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Appl i cation Publication . . .
substantially specular reflecting object there exists a very large class of objects for

which the surfaces are neither substantially Lambertian nor substantially specular.
For these objects, the amount of light reflected from a light source to the observer or
sensing device depends both on the intensity of the incident illumination and the
angle of incidence.

[0005] Designing a lighting system for imaging an object entails directing a light in
a specific direction, generally toward the object being imaged. The usual way to
accomplish this is to point or aim a light source in the direction of the object. This
aiming can be quite involved. For example, U.S. Patent Application Publication

No. 2004/0141175, filed as U.S. Patent Application No. 10/616,548 on July 10, 2003

by Baldwin et al., presents an example of aiming light sources such as light emitting
1



No. 2004/0141 175, filed as U S. Patent Application
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the second beam of |1ght such that the first
emitting a first beam of light, a second light source for emitting a second beam of

light substantially parallel to the first beam of light, and one or more optical elements
for redirecting the first beam of light and the second beam of light such that the first
beam of light and the second beam of light converge at a desired location.

[0010] In one embodiment, a method for illuminating an object includes emitting a
first beam of light, emitting a second beam of light substantially parallel to the first
beam of light, and redirecting the first beam and the second beam such that the

beams converge at a selected location.



beam of [ight and the second beam of |ight converge at
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parts such as semiconductors is limited with any error reducing the efficiency of the
overall production rate. An illumination device, according to one embodiment,
reduces errors in inspection associated with illumination and thereby contributes to
the overall efficiency of the manufacturing process.

[0018]  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
the embodiments disclosed herein. However, those skilled in the art will recognize

that the embodiments described herein can be practiced without one or more of the
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reduces errors in inspection associated with

illumnation and thereby contributes to the overall
wehbirgogrsy of the manufacturing process. [0018¢T/US2006/026685
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a Monte Carlo ray tracing. A Monte Carlo ray tracing involves the use of a random
variable package which creates Monte Carlo ray tracings. An example of a software
package capable of such mathematical modeling is sold by Lambda Research
Corporation of Littleton, Massachusetts under the name Trace Pro.

[0022]  The light source 114 includes a first illumination device 118 and a second
illumination device 120. The first illumination device 118 and the second illumination

device 120 may each comprise, for example, a light emitting diode (LED). The LEDs
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reliable than a single rigid planar PCB.

[0025]  Placing the first illumination device 118 and the second illumination device
120 on a single planar PCB (not shown in FIG. 1), according to one embodiment,
requires that the respective light rays 123, 126 be redirected so as to converge on
the object 116. A beam of light can be deviated by a prism through an angle in one

dimension. However, conventional prisms positioned proximate the first illumination
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to not interfere with the lens arrangement 112. For example, in one embodiment, the
PCB 212 includes an aperture that allows light reflected from the object 116 to be
imaged by the lens arrangement 112.
[0028]  As discussed above, the first illumination device 118 and the second
illumination device 120 may each include a single LED or an array of LEDs. The first
illumination device 118 and the second illumination device 120 are mounted on the

PCB 212 so as to initially project light substantially perpendicular from a plane
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of annular facets. [0027] FIG 2 is a schematic
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b8P 41 BTt oSBT Y ORFERS Fone
prisef 246 cothpiriserinjebtiom hjciddd EisnePphems MaOee ﬂ?%émed@M P have

8 As di d ab
mahy SHET Eessn, Gewrsgraats iuand doxbeordoweyeifiawboiacets are
us@@Véééh 3y i'@bél@c%w I'a rugR @orﬁb@glvﬁt&ggfgbgﬁgt@ﬁ@ag such that

. The first m nati on devi ce
p”§€l§o’=¥1ﬂ4 i 16uarerrigid anddaeverzé nilithedes thwkntlﬁd)n@remb@dlﬁ‘@lﬁt the

