ACHIEVING CONVERGENT LIGHT RAYS EMITTED BY PLANAR ARRAY
OF LIGHT SOURCES Related Application [0001] This application claims the
benefit under 35 U.S.C. 119(e) of U.S. Provisional Application No.
60/697,651, filed July 8, 2005, which is hereby incorporated by reference
herein in its entirety. Technical Field [0002] This disclosure relates to
illuminating objects with convergent light rays. Background Information
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the incident illumination. An example of a Lambertian object would be paper,
which can be adequately illuminated by a single point-like source of light.

[0004] If an object is substantially specular and the desired illumination is
bright field illumination, then the light source will be seen directly by the observer.
This can be accomplished by placing a camera at an off angle which is the same
as the off angle of a light source in so much as the angle of reflection on a
specular object complements the angle of incidence. In such a case the source
itself must have the characteristics of a Lambertian emitter and must encompass
the projected field of view.

[0005] Between substantially diffuse reflecting Lambertian objects and
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.



[0006] 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
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Summary of the Disclosure

[0008] Thus, it would be preferable to mount the light sources (e.g., LEDs) of a
darkfield ringlight on a single circuit board to reduce parts count, cost of parts,
assembly time, and assembly cost. It would also be preferable to increase
reliability by virtue of fewer interconnects.

[0009] In one embodiment, an imaging device is provided for inspecting
semiconductors or other objects. The imaging device includes one or more
imaging lenses for imaging light reflected from an object and a planar circuit
board. The imaging device also includes a first light source attached to the planar
circuit board and a second light source attached to the planar circuit board. The
imaging device includes a first Fresnel prism for directing light from the first light
source toward the object from a first direction and a second Fresnel prism for
directing light from the second light source toward the object from a second

direction.



directing light from the second light source toward the object from a second
direction. 2 [0010] In one embodiment, a darkfield ringlight includes a first
light source for emitting a first beam of light, a second light source for
emitting a second beam of light substantially parallel to the first beam of
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Brief Description of the Drawings

[0014] FIG. 1 is a schematic diagram of a conventional imaging device.
[0015] FIG. 2 is a schematic diagram of an imaging device for achieving
convergent light rays according to one embodiment.
[0016] FIG. 3 is a schematic diagram of an imaging device for decreasing
divergence of converging light rays according to one embodiment.
[0017] FIG. 4 is a schematic diagram of an imaging device for increasing
divergence of converging light rays according to one embodiment.

Detailed Description of Preferred Embodiments

[0018] In one embodiment, light rays are emitted by a planar array of light
sources and directed so as to illuminate an object under observation. Typically,
although the present disclosure is not so limited, the planar array of light sources
may be employed for the automated characterization and/or inspection of
manufactured parts. These manufactured parts include semiconductors. Classes
of semiconductors may have a nontrivial bi-directional reflectance distribution

function thereby presenting varying illumination properties from Lambertian to

3



although the present disclosure is not so limited, the planar array of light
sources may be employed for the automated characterization and/or
inspection of manufactured parts. These manufactured parts include
semiconductors. Classes of semiconductors may have a nontrivial
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arrangement 112 may be of any construction including conventional and non-
EBH\)H}?}%?%H%?%J(Q/%@P% RS RhGEMER 119 A5 p&tardemeRt 112,

and a light source 114. The sensing element 110 may include, for example, a
charge coupled device (CCD) or a complementary metal oxide semiconductor
(CMOS) camera. The lens arrangement 112 is configured to provide to the
sensing element 110 an image of an object 116. The sensing element 110 and
lens arrangement 112 may be of any construction including conventional and non-
conventional. For example, the lens arrangement 112 may be telecentric.

[0021] The light source 114 is positioned to illuminate the object 116 from two
or more different directions (two shown). The light source 114 may be positioned
such that each point on the object 116 is illuminated at an angle substantially the
same as a nominal illumination angle. Providing lighting with the same angle of
incidence across the object 116 improves the lighting for objects that are specular
to any degree. The nominal illumination angle is the angle which most effectively
iluminates the object 116. It is understood that the nominal illumination angle will

vary depending upon the qualities of the object 116 being imaged.
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[0021] The light source 114 is positioned to illuminate the object 116 from two
or more different directions (two shown). The light source 114 may be
positioned such that each point on the object 116 is illuminated at an angle
substantially the same as a nominal illumination angle. Providing lighting
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object 116. To subtend the projected dimension of the object 116, it is understood
that the light source 114 has a sufficient divergence. It is understood that the
ilumination device 114 can also be constructed so as not to subtend the projected
dimension.

