfiek (meAthhghtm@r beilg aadaagﬂeld lighting

ta ially at a radi, equ e, radi
methth felinon e grolf.t odSacebdnasd theruingion Reutcand the
ob;ehﬁﬁ@ﬁgtllmﬁﬁl%?ébe AS Tt QhrikiBRI é#@é Wdﬂﬁtn@apﬁ&eﬁ@mt&coﬁﬁes
oint in the process 50 fourth | nnernost
smallén andrenfteo matks agn ibe pm’npllvedetheF&ﬂnSdem perturations in

t.h i nner t illumnatian
ahgnment increases. The alignment requ1rements¥or wafer ID systems that use very

narrow angle darkfield lighting, such as TOAD lighting, therefore become
increasingly more critical. A relatively simple and convenient method for alignment
according to one embodiment is described below.

[0077] Because of the layout and design of the optical imaging system 100 shown
in FIG. 1A (also referred to herein as the reader unit 100), aligning the reader unit
100 to one or more TOAD lighting arrays will consequently align the reader unit 100

to all of the arrays as a consequence of their concentricity. The TOAD lighting
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416 shown in FIG 4 may have been configured according

to the process 500 di scussed above. As discussed
w@bwveos7ef the illum nation sources 210 in thePdDUS1006/026649

innernost illumnation array 416 interfere with each

other, they may be offset fromthe tangenti al

arraf ln%ﬂIo%t FSexamaple harnllimiration a4rayl'sQﬁlﬁ5]41An4¢4t419@lhown in FIG.
Wi ll recognize fromthe disclosure herein that th

4. Ftﬂw@g,sotbeoT%D bahfinchasay ﬁrmng@wﬁﬁa&uch@&t@pﬁgﬁhﬁ\gn in FIGS.
et
5 S O LI Elrib b HaT I RBaR o 3 sppodiment

incldde@mlgﬁbn@ﬂm ]ltrﬂielrnlmspanay tecaesd it edll slpamiam)mlsﬁbgmngat

a nu er o | um . nation arra . Fur r, e oraer
chargglprigics ay maler @Mgﬂwt analeSRan houid e oidr aga5S, Thus,
alig@ﬁ@wmn@meé{ Qfﬁ‘é’;‘?gﬁ ed ﬂh%;argﬂﬁﬁérﬂrbfwwﬁés pét'HEin relation to

ond | nner nost as a arr angenent
the dathbu'rff[)#dfﬂ lightingpamays, and so forth. In addition, the
of eac

[007r8 ngt G.8isg odﬁqh%yil[leﬁ tmgg%pfq]ecgs/egrdﬁr()t f?%&gglé?dﬁi&bq%hﬁng

arra%la@@cﬁﬂt g © Sk @nbsdiaer i/ HAstep@ND), the Brdderd.6006hBIadas
l'ighting method, relies on the angle of

conﬁmnnaeawmdﬁémmtetﬂ useeal lnnarmﬂ%ttT@ADslthnt@@ aHFay. t Iher example, the

ons S RSt Sl AR
shoWe iPEIGed v ed a dibe 620Nthe protéys 600 resitdealigrimg thereader unit

al i gnment increases. The alignnent requirenen
optiGlpis agrlopeite perRandicylacio b PRt RARSAY |p@sa@%<f/§%¢ gtep 622,

a mtrr'og Ik %Wﬂliarﬁﬂﬁm‘?‘éﬂé—%@ clﬂﬁatlé B%ceﬁrlﬁ{ﬁ\fe%tgeﬁgﬁgﬁ%na&d an image

I ncreasin re cri A'rel ativel
capwwpm‘uesetls nemim@o‘emlr al i gnrrent according to one

o e T B
ana? gﬂhé ”m'ép@cagﬁjréab‘hothb%ﬁﬂéﬁ%lf 8s Rstaldy. ag gﬁ'@& angular offset

er uni al i gni rog the reader unit 100 to one
is represamted wmnwrgfqrnh@reas yyense brighinesgdiethe inage. ginor

angy3f oliSa e Yobleshlle B Alcany iRyt bindiah the image. For

examb@)FIGSATAR TBAlusRte gﬁbto@)@m&l 6f thbhﬁlrrdﬂdamlrréti ioPrthe
arrays 410, 412, 414, 416 shown in FIG . Howeve

readsr et aponrsiing & onaenabodient.r ARgdnages | In@%a@@&mwess 710
(e. gs%%‘@]ﬁel#mt @F’K %ﬁa"ﬁréjre% of m@seaﬂ)ﬁ@wrrﬁg%jé@&q by areas of

accordrng to one ; reneuine
ghoﬁed@lng)J nnernost array because it wil I show any

ool AR S B bk i B8 B enco
betv!lééa’ltﬂﬁfh'é"i%"ad@lC L& aBY Qﬁé%j‘e%? _Ijﬁ'thé Fkrﬂiﬁitctl% (BRE, BRkighEin