Frési Mol B, Fiedidve $EHEIEs ot apbrurRg ey 1t Empubh facets
co?rﬂoi‘mn'ﬂ@pﬁr‘oﬁiﬁrﬁaté?%él?ofztﬁ@ thicRifedd1CE HELS esgrufchfr tl? sufficiently thick

Fresnel prism 21 ositioned so as to r
to pedigid ﬁa9§etf§ypﬂ96mgt\m@eﬁ Mmosinted by thenaoviners.dbvother éd®odiments,

t first_d
LIS Eralhg ™, 18 b8 biknebbiia TebSebolikatarndumately 0.1
mrntesnd approxinatslyl2fmnhr om t he second il lum nation device

@?03 onto the bj ect 116 fromthe second direction. As
[0¢3W. Qéﬁ‘ea% @ '”i“?fg thegrresneldqrrisnme 214,216 incluste ¢lear, flexible

e .as to
poglgmyg@ogﬁ% s iﬁﬂt Efé/rrr]'rg&%lé C tér&?@ iiade gffests. The
shests eoimpise, a Beeesﬁ of snnaFFlpesmsl atngnezmvﬂﬂ‘th@iﬂdpéhﬁné@f@éﬂantlally

pag{llgﬁne' F %216 Og %Q)Srﬂézinlzg gg,gw%ﬂ%ﬁ;g;gg gisglosure
hetdi® tht ltﬁéfﬁrsi“F‘?eér’ﬁélrbrFéﬁﬂjﬂ 4 8x4 *ﬁh@s fésqe'l Fnér‘rﬁvﬁ% may

facets are used, each facet 1Is re ative
CORIBHES ﬁé'ﬂ@'?frésﬁﬂwm apd/onoay lee faroted dnaa smgle plastitbsheet, as

d [limeters thick. In one

rop e A i PR 2 BV BBk AT 574 216 have a
[0031] ck NidmsFiefsnapprisms 2a4eb Y6 Yefedithaviibht .fa%eltz% 128 to achieve the

L Si n% ag'pgr?%él mately hal f of the thickness
sargle:ﬂ?g@(rgg SOy easdhepgh the st illumination device 118 and the
second illumination device 120 were not planar but tilted toward the object 116.
Using the Fresnel prisms 214, 216 allows improved or optimal lighting performance
to be achieved with the first illumination device 118 and the second illumination
device 120 mounted on the planar PCB 212. Thus, the humber of electrical
components, assembly time, and costs are reduced as compared to using multiple
PCBs. Further, an increased reliability is achieved by virtue of fewer interconnects
between multiple PCBs.



to be rigid and self supporting when nounted by the
corners. In other enbodiments, the Fresnel prisms 214,
waz6eo7hasmw3a t hi ckness in a range between appr oRCHAIS210$/026685
0.1 mm and approximately 5 nm [0030] In one
[@ﬁﬂbdl e one enisodimesitehe firstdiimmination AéGickniclgusaed Heesoond

p heets that are
i Xalfti%lé?gd %ﬂ@%@%w@%l&? rsg?lt@%t%§%0%%b§@ﬁégo§3Estantlally
SURERd trﬁ@o@ﬁeéﬂ1@8H@0ve%€ﬁ'dhaﬁgia§gfthea&w& %&" %qui%%% the

apex |ines substanti al on a
W@'ﬂﬂfpﬂ distanee bta’iwaemtlsahgm Sdurcedcbgmnddhé myndth% and/or changes in
t hat t r| sm 214 and

th?hszfésgﬁtﬁrﬁgc’bﬁ?e‘%e'r?@l MAY e g‘i‘ E?é{ﬂ géﬁ%? F @%,I NgY 4yaltyy.eFor example,
toBmesdtediverdeneansy pssUTEN lf‘gﬁt Bé’lgﬁglgaéégg ﬁaGrgi FﬂJ lﬁtlg f@/%%@nce may

heet, as represented in
re?@'ém dﬁﬂépﬁ)@ww Thuiss imsores ambadnerdf Ineadditiove td beihding or

regg&t?thrnglg;‘_lht ﬂﬁ%& He @%Plnﬁﬁﬁﬂéq% 3%\{{0%3?5 %%g%g}f;gﬁ% ﬁ@:‘?ﬁmatlon

des/imeoh2D, ithé umangémwoﬂmu@ﬁt £240jueted t@@tro;%rwﬂrﬁ&m%&te the object
11?Ited toward the object 116. Using the Freéesnel
1