[0024] The first illumination device 118 is mounted to a first printed circuit
board (PCB)122. The first PCB 122 is positioned so as to direct light rays 123
from the first illumination device 118 toward the object 116 from a first direction.
The second illumination device 120 is mounted to a second PCB 124. The
second PCB 124 is positioned so as to direct light rays 126 from the second
ilumination device 120 toward the object 116 from a second direction. Thus, light
rays 123, 126 from the first illumination device 118 and the second illumination
device 120 converge on the object 116 to provide a desired darkfield lighting

arrangement. An artisan will understand that the light source 114 may be of
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illumination device 114 can also be constructed so as not to subtend the
projected dimension. [0024] The first illumination device 118 is mounted to a
first printed circuit board (PCB)122. The first PCB 122 is positioned so as to
direct light rays 123 from the first illumination device 118 toward the object
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Into a cone, for e, to provide converging light rays from a plurality of
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extend too far past the light source 114 for distances used between the light
E‘?ﬁh?@éﬂ%ﬁ the light source 114 for distances used between the light source™ 14
and the object 116. In one embodiment, the distance between the light source
114 and the object 116 is approximately 25 mm. In other embodiments, the
distance between the light source 114 and the object 116 is in a range between
approximately 20 mm and approximately 60 mm. An artisan will recognize that
other ranges are possible. However, a minimum clearance distance should be
maintained in front of the object 116 to allow room for a handling mechanism,
such as a robotic arm with a fixture for picking up and placing the object 116.
[0027] As discussed in detail below, in one embodiment, a repeating array of
miniature prisms is used to redirect light from a planar array of light sources so as
to converge the light on the object 116. In one such embodiment, the repeating
array of miniature prisms comprises a flattened prism referred to as a Fresnel
prism because it resembles a Fresnel lens, but in one dimension. Thus, the

Fresnel prism achieves the result of a much larger conventional prism in much the



and the object 116. In one embodiment, the distance between the light
source 114 and the object 116 is approximately 25 mm. In other
embodiments, the distance between the light source 114 and the object 116
is in a range between approximately 20 mm and approximately 60 mm. An
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second illumination device 120 may each include a single LED or an array of
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EPésaee pricunt®tY positioned so as to redirect the light rays 123 from the first
illumination device 118 onto the object 116 from the first direction, and a second
Fresnel prism 216 positioned so as to redirect the light rays 126 from the second
ilumination device 120 onto the object 116 from the second direction. As
discussed above, the angles for the first direction and the second direction may be
selected so as to achieve a desired darklighting effect.

[0030] In one embodiment, the first Fresnel prism 214 and the second Fresnel
prism 216 comprise injection molded Fresnel prisms. If the prisms 214, 216 have
many small facets, the prisms are thin and flexible. However, if fewer facets are
used, each facet is relatively larger and combine with a support structure such that
prisms 214, 216 are rigid and several millimeters thick. In one embodiment, the
Fresnel prisms 214, 216 have a thickness of approximately 1.2 mm with facets
comprising approximately half of the thickness. Such a structure is sufficiently

thick to be rigid and self supporting when mounted by the corners. In other
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on the PCB 212 so as to initially project light substantially perpendicular from
a plane corresponding to the PCB 212. The light source 210 also includes a
first Fresnel prism 214 positioned so as to redirect the light rays 123 from the
first illumination device 118 onto the object 116 from the first direction, and a
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risms 214, 216 allows jmproved or optimal lighting performance to be
dled WitANRLREPHMAMaten HslidlTiRlnn fRYGecdig and the second

ilumination device 120 each have a divergence selected so as to substantially
subtend the object 116. However, changes in the divergence, changes in the
working distance between the light source 114 and the object 116, and/or
changes in the size of the object 116 may result in a reduction in lighting quality.
For example, too much divergence may result in light being wasted, and too little
divergence may result in a dark periphery. Thus, in one embodiment, in addition
to bending or redirecting light from the first illumination device 118 and the second
illumination device 120, the divergence of the light is adjusted to properly
illuminate the object 116.

[0034] For example, FIG. 3 is a schematic diagram of an imaging device 300
for decreasing divergence of converging light rays according to one embodiment.
The imaging device 300 includes a first optical element 310 configured to redirect
and decrease the divergence of light emitted from the first illumination device 118.