inrelation to eot I'ng ‘arrays.
image space) until the areas of brlghtness 710 are no Ionger apparent in the image.
The apparent angular setting is then noted as setting x1. For example, the angle of
incidence is adjusted in the direction of an arrow 712 shown in a first image 714 in
FIG. 7A. As soon as the areas of brightness 710 move off to the left of the first
image 714 and disappear, x1 is recorded.
[0081] At a step 628, the process includes adjusting the angle of incidence
between the reader unit and the object plane in the opposite direction compared to
that of the previous step until the areas of brightness 710 completely traverse the

image space and are no longer apparent in the image opposite to where they
19



[0078] FIG 6 is a flowhart illustrating a process
600 for aligning TOAD |ighting arrays according to one
wepdomdisTent . At a step 610, the process 600 i nPCTIUER06/026649

configuring a reader unit to use an innernost TOAD

lighting array. For exanple, the optical inmaging
disappehrRid ihGRe PRaviogs Sl l'gﬂ:f gpparentiaagilae sétihgs tain adted as

array 410 shown in FIG 4, At a step. 620, the process
settlego@y cPrRIeERie; e angle ﬁé'f}c@iﬁi@ﬁ ig aciuséRd inctae ﬁsac%lowf an

a5 5 B BSBEDA g 951 95195, AL 0538 e o o

brighteie Ttiovaowbdpido the rightefdte mecthe imbje dtl Sprahdisappetr, x2 is
an i mage capture process is comrenced. [0079] At a
recofdedh 624, the process 600 includes characterizing

[ooa@ggul A a e{éﬁo e ?ﬂ?@ggm ihBRIde SRR ARG B Es @R dridilar

ader uni i ns : gross angul ar "offset is o
settingm@Eppsexitredelpyhalfovayw betivaan sattiog xbfandraeting xBr Thietresdsr unit is

ther, PasiiShad B it U pBRR R AciREA bl B RERIER U TERRY the
objelct %neﬂé\ a@@étnﬁg X3.| rc@rté@neeplehmmm ﬁﬁé@e BROSABWH ih G, 7A

captured on reader unit aCCOI‘dI ng to one

illustr ﬁéwhenm%anqbgéfgncld@ng@@ %ﬁt@ééh%ﬁetjlngn&éhawas of
orioffed 008 i F5adRE s FUAD 3piia e Y ens o e >

diretfid}80] At a step 626, the process 600 includes
adj usting the angl e of incid

[00§#]i t Ahd StaRd bt %tprm%séqqqﬁgﬁ@eg%ﬂlmﬁ@ef b8 re?9g°¥ incidence
bet %ﬂ ﬁ d @&Heb%h 2RE&he Bﬁg&t gléme' ih tﬁ@ﬁtéﬂl 2 H({E gnhlép/down in

ness are no r appare
imag’@epap@)amret'rhitheaagadsaasf mmmeag 71 areemo footged appaswttiin tige image.

ThopherERlp Ao RS0t b AEATE b AR 65 angl o

mmdé’%beis%%i‘uét@d il fRe difectidh ST ardSw 722 é{dﬁ\ﬁﬁlnoé fourth image 724 in
I ght neSs 710 nove off to the left of the first imge

FIG71E1 a&&js@bl’sa@ﬂ@afeaﬁ of brightnaseridédmoye edfifp the tep of th@ fourth

the RLOCESS justing the angl e of
lmag%??é 5%‘?‘\)/%36%9?& Har%g)g “unit and the object plane
[0084] t hat aRRIS634L tHE prsddsRrincloapgaelistingtthetingfe dffiacidence

previous step until the areas of brightness 710

betwegfpiha wagdef pai anddhe wbiaciRipnesipibe omes'é@ dirggtionagmapared to
the ?%Qﬁédlfégétegrbntt iPhe %%E ngﬁfﬁe%stﬂ O%ﬁlﬁtel%traverse the image

appeared VI OUS step

spaem gnuzﬂremtlbnglg amoetrbahmrtbe dtiage oppositadp whereFthey disappeared
| e, the Hgleoflnc:ldncelsadust in th

i the PEVIAUSSIBR- ARCAPPAPTANSURAR NG & d agetlingy2. For
exa \l/é: 't% fa?.?Ie fﬁgérﬁ?g %&ﬁs@dgﬁélitgg w?%%ﬂbf‘ﬁﬁ%rr?mﬂ@% shown in
a fifth iveageed?8 ikBIG.<7B. eAers@ed as the areas of brightness 710 move off to the
bottom of the fifth image 728 and disappear, y2 is recorded.