4, 216 allows inproved or optimal |ighting
[008sf or Frélnéf‘aﬂﬁﬁlef EI@C.}?? Y ggh%unc HE&F o'nlp @Je’ﬂ‘nl ggléelljgrlnga evice 300 for

devi ce 118 and e secon m na
degirasingidiyargeneepfatave RUR) Bgit rayb ascordigy musReen®odiment. The

mRQ oy G sAERBIE 3 brof Sphge lerepl 1 Pesafowentagedirect and
deeredsectheaprsigsftd @PH% ttém'tt@d"i‘t‘b'?h fﬁsﬁ@%{x%@@?&rlﬁe 118. The

fewer interconnects between nulti
imggingedaying $RMalsotineluties etsadohd dptieal elemaet 3¢ 2 cbhfigared to

N L A S
deilmpekzo 1A% artidanevid recsding Bsni ihe@@cl%&’r%ﬁ%@ﬁlemﬁt the first optical

es i n the worki ng[ di stance between t
nt% 10;3nd H}?dSQ%’é‘ isel elergnt 3i@/roay chenpyies a smgleeunlt rather

116 may result in a reduction in
thﬁ%&é drd ?eﬁ ty or exanpl e, too much di vergence nay

| ng
[OQQé&ul tImormeI ergbbdhmnﬁ,gthwd&kt%bho@héleh%t|3|1btérﬁi the second optical

|t dark periphery. Thus, in
el R riHe & FRMAA el 4 BosbvRIFFRPNS) lansuindsa fresnel prism

hatihght sdt’gy "l'ééél? of vaMnoge %ng n%'ugml@efg (Z;?tgcéaﬁggerﬁggﬁtpﬁg and the

second il lum nation

segqnsheptical glgmu%ﬂté’dl&@eﬂmcbb@lnﬂ fpomlthel ﬁrstaitwmhbﬁo@ﬂbel@b 118 and the
a schemati c di agram

%@rﬁaﬁb&ﬂnﬁag%oﬂ gooer(y é({?xigé) 468P ‘FQ} Vea'e 59‘@%1@3@1 aPiget dthce of
[0035v eruititig eixaaiple, 'th¥ Dbfstt 814119 8hbRe PR8N AR 8Hid® U6 shdn in

FIGS. 1 and 2. Thus, the first optical element 310 and the second optical element

312 respectively decrease the divergence of the light emitted from the first
illumination device 118 and the second illumination device 120 so that excessive
light is not wasted. Other embodiments for decreasing the divergence include, for
example, positioning a positive lens or positive Fresnel lens in front of the Fresnel
prisms 214, 216 shown in FIG. 2. An artisan will recognize from the disclosure
herein other embodiments for decreasing the divergence.

[0036] FIG. 4 is a schematic diagram of an imaging device 400 for increasing

divergence of converging light rays according to one embodiment. The imaging
8



I magi ng device 300 includes a first optical el enment

310 configured to redirect and decrease the divergence
wohodrigstssemi tted fromthe first illum nation BEVIUS2006/026685

118. The imagi ng device 300 al so includes a second

deyice 40 indledana figt Degative gmsemh(l pos@@hercgrdlatwwto the first Fresnel
t emtte