The imaging device 300 also includes a second optical element 312 configured to
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illumination device 120 mounted on the planar PCB 212. Thus, the number 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. [0033] In one embodiment, the
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have a divergence selected s¢ as to substantially subtend the object 116.
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Blgniesneat vrivicdesramsantapi shyeragneR oginite friight tpsmifiedofare faeefivst
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omprise a sin nit ratner than two separate glements, n one
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ai2nqole psitiardognbipasitinecieapos pivetivee Breddehie as th drbne oif ¢éhepfieznel
| taf f ing, angles..Thus. | i leme
2 e S e A ST S AP R B S R
fetsieothEs am@eHEnsste fer fleereaatithtoe dvergeoceespectively, towards an

fﬂd@?ﬁ”ﬂd@%@] dnsBhe ARy IR Bpﬁ‘rﬂrﬁéél#@ﬂ&ﬁ@! Hanseherehiasing
116 shown in FIGS. 1 and 2. Thus, the first optical element 310 and the

gg/&ggangﬁt@apgwﬁ,{gmg light rays according t0 one embodiment. The imaging
device 400 includes a first negative lens 410 positioned relative to the first Fresnel

prism 214 so as to add divergence to the light emitted from the first illumination
device 118. The imaging device 400 also includes a second negative lens 412
positioned relative to the second Fresnel prism 216 so as to add divergence to the
light emitted from the second illumination device 120. An artisan will recognize
from the disclosure herein that the first negative lens 410 and the second negative
lens 412 may comprise a single lens rather than two separate lenses.

[0038] In the example 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 light beams toward the object 414, the first negative
lens 410 and the second negative lens 412 respectively add divergence to the
beams so that the light covers the entire object 414. To add divergence to the
emitted beams, according to another embodiment, the first negative lens 410 and

the second negative lens 412 are replaced with one or more diffusers. In another
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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

ERAsOEhIEnE GVEPLINE £ia8a%h MESEIifdd 1ehthsRHy ' ﬁéﬁat?vebﬁ'esnel

artisan will recognize from the disclosure herein other emBodiménts for
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atlveto e second Fresnel prism 216 so stoa

AR frdirfﬁ‘”ﬂh@%@@&&k%ﬁlﬁ@r#\ﬁ’éﬁd?ﬁu@ﬁ@éﬂﬂ%ﬂﬁnaé?ﬁéahmﬂnw&@@ﬁ% may

BermiR disclas e Aty ain thatdbe\irsleaeasiy claps dide Madvifieose c@sshrting
F‘??Q bve Ie s 412 may C mpnse a single Ienj rather tha &wo s%parate
R R o 18 sWSthV NEPEMER'419 RITSREEMYRAon
the ubjdberéidesmdetarFiG&l driydy2heHakowibgrdlafast Fresnel lens 214
and the second Fresnel lens 216 direct the light beams toward the object
414, the first negative lens 410 and the second negative lens 412
respectively add divergence to the beams so that the light covers the entire
object 414. To add divergence to the emitted beams, according to another
embodiment, the first negative lens 410 and the second negative lens 412
are replaced with one or more diffusers. In another 9 embodiment,
divergence is added to the emitted beams using a negative Fresnel lens
combined with a Fresnel prism. In another embodiment, a diffuser is
combined with a Fresnel prism. For example, a plastic sheet supporting the
Fresnel prism 214 may have a surface suitable for light diffusion molded into
the side opposite the Fresnel prism's facets. An artisan will recognize from
the disclosure herein other embodiments for adding divergence to the light
beams. [0039] It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described embodiments
without departing
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from the underlying principles of the invention. The scope of the present
invention should, therefore, be determined only by the following claims. 10
[0040] Claims 1. An imaging device for inspecting semiconductors, the
imaging device comprising: one or more imaging lens for imaging light
[gﬂgﬁjed feqmhan object; a planar circuit board; a first light source attached to
he planar circuit board; a second light source attached to the planar circuit
board; T AfstEREEKEIBYiSA R RRRESING REAtIFIIAUFE Hrdb i MBI RPard
Heneiieeg: from a first direction; a second Fresnel prism for directing light

f h d ligh d the opject f d direction; and
2 op(4F iR TOFOBOBAE Y AR R P LELLEsS ot loas

one ofakmaii'@t ¢ireshbbprism an_d _the seconq Fresnel prism. 2. T_h(_-:' imaging
deviceof il {4rleL FOmBHSI@ SERaNg ElfBsalfor receiving an

image of the dbject from the one or more imaging lens. 3. The imaging device
of clairf 38GPRErgRtRRUERiclleskeAdAtie Sdp s FirReREdgroup consisting

of a pogitiée FeasnangramasitifieettipenrjHersntthEa dMRanb IR eevRi el ah
1 whe{rein at Ieasééone of the first light source and the second light source

881‘!3‘&' 03 ﬂ'{jﬁt ?ﬂﬁtﬂﬂb diode. 5. The imaging device of claim 1, wherein at
least casarfane Firssdiglhtrisouimedinedtihg |ggd dromitie secoce lighrhpoises an
%ch{ﬂggb%@w% giggggnd%iéé{ﬁmﬁgl% ringlight comprising: a first light
source for erJnttlng a first beam of light;’a second light source for emitting a

secondbeaksrelghenifetdecsagsivardinarasnse oo dah dreeire Anaidaast

BhEG thelisaF RIshe pifs IR arRAIFRCEEL HieHesHeepms #f 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,
2. The imaging device of claim 1, further comprising a sensing element for

receiving an image of the object from the one or more imaging lens.