[0085] At a step 636, the process 600 includes calculating y3 as an angular
setting approximately half way between setting y1 and setting y2. The reader unit is
then positioned such that the angle of incidence between the reader unit and the
object plane is at setting y3. For example, a sixth image 730 shown in FIG. 7B
illustrates that when the angle of incidence is set at the setting y3, the areas of
brightness 710 are not imaged and the TOAD lighting arrays are aligned for the y-

direction.
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[0082] At a step 630, the process 600 includes

cal culating x3 as an angul ar setting approxi mately
wh2007/0081y2 bet ween setting x 1 and setting x2. A¢EUS2006/026649

reader unit is then positioned such that the angle of

i nci dence between the reader unit and the object plane
[008@ at Ins@dé bR olimeftOtheerreBBLiRmMENts Mhadk inhesy-dREctihoare made

7A i llustrates that when the angle of

WhllBﬁbB@é@&%Of iwciglencagtn theexﬂgepwglswt atflee gelding X3¢ Then, once the

: angt%r ?’g%ﬂgf‘ée (0 gnggﬁF r{ﬁ | rec ?%ﬂg y?%%kﬂe%?hf’é?ﬂents made

in thﬁéf ﬂahréagon b@g&mamoﬁ@@d an?vwdameafdr ﬂ? $e;]ttjng g_ﬁ iedgteemined.
of incidence between the reader unit an Qbj, ect ,

[00%f]aneln onq gEIBpdiMeRIs theomi y3ed 9algRRe; f@ﬁﬁd@@?ng arrays 1S

spuR Fbl%‘?ﬁle; éH”fn‘léq ﬁ@%r@ée%@sto%fvamdtg mé‘&?@m@ﬂ@ﬂ g%@ tHORSHRIer unit.

appar ént I n I mage. The apparent angu etting 1's
Dirtt thest, coatéd) defests, andg;tlyemmpémiectmasrphéhemmjanmltés lehses and

inteisi 0 are S bl i 5 e SBeflhgerddigns in
the ékié@ﬁal%whfr'&%ﬁ@%ﬁgﬁ He Mo ahhtinPafrBfst SBnﬂf nd fie external
fourth image 724 an

di sappea é‘ll i s recorde
mirpo giritifias defeate thas aue attﬁbugbd&@s ei rearagusitafpusxamgle, when

the SRR s bREbABBBERRER B BSs PR BoutbirI R e 7o
becbfr%\llbwlﬁtédsﬂp stigaks. theweveaanphright ghsteeir télifternal dlrt dust,
npl etely traverse the jmage space and are no | onger

coag@g, giﬁ@ﬁgt&, and ether W@;ﬁp@g,c{oenqtd)qm%strﬁ@@ when the external
mln%'r?%awr?ﬂ%l%gﬂéﬂlgtteg{ ‘gﬁgﬁg[:f??ﬁcﬁ% of}ﬂ@&@%’ éyé&?rﬂr&'ﬁl
dwtmggisrhedffrmmdheleuxtanalsrrqxﬂrﬁwtlem oﬁtrﬁmoldmmgcmnrmm of an
arrow_ 726 shwn n g f| th image, 728 in FIG 7B. As
j r$Egove off to the

[ood Oﬁ(‘v?éfet' h§ sgét%hhgéﬁ'&%ﬁy Eg%éﬁ‘i%gs HaSRPPBEKs mlé%dlﬁg for

recorded. [008 At"a ste process
exampdé, Lajwleoaamrat arigwey:armiga hghtea\'gm@.r Sslehtwafgr ID systems may

' { tt nd It
pro{}8's3iile Pasklythelth oy EFnR Rl RS, A rifichy P ld, e
nar@mbﬁ? lef ddrRféldamaRinbao MDY pladlRg HeRHgHt 6Urée aightlyh@f-axis from

object plane is at setting y3. For exanple, a sixth

the lenggrnd gamer (hgi, iyisally brewiern @ppreximately & degress ane

ool S 7, 80 5ol B 1555108 B 5Bvent

direlct gie oftharlighy soaice iarefisetionfoyr thehmiryotilike surface (0D @@ssubject
In one enbodi nent, the neasurenents made in the
wafet.gi rection are made while the angl e of incidence in

[00%%]: ;ﬁggr ES&%%I& t@g&?i pfétr? c%fﬁ,g/ F&fﬁ 'tcpgrd%)de E%%Técueﬂ%?

y-direction I's set
convaeticretl t often Wf—thdqaﬂwmb’h\ﬂdeem togutevide thésystem W|th a variety

rection are re-nea and ne | ue _for th
of G HAP Y ok SoRTelamenald of ool ARoUrD G G ReRing alpha-
numdife §8ridl Huntisds stieh akitefsd BBsdriBa WitliRtthe ENII BMS dpcification,
and a field of view of about one-half that for reading 2DID serial numbers, which are

generally much smaller and benefit from the increased magnification that
corresponds to a smaller field of view.