PRI 7 ad BhRRGRNGed the Johugmited e tOF first flumination
deeEO YN Z Q’hfeﬁmé‘tgir@%éihééhgé B IHEF 8 o %nﬁﬁf‘e&e&?ﬁeﬂszmz

optical elene and the secon opt1 cal
Pafitionashislative ta the ﬁgC@dJﬁrQSne;hphsn 21?6a$’o aswo addailvﬁrgence to the

o A5t BB RERBER L Shh il iz
the@h&tﬂd&ﬁem@@ﬁbhé‘t&hwiﬁsmeg%tlﬂé%ﬁd ¥€0 Ehé%@Bebmn@@&lve lens

gnFresneI prismhaving a set of facets of varyin
'@wsconmﬂﬁ@ a sigle lenstraiher ﬂm tves) eemmtesl;emam t he

OBSPE S 5k A, A6 W Sbid Ol i o o e

118 $howmat FIBS degnd@. TR{us, Gﬁépﬂf‘etﬂlr‘éﬁlrbésnbpléﬂé‘isl4aéhd the second
eﬁ t;EﬁﬁiIiOOL%]Jnthlsexa npl e, teob4e0t3

Frénasliens eAaeRe §tj0bt Peams tawsimhthenotrecist ﬁtbﬁtﬁrﬂ negative lens

4104 tHe"@ed‘dnH%e%Tgé s £ &c? P@s&%cﬁ%&x%@g dé\l?%ﬁéﬁge? t0 the beams so

optical el ement respe
th«‘dﬁ therligbhcevers théentiieghitieeird 14. e'ﬂo tddrdivdrgehcd & the emitted beams,
ac tﬂu& at| on devi c 118 and_t he second Il lum nation

sattid 1 apoler emnodiments e, st Pggativeslens ¢ 1Randkihe second

negaties T8 SRMNeHIdRY ieF bREDY %r%rb@ffl?ée\fgr ﬂ‘?gﬁ&her embodiment,

I ncl ude, for exanple, positioning a positive
divesgenesy is Fdashiol the engitted beaorst using aimedaties Feesme| |Iesmsscomb|ned

B ORI VS o Rl AR e SRR o Freane
prldmrﬁmanplbea?mlbgﬁﬁéfﬁgb@%ﬁﬁb él*\ft% frees‘hél Bri®m 214 may have a

SuffﬁE‘f" éHE?WS%I 3 é’éfﬁtséorbmoé‘iﬁﬂ/@?@thﬂﬁldeqlwos@&e Fresnel prism’s

Fo P B P wA o IRE A e de5os TPELPRITHLIE ifbhipents for
addmgt dieerigense t&theskght beansan 214 so as to add di ver gence

h d,f f [
(04 ot wiBS oRilobii thrs&hata Sl tesertihalimany changes may be
maRCHe RIS éﬁhé%‘&%véid%sﬁ%éd bR dﬁ@ Rl ‘deb?ﬁmg from the

second Fresnel Prl sm 216 so as to a I'vergence
ungerying grincigtas efdbiefimentione Hecsoapel ofl theipnesar maiioneshould,

ze fromthe disclosure
th éfr&é?ﬁﬂ?ﬁé{erﬁlhﬂ%%'}'ktbyﬁﬁag&,%ngg M%10 and the second
negative |lens 412 may conprise a single lens rather
than two separate |lenses. [0037] In the exanple shown
in FIG 4 , an object 414 is |longer than the object
116 shown in FIGS. 1 and 2 . Thus, after the first
Fresnel lens 214 and the second



Fresnel lens 216 direct the |ight beans toward the

object 414, the first negative lens 4 10 and the
weeowrdsmagat i ve | ens 412 respectively add di vecgaseme6/026685

to the beans so that the |light covers the entire

ct 414. To add divergence to the emtted beans,

accoy di ng ot her . enbodi nent., the first negative . )

| eng{ '410 %‘ﬁﬁ“?ﬁ'@%ﬁe Uit 0555*&?% pemécandsictgre, themagiy device
comprisiggre or nore diffusers. In another enbodi nent,

divergence is added to the emtted beans using a

negd8/@r MeEs feagingdensiminagimgvighh reficetess frein am bbject;

In ioent, a diffuser is conbined with a

Fr eg{]ngfaﬁgh;@gn@?% éxanpl e, a plastic sheet supporting

t he i tight uursenaRadhetiio thavfadarssifduatdasg t abl e for
light diffusion nolded into the side opposite the