3. The imaging device of claim 1, wherein the optical element is selected
from the group consisting of a positive lens and a positive Fresnel lens.

4. 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.

5. 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.

6. A darkfield ringlight comprising:

a first light source for 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,
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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. 7. The
darkfield ringlight of claim 9, wherein at least one of the first light source and
the second light source comprises one or more light emitting diodes. 8. The

darkfieje HRghgRL %fn%' %'Ph%ré“’&r&’ ) ANeINEsQE IMIRBRLIERS /Rlipents

comprises a Fresnel prism. 9. The darkfield ringlight of claim 9, wherein the
divereentsrin ahirast ermpdibedingheeaBraprdee &?Pémelected from

the group consisting of a positive lens and a posmve Fresnel lens. 10. The

arkf t of cl 9 the tical
compribot & AL N B EHE BB AR ) bt
sauymgaaldgm sédonthkgtaddfustet wogliyiest ateior %cﬁmth@ntcejmlmngl agpees.

circuit board, the first light source and the second light source mechanically
coupled to a planar surface of the circuit board. 12. A method for illuminating

an objéct! tROAktistHr i @H O glaiehRitMecEeit DB LA oF ghe, @Riffhg a
sRGABALYeamMpPkEgN srbsiantiadiv parallel to the first beam of light;

redirecting the first beam and the second beam such that the beams
converge at a selected location; and decreasing the divergence of at least
one of 3h&Hestdvkietd aimg thkt ©f otaich Beaherdid. tAedamkfm dhorebglical

' d
B S o B e e OB el Cor i eEete
ﬁ@'%‘ﬁﬂéfﬂl@ﬂw? BeRityed srsRriedptical elements for redlrecting the first

beam of light and the second beam of light such that the first beam of light

and the secon
the garkfarpd rmg%ght of claim 9, wherein the one or more optical

elements comprises a combined Fresnel lens and Fresnel prism having facets of

varying angles.

11. The darkfield ringlight of claim 9, further comprising a circuit board, the
first light source and the second light source mechanically coupled to a planar

surface of the circuit board.

12. A method for illuminating an object, the method comprising:

emitting a first beam of light;

emitting a second beam of light substantially parallel to the first beam of
light;

redirecting the first beam and the second beam such that the beams
converge at a selected location; and

decreasing the divergence of at least one of the first beam and the second

beam.

13. A darkfield ringlight comprising:
a first light source for emitting a first beam of light;
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converge at a desired location, wherein the one or more optical elements is
configured to increase divergence in at least one of the first beam and the
second beam. 14. The darkfield ringlight of claim 22, wherein at least one of
the first light source and the second light source comprises one or more light

emitting LURARS ight-s bR 836K ik EIPAAUH I BEA A BRT SlIb LRS- R, O

more optical elements co%nses a Fresnel prism. 16. The darkfield ringlight
sreatahieheHerdprRebignbratdre optical elements further comprises an
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RirergRepreEtiAieRs R EHIA Hisd RRANBABhN®E8RPRA O AAL the beams
converge at a selected location; and increasing the divergence of at least one

of the fjrst hea d the second, heam, 13
14. 'Phe %&%el&qﬁngﬁg t of gaffjrln 22, wherein at least one of the first light

source and the second light source comprises one or more light emitting diodes.

15. The darkfield ringlight of claim 22, wherein the one or more optical

elements comprises a Fresnel prism.

16. The darkfield ringlight of claim 22, wherein the one or more optical
elements further comprises an element selected from the group consisting of a

diffuser, a negative lens, and a negative Fresnel lens.

17. The darkfield ringlight of claim 22, further comprising a circuit board, the
first light source and the second light source mechanically coupled to a planar

surface of the circuit board.

18. A method for illuminating an object, the method comprising:

emitting a first beam of light;

emitting a second beam of light substantially parallel to the first beam of
light;

redirecting the first beam and the second beam such that the beams
converge at a selected location; and

increasing the divergence of at least one of the first beam and the second

beam.
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