[0090] As discussed above, the ‘949 patent teaches the incorporation of the
narrow-angle darkfield light source within the telecentric optical imaging system 100

shown in FIG. 1A. Thus, the same optical system that is used to form an image of
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spun during an inmagi ng process to evaluate the
cosnetic quality of the reader unit. Dirt, dust,
weoaviegy4def ect s, and ot her inperfections on tPET/DER0€026649
unit's lenses and internal mrrors are difficult to
di stinguish fromdirt, dust and other inperfections in
the sdrinlexieverdd be readris atsedudenl tal dlgsely benffoldtﬁelgeginmetr;gof the light.

By orcainc tid LaNtsPres 115 Bhoubne (BerRiic Had 0, propsfties of the

lensR% 3R] §10WBANLd BEefid Sﬁ'ﬁ@‘[he”&lérkﬁéld' |§Jtﬁ9\‘éﬁontt8‘9\/|ﬂ‘fr¢§5range
of brightness 710 shown 1n FI GS. 7B becone | ow

betwerreapproyirgatetak degresaned appwaﬁlgaﬂwm%OMe qpdical axis

11 R 55 4 AR LSRRy, Fapvr, e

pro;f@rt’ 69 bf th‘é [eRses 108UH10 hireusad ® maintainithe fuedibiritg obthis
he reader Sést em can be distinguished fromt he

relaté&fﬂ%maprqaﬁﬁ preddire Beld offvievhe spinning mrror. D.
[00 pg;ﬁi‘ﬁo'rm ofd B&qcﬁﬂﬁr& @?é‘éyéts&s%u%%é’ in 9%8@1199 \f%i:t% that the

em gener a sSes asl C
Iensfeer‘IO@(arrglafﬁ naucHh nlme saph!llsﬂcatad Itleamthaﬂedlsed mgjminventlonal
source uc r ID OVI e sone
imag BBVl AL RS PRROPILRSIoTEDRE e, iseTass Riada specifically for
; |
a pdbrbédg?fam téﬂ%n@‘%%cﬂ%rv'éﬂé‘bl@ne*f%éj§ﬁ%§l“" l?éc%u'sb df'fhé‘@hlq?l%e

ng t source slight -axis from _
requiremgerdta df ¢hm@me$é 0§, 110y o akampﬂmtomnlqperwlmmtys that

t el d
the BEGHAE faflins AP S MaiscEIERE BEGRbART oBbbiuB b botn
extethgVéudfackBgedd Bih UPtd the' &éﬂaﬁ@éltf@tw@dn thetelecentric aperture
mrror-|like surface the subject wafer. [0089] It is

anddbenearast stfase of Vp’-e@leﬁer%%ﬁ ﬁdemsﬂ ﬂ)Qow de a
[00§ﬂ| ecﬁ] dH é’:fnbgsiil?%{&ﬂtd.é’ 3’% d R&Ie ﬁ@&e? Qﬁ Inflethod 1prowdes

deo lensés to prow e Sys emW|

the fabmtydﬁfcﬁangeeﬂé\e nﬁagnlﬂrl)'%éﬂml of, tha obtledaldrr:a‘gmg nﬁysterfn ’EOI];UW changing
mm f or readin a nuneric serial punbers such as
a rejaliyely sraaltpphieal S%PtSYﬂE')tﬁ”t et ntie Prdigabsysten: iAsreording to one

em%%@ég r’tl‘?éa PYé@ n,bc‘gtloﬂkb\‘mlfnec Vgeﬁﬁ%éennféggi%pe& %&ﬂbﬂ%ng the rear
lensagro up elSf with 1|ttlemrtntemnpm1t eadbd emtignsysteat otber theat the desired

corre%\‘gndsto IIer field of view [0090] As
chapge 1, SslamIpggat C'f1 ' 949 patent teaches the

[0093]COr BP{1Rlyi &"bo‘ﬁﬁpér&%n%m %&ﬂ%&m‘i’éﬁtgfd'léﬂlé’séd RYein, if a

source wwthin the telecentric Optl cal i magl ng system
cony@uiosiabdasign app@adnis URedsto designsthesoptjsel tmaglegﬁyeiam 100, a

o3k 1 3 SRS e 50 B BRRE b fens

elerféntt DgriduHGlass Bypst BPeach teridelehicit arfPvatsuslihfckalesés and
the telecentric stop 116, the propertles of the | enses

spagipgs fqu@%lﬁnﬁelqmeat tdoweverg thertaraily & sadutipns for such a
conléAtRaNBLLBR dprdbdlsIn@ef#H8R. That is, the rear lens group 108 and

the front telecentric field lens 110 must be treated as a single unit if an acceptable
limit of optical performance is to be achieved. Following this design approach, if one
is to offer a similar system with a different magnification, then the rear lens group
108 of the second system would be designed to complement the telecentric field lens
110 of the first system at the very least. Alternatively, one could redesign the entire
system to achieve the new field of view. This alternative approach might be