Fr eh®8CHId ight sopiErecatiachad taithe planaricircuit boathi ze from
Sadhs . ot o
i v ISE EeHer plEh Il b flo IR PRETRIE st fonegidtoward the

obgewt ifiouns atfirst dicsationasndg skill in the art that many
changes may_be det?t e details of the
[

_ h
abok® Fissgebrisn fertitecting dightifromdbgrascagd figbhseuree toward

th@@ﬁﬁrdt%ﬁgag@bgﬁa@ﬁrgai ~the invention. The scope _of
the present invention should, therefore, be determ ned

only by the following clainms.Clains 1. An imagi ng

device T qhdins gﬁrgé idgﬁigge?ic%ﬁ}qg%t rsrhcéq?rgr,iérrlrg? Irsrge%sing element

devi¢ce conpr

for reegivirgy h dhhge ofF Hecobsjdcf frei tAE Pk cﬁ‘%breaiﬂgog?f;ﬂ%’fet s

circuit board; a first light source attac
planar circuit board; a second |light source attached

to the pl I L ' first Fresnel prismfor

ai v &eti g T EEg YebieR ® e, 1rlier st aang Bieadoe Hlement
fordbgreesiny divermyehicedh tith ligntdieatedrind atlesseond of iHSMel Fresnel

pris {or directing |ight fromthe second |ight source
P“?%%nr% hesecdddciesPelpi®N.second direction. 2. The

i magi ng device of claiml1, further conprising a

sensing el enment for receiving an i mage of the object

f r ofh t he Thedmagingdeviceraticlagn 13e mdherdin theeptioalgiegent is selected

eyice of claim1l1, furiher conpri.si an aoptical
frof et il atiafiereA gBaelive fehsnanf Fypeative Frosnel fens.
directed by at |east one of the first Fresnel prism

and the second Fresnel prism
5 The imaging device of claim 1, further comprising an optical element

for decreasing divergence in the light directed by at least one of the first Fresnel

prism and the second Fresnel prism.

6. The imaging device of claim 5, wherein the optical element is selected

from the group consisting of a positive lens and a positive Fresnel lens.

7. The imaging device of claim 1, wherein at least one of the first light

source and the second light source comprises a light emitting diode.

8. The imaging device of claim 1, wherein at least one of the first light

source and the second light source comprises an array of light emitting diodes.
10



4. The imaging device of claim3 , wherein the optical

el ement is selected fromthe group consisting of a
wdi2bd7uegrs3 a negative |lens, and a negative FreBaelUS2006/026685

lens, 5. The imaging device of claim1, further

conpti si @dawfléb?mgiighébemﬂsingor decr easi ng

the 3 S0t 0ub e ras P ahiri AT BCadlofliontr enel pr i sm
6. Ehsedomadight sderdecier 8mittihgiabondii=hh bf fiﬁlgt sg.&%gé?ﬁfally parallel

|l ement is selected fromthe group consisti
to@&f'ﬁtbﬁal‘%?fs}'gﬁ'ﬁcﬁ@ positive Fresnel lens. 7. The

i magy I.C ' inoat |lea one of the

e arebrafittecSnRal ElthEnts so sl e fEbhee oront aha the
secomgp bearsofdight ghth emittthé figst bearteof fyht HHRl thERGBED beam of light

device of cl.aim 1, wherein at | east one of the first
conyefige alqudesireshigcati@n.second 1i ght source conprises an

array of light emtting diodes.9. A darkfield

ringlight conprising: a first |light source for

eni t10i ng Thefdarkfieldemulighit ofi it 9, avseeandt leiaghén?gﬂﬂ'feeﬁrst light

for emtting a sre%?nd beam of |ight substantially
SO et??(z‘ﬂ'?g WINF SPUISELATRTISESFHIS Oimgre ightemittngdiodes.
optical elenents for redirecting the first beam of