necessary if the second field of view is greater than that of the first field of view.
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bet ween approximately 1 degree and approxi mately 2
degrees of the optical axis 111 while remaining blind
wa o00a/00k7aect refl ection of the |ighting el emeneGr/US2006/026649
Further, the properties of the | enses 108, 110 are
used to maintain the uniformty of this relationship
[00%agr 035 dnlezeraﬁd)cﬂmmn& | aehgbtlmcbd o mmmf 2984st, paris cblertnand
ose th the system disclos n the '949 t i
devdlpginephtmedndassy §asionts fed e masiao siiAnbs b8 fraaferger
fleldtcﬁ‘%vﬁ g@ge l&ﬁéﬂﬂa@nﬁi‘&ﬁﬁ@r‘?}tﬁr@f‘ a\- hisEMURSS ﬁn‘éﬂﬁé'ﬁeleﬂntnc field
| east optical “el ement” of the systemis made
lensslpi@clsfsuéfmle;ryuwIargaafopanyusabsaquwayetaradehgnnﬂme design is made
able "off .the shelf. because of the u
sepdtgfls PergrnG o eSiantiodahicn Sgd i idletBethods pat use
gené’r@dlﬂ éphéﬁémlduﬁf%’ﬁnd SohiBaectis {ebes et ises fanedgphetidcurve of
be a neniscus | ens having radii of curvature of
theﬂ@ﬂiﬂh external surfaces |less than or equal to the
di stance between the telecentric aperture and the
nearest surface of the telecentric field |l ens 110.
[0092] In ongyenbodi nent disclosed herein, a specific
design esdthe 461+ K + & YCHahlE t her 4,7,
magni f i ldafiod+df)ERe optical imging system 100 by
changing a relatively small optical subsystem not the
entl re optical system According to one enbodi rrent
he magni fication of the system can be varied

[Oowchgﬁm figt pae of &g abeyr eghaliny isgastandard Pl%%crrtpt'en ¢ & spherical
or cém%%&l&‘? IéH@eﬁtﬁfgc'er 4 @ﬁ%g{%@%&%ggﬁ?ng@ﬁe Géﬁbéleﬁ(ls ofa

ange in systemnmagnific
partmutqna:ur\zm rknewinhintthe aendsotSagenty'sis @i nadiajsimjarhm from thiefopdical

venti onal a ch i us o, desi t.h .
axis o 1P SRR eI B tadkis B v AT P dhe conic
Consffﬁh? tiSJ’l%rﬁpﬁé%T’asOfK ¥af 'fd’r%?aré@é’l'aé 9|f>WE‘OafbH(eﬂ|p§8fds K=0

each l'ens el ehent, various glass types for each |ens

for selhemhsurﬁams;/amd Kus Otfor ollatsselipseides s gaeisegiestforaredba

aspieitr oDl B Ry tng o 238 s ufltcnotibe 1Adial ftance to the

axis T8 ahe bdwel heddrRdéd hersagYOU I cHlgeaan ntdre fsedrih the coefﬂCIents
elecentric field lens 110 nust be treated as a single

AnYurstisiusedrin geeaikediment then dhe enultaat cpptuse pisdlens gising that
curvels %SII@(?EH%‘(/‘SH asl%ﬂHé’VWfrE)%tﬁ kHesoc?(ﬁﬁhQ%v?ﬁm SRCheed th&fhe curve
I's to oftfer a si ar systemw a di erent

and itive terisi wsihg) ¢hat cuh&ﬂstdwed earodceasplggreu A iidBe gentlad case of the
second system ng’l d be designed to conpl enent the
@éPB@'@r}'tsrﬂr@S"?nt@ €M®ns 110 of the first systemat the

[OOQ‘Gﬁr y dighsd et%'oh@rg‘é‘f\bﬂﬁll %on&gﬁcﬁeghgﬂé&@%?\?égﬁe&g&}ﬁ they are

tire sys emto achi eve the new VI ew.
genaiiallg expensive dp poomodrcially prodiscen eldewsuely itiwas Hetesmimadithat the

optigal EpPesitpbech MoVdPth AE Eiasinubhid oS ReERGReLB RoRPRITe
desigAStA mdAdd P p6IQHTEr ler®dccording to one embodiment provides a low-cost
lens with a complex curvature that allows it to be separated in design from other
lenses in the system. With a separable design implemented using an aspheric curve
on the front telecentric field lens 110, the telecentric field lens 110 can be sufficiently
well corrected and considered in isolation from the rest of thé system.

[0097] Independently correcting the telecentric field lens 110 permits the selection
of the rear lens group 108 such that it is independently well corrected. In one
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devel opment tinme includes designing the optica
i magi ng system 100 for a larger field of view (e.qg.,
wo owenosTegni fication) first. This ensures thatPECTES2006/026649
telecentric field lens 110 is sufficiently large for
any subsequent systens. Then, the design is nade
emiseaeabine eyr (g @bUEgI OBrinciudes cenimenaidl obdfssitige l@veds that meet

e Bt LB S O] B iR
SyStFEﬂ)B%F flflj%%\ﬂ?n ZaTima @Xw?lé%ﬁ\fldé Yatt 122 td cd¥eT the selsbted camera

I 't st pa Bove equation is a
senstraaddixctineeta |d|e8|gm1mmﬁpatltzt© dthi leading theceystemssop idefined

| f | t along the optical
Dot " GEOHH 0B 41 BBPUBNSKknown i n the arl as " Sag.

[0098] S A&n'eadhitle 8f §uaﬁ§¢eﬁémﬁ@ﬁe£ném§g+o@q 68 ns%nétﬁdws
curvature (reciprocal of the radius of curvature)

telegentgciméemaranddims imsystemstop at the fraptefrthelenrs. &ueh lenses

e o ] B0 e o s p S R BBL e S Gafhea wi

a p|ﬂ'||‘|1@le$©f t&rerfBumeflahbe. @Iﬁd@’% ng @es tdlsdaiic fl@rddeﬁle'ID)to be
Z as a function of the radial distance to th

Indlwsdua")t we{l errgetask using enAsedere fiest syrfage and QihP@/re@Uéﬁ'Gr?tlon of

g A8 TRl LA A 19 oleh B ntcations

canl offeredatheraby ¢he spticd ta@tprase asimgladpheost pllattldnetelnnent with

t he odd d e en n,are en the curve,
the P%E’i*%erﬂfs? the, F‘?a}%ce?"g“% g{?hdéenaﬂ 15&5‘% NRET OfROHHPQrC'a'
éﬁ?g ere i s presented here.
pnﬂﬁgggg%kggﬁfﬁnﬁﬁﬁtpﬁk geﬁg?all avoi d such conpl ex

[0099]r veld Vb bedwiauselp thoee Qemmgaﬂl«lymeﬂapeartthaé npany changes may be

e BB b RPSEB e FRLESEA abralBiof TN hsaplo rom e
und@ﬁylﬁgeﬂﬂﬂﬁ;ﬂegﬁf tReSipRanta. € Thess&ipe 6f R Beskarlidvaition should,
| ens "according to one enbodi nent provides a | ow cost

theretars, be determidegioaly Ryihedeliewingraieimg.| ows it to be
separated in design fromother lenses in the system
Wth a separabl e design inplenmented usi ng an aspheric
curve on the front telecentric field I ens 110, the
telecentric field lens 110 can be sufficiently well
corrected and considered in isolation fromthe rest of
the system [0097] Independently correcting the
telecentric field lens 110 permts the selection of
the rear lens group 108 such that it is independently
wel | corrected. I n oneenbodi nent the rear |ens group
108 includes commerci al objective |lenses that neet the
requi renents of having the appropriate focal length to
achi eve the desired system magnification, an inage
circle of adequate size to cover the selected canera
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sensor, and being of a design conpatible wth having

the system stop defined between the rear group and the
wo e@mvod7ens. [ 0098] An exanpl e of such a | ens POT/US1966/026649

rear lens group 108 is one that is telecentric in the

rear and has its systemstop at the front of the |ens.
Claipwgh | enses are sonetines cal |l ed pinhole | enses

because the front a re can be al.igned with a )
pi fhol e A imeGDg: sy SIP T Imaaig. 3 apfedorna H%n@ﬁépecular object,
thehﬁéﬁi?@%é/gte?nfcbﬁ{ﬁ?lsk 1s 110 to be individually well
t

cor usi ng an pherlc first surface and by
careeftelecselrieciernsn hatingi mhsufficiardly bepkerical osurface resiwh that the

I . 108 . f t
telegEntisdons R bstafialy ko FBribd Br A onBalpasd To | 0"

| owg %enﬂl@%b%@lhémgrﬁn %é%kﬁﬁeﬂﬁ@k@bld@:kﬂ@hf pefRcled from the

the telecentric fieldlens 110 and a variety

plangyraRectlagiobjraimdlile gliemndrg lighfrrefleeted degm ﬂ@ée@%btq)pq%through

Wi |l be obvious to those having skill in the
the[aggﬂﬁ}]eataﬁquany changes may be nmade to the details of

t Eea ehg\geou#ehavnnbedsymbmbtﬁfp lﬂ)bﬁlﬂWhéﬂ dutettwdemt[rréh tet@cefntm:rstop
t he under rinci s.of the I nventlon e
andghetlggs afqﬁ% & [ansaplipeinaikstantallyaasiested or the s optical

abe‘?;%‘n%h%&%% P%etﬂe?eée‘l’iltr}@h@'(r}eg clains.Clains 1. An

gl ng system or I magi n efect on a planar
specul ar Obj ect, the imging syst em conprl Si ng a