l'ight and the second beam of |ight such that the first
bealof Thgstarigirid ringlightadrothitmed nwivdrein (et ore 0N RIOBE optical

i r tion. 10.. The darkfield ringlight of
ele?v%ﬁgncgﬁ%%% Fed eﬂ%%%’f‘- one of the first |ight
source and the second |Iight source conprises one or

more_light emtting diodes. 11. The darkfield
ri ng?i ght hedagkiigldniogligitef slaimt e wherebr themmne opmbeabptical

ol o P 37 S0Pl it k2t Pt B gpm and
thee$enomdtizeans. configured to i ncrease divergence in at

| east one of the first beam and the second beam 13.
The darkfield ringlight of claim12, wherein the one

or re ' i : ' nent ..
o g%'t edplf% 'g%ﬁ%fﬁgﬁ fgﬁ@ﬁ%ﬁ é)fcf) E?ﬁ'ﬁtelrzh gﬁ{o@f%i'gs‘tﬁ? fo?%SoZIJrr,%o%? optical
elemayds further sesprised an elegenit eeleEtezsien thersoud éondibng of a

. field.ringlight, of claimll, erein the one or
d'ffrﬂrg%'}; aorbﬁq%gé{? I%F%%éﬁt%n?gatév&n?f-ﬁeéﬂﬁﬁ{gnﬁo reduce
di vergence in at |least one of the first beam and the
second beam o _
14." The darkfield ringlight of claim 11, wherein the one or more optical
elements is configured to reduce divergence in at least one of the first beam and the

second beam.

15. The darkfield ringlight of claim 14, wherein the one or more optical
elements further comprises an element selected from the group consisting of a

positive lens and a positive Fresnel lens.

16.  The darkfield ringlight of claim 9, wherein the one or more optical
elements comprises a combined Fresnel lens and Fresnel prism having facets of

varying angles.

11



15. The darkfield ringlight of claim 14, wherein the

one or nore optical elenents further conprises an
weheirmag7esel ected from the group consisting of PAT/US2006/026685

positive lens and a positive Fresnel lens. 16. The

dar k17.el dTih¢ dgtkfight ringlight af olatm Qg\ﬁﬁmﬂmrrcmhmm;ﬁ@ aQJ“rcwt board, the
tical elenents rises a c d Fresnel
B Pl R % S e el e 63 basgumigd to a planar
s@feteest the ciréhigpdarkfiel d ringlight of claim9, further
conprising a circuit board, the first |ight source and

the second |ight source nechanlcally coupled to a

pl an sujf f e circuit board, 18. met hod,

Pl U8 nach aiad i) Dfriidthd dn.oRBA¢ thsBisthodgomprising:
eni témhtndaffirstdedpeamight; | i ght; emitting a second beam
of light substantially {)Iaral lel to the first beam of

| i gHeMitingiasegppe beppyot light substantialhnpanadiet todhs dicstrimbam of light;
a,fr‘geam such that the beans converge at a sel ected
ocation. 19. The nethod of claim 18, further

corrpleds'ecltglg iherferashbeamtdm tewecgribeant sadh tHRdste Béﬁms converge
the first. beam and the second beam 20. The net hod

at& selpgierhe@atiqhyr t her conpri si ng decreasi ng t he

di vergence of at |east one of the first beamand the
second beam 2 1. A light source for a manufacturing

:c nsp‘tlﬁ:f]I i orhesyettead of tlainh |1@hturthglucompa:nelnTylhsrm;r}g@émﬁvergence
|rec re su ntially paralle
Of@gg\?%&(%elq E}F\‘? ﬁfsg:%? HB? BRGONGPEAM; naged; and

nmeans for changi ng the divergence of at |east one of

t he beans of |ight
The method of claim 18, further comprising decreasing the divergence

of at least one of the first beam and the second beam.

21.  Alight source for a manufacturing inspection system, the light source
comprising:

means for redirecting two or more substantially parallel beams of light toward
an object to be imaged; and

means for changing the divergence of at least one of the beams of light.
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