t el ecent ic.Iens havi n suf fi tl her
e s imatiag Srsent el B dy ek chriigRig & &amera for
imagm@%h@ HlaRar érbéd@l'lafr%ﬁj@éi thugAthe @élb@éhtn@beﬁg ahé ‘i’élecé‘ntrlc stop,
el"ecentric StOp i nclud I nNg an aperture thereln

andothed&ns gegup.ref | ect ed from the pl anar specul ar Obj ect
while allowing light reflected fromthe defect to pass
through the aperture; and a | ens group having a system

st @ posTHd mwgingeys\eﬁnot tlgint 2lvelterein the cdrmeraadsnplises a
| ens group, the Jens group bei (,r&ﬁ\ﬂSUbSt antially

congRipmentary m%tﬁl-pwéle&ﬁm@amd%@'r P sengependent  of
the telecentric lens. 2 . The imagi ng systemof claim
1, further conprising a canmera for imging the planar
spetul arThevinesding By steghof tlain &l veloereir the ieying shetem has a

t el ntric stop, d the | ens group. 3. The i maging
depé@@?%iﬁ%fofap&r?fﬁ@a\?@qwéhn%e canera conprises a
conpl ement ary netal - oxi de sem conductor (CMOS) sensor.

4 . The imaging systemof claim3 wherein the imaging
sysi.em hiee inaging system of claim 1, wherein the defect is a soft mark.

6. The imaging system of claim 1, wherein the telecentric lens comprises

a molded polymer.

7. The imaging system of claim 1, wherein the optical aberration

comprises spherical aberration.

8. The imaging system of claim 1, wherein the lens group comprises a

pinhole lens.
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depth of focus of approximately 10 mm 5. The i nmagi ng

systemof claiml1l, wherein the defect is a soft mark.
wW®200Thes7uragi ng system of claim 1, wherein thePCT/US2006/026649

telecentric | ens conprises a nolded polyner. 7. The

I magi ng systemof claim1, wherein the optical

aber, r at iT(h@ irgng systespdfesiainall, faither sbmpnising. a Sberce of

. i.m stem of cl.a erein the |Len rou .
lureigaen SastiansihindbEn e P Sphey P gbEr et axis of the
telebb iR dns.f urther conprising a source of illumnation
p03|t|oned to illumnate the planar specul ar object
along an axis of the telecentric lens. 10. The i mgi ng

laim9 t h f il uni.nati .
oY oA eStBE S dahl B BREFSR 8L shli R ior
corrﬁmsbtsltwa dtrRgRScdideRtlo arkdys gyt EReitting Evaés MEDs).
claim 10, wherein successive concentric arrays in the
two or nore concentric arrays of LEDs alternate
b £ ,
e en 1 B AR SEeTY das TR LB dqpponiroarays

in tHeetvies eNtriore c@ﬁc@mrls ateykfof € EDg dihbatd betcendoairy itaregentially
conpri si ng; first C|rcular array of |IIun1nat|on
arrasged g meziwg%raemﬂ with yespach tq @§,98Fﬂ°? GeREE Ay
point, the first circular array located at a first
radius fromthe center point; and a second circul ar
ar ri@y ofA tdlécantriabheaxis darkdiek G'r@/hlagé@ﬁr@w@@riceb abmprising:
with. r ect to the center point, the s ircul ar
ar eyl Skaiienatey & UDEURRIQrLSRUGes AANGRA FadiR It reSpect fo a
cenfé)r‘ ﬂHmt e fle'F%lra_&Pépa}r‘ag N datéd ﬂ?é('fl?ﬁ r@ﬂnu%'fﬂirﬁ‘tﬂ@ center point; and
rther conpri sing circular array o
i | lauséenitd @rctéamrc&sso{amuwwnrwrws 9rremg¢1d fangeadially with

reoh8 1 50 RhofR P frBSee BhE o A A 196424 A 2°cRfoTeatus rom
the lce@ifdriptgntdevi ce of cl a| m 13, further conprising a

fourth circular array of illum nation sources arranged
tangentially with respect the center point, the fourth

ik FOAIGR el S A iR e

circlitar ankzgr ¢f mlurhhﬁltlsamucbers%rawgedsrddmmyamth hespechto ther snter

radi us. 16. The T ht f
oIt ec i Hiouldh 3Ry 12apied 4L T oF LerEom ihG caBiEs peint.
radi us.

14.  The TOAD lighting device of claim 13, further comprising a fourth
circular array of illumination sources arranged tangentially with respect the center

point, the fourth circular array located at a fourth radius from the center point.

15.  The TOAD lighting device of claim 14, wherein the second radius is
longer than the first radius.

16.  The TOAD lighting device of claim 15, wherein the third radius is longer
than the second radius.

17.  The TOAD lighting device of claim 16, wherein the fourth radius is

longer than the third radius.
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17. The TOAD lighting device of claim 16, wherein the

fourth radius is longer than the third radius.18. A
woreaohoeB7inr al i gning a tel ecentric on-axis darRET/E5106/026649

(TOAD) lighting device with a substantially specul ar

surface, the TOAD lighting device having a plurality

of concentric illumnnation arrays, the nethod

C helBroach Fhefhof g elSIeba Joidcat Gisyeers SREER K GAD) lighting
deﬁée{)@fth%%%c?‘sftéﬁ%llﬁo g%rasaﬁs QBe'm/@DSl@hPﬁgQi%Vlb%%0|

y re oma irst sid i mage o
plutatiey smdeatncsdmmlorrwcw;sd1h&gMdhho<hdpmmrieMgangl e of

i nci dence as a first .nmeasu it he, an
of R 3% aDale e hoPRacH bRMAS e TR Heiad A fnd an
obj@@d pﬁéﬁe M amest dire@fioR RIPEFAN BreH 6ﬁﬁ€ér%@ RigHtRsRseibstantially
first direction until the area of intense

renmegirfrmsasﬂrsé sisletaftaanimagel of the speedlar suffeee;second si de

© IR e il SRR ot Heidalebia iR demang
andadjesignnel Agylenf #dideee igken dhe MMADdhtng demb@nd the
first direction as an approxi mate difference betwe

obieGeplanG it aFERDAFLMEECHHIAS RAMPataship eSSt GrRFtion Wl the area
of J@%sg%tr@gl% s lglsﬁbaa%%?%%@vﬁ ﬁgﬂn%gég&]d Qﬁgac?gff ibge of the

devi ce an
spegjarcurfalcane conprl ses: sel ecting an i nner nost

concentric,i t|on and adj usting an angl e
o TEROICIRG Hie IRAUNR0 AR brHBEEe B8 rrsradniisasiient, and

'TLL‘”"%?ﬂ“ J?gg ﬁramgxeaaﬂgrenﬁ inEMEhEd ﬁﬂtthag.réiwe%ﬁon 2Q-an

I'm 187 further conprising: adjusting
apprbmrrmtgIobﬁ@encabedmmthﬁeﬂmbmasheammnd et $eapnd
devi ce nd an object plane in a second direction until
MEARYreL i ntense brightness is substantially
renoved fron1a third side of the inage of the specul ar
surface; recording the adjusted angle of incidence as

a t‘rﬁird Teasietbas of claim; 18s wheseinasustinoeherangle phissidence
bet%%te MEDJ@%@ %;'d%t} fdeYh LRS! 4 nge&gngaﬁé“é? ?n@&é pl ane

pOSI ection as co second

di regléttinyg aninderhiost soreentfic illntrenatiorbargyitaress i s
substantl ally rerm ed froma, fourth side of the

of 2Yiestippaneaglelingidence bebresrmhya RECHBAR %10@6{7% fiumination
arr%%ﬁ& tiod m%sﬂﬁﬁ%gév@ef ourth measurement;

eterm ni ng-an Igned angl e of |nC|dence for the
second direction as an

20.  The method of claim 18, further comprising:

adjusting the angle of incidence between the TOAD lighting device and an
object plane in a second direction until the area of intense brightness is substantially
removed from a third side of the image of the specular surface;

recording the adjusted angle of incidence as a third measurement;

adjusting the angle of incidence between the TOAD lighting device and the
object plane in an opposite direction as compared to the second direction until the
area of intense brightness is substantially removed from a fourth side of the image of
the specular surface;

recording the readjusted angle of incidence as a fourth measurement; and
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approxi mate difference between the third neasurenent

and the fourth neasurenent. 2 1. An inagi ng systemfor
WO pwgiongy4m sem conduct or wafer, the imagi ng SyBCEIS2006/026649

conprising: neans for illumnating the wafer; means

for providing an image of the wafer to a sensing

e fderndinitVg afl QIQ;r@dSér@%'lé%f hiRliduhcaebr tredsdvordl diredtioncs an

bet ween the wafer and the neans for providing the
approvigeta difierencscheinegnitba ikird se@speangnt aird g uUsihni ng

focus of the i mage when the working distance changes
me%ﬁ)’&?mgni'ange of approximately 10 mgn 22. The irmgigng

systemof claim2 1, wherein the nmeans for

illumnating the wafer provides darkfield, |i ing. . .
52 1The AERAGIRG Sy See amaptIon SemCanbEe ARG e dnaging
' i nating the wafer provides telecentric
Sys{c?ﬁﬁ é’wy‘g‘é@?fi el'd |ighting.

means for illuminating the wafer;

means for providing an image of the wafer to a sensing means, a working

distance being defined by a distance between the wafer and the means for providing

the image to the sensing means; and

means for maintaining focus of the image when the working distance changes

over a range of approximately £10 mm.

22. The imaging system of claim 21, wherein the means for illuminating the

wafer provides darkfield lighting.

23.  The imaging system of claim 21, wherein the means for illuminating the

wafer provides telecentric on-axis darkfield lighting.
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