K&S-119SG -1 MULTI - WAVELENGTH APERTURE AND VI SI ON SYSTEM AND METHOD USI NG
SAMVE FIELQ?gflg | NVENTI ON This invention relates generally to machine

vi sion systens Tor sem conductor chip bonding/attaching devices. Mre
specifically, the present 5 invention relates to a nulti-wavel ength
aperture providing different depths of field of an observed object based
on a wavel ength of light and a system angd_ nethod using such a

mul ti-wavel ength aperture. BACKGROUND OF THE | NVENTI ON Sem conduct or

devi ces, such as integrated circuit chips, are 10 electrically connected
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connect a pad residing on a die (sem conductor chip) to alead in a |ead
frame. Once all the pads and | eads on the chip and | ead frame have been

wi re bonded, it can be packaged, often in ceramc or plastic, to forman 15
integrated circuit device. In a typical application, a die or chip may have
hundreds or thousands of pads and | eads that need to be connected. There
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method using such a multi-wavelength aperture.

BACKGROUND QOF THE INVENTION

Semiconductor devices, such as integrated circuit chips, are
10  electrically connected to leads on a lead frame by a process known as wire
bonding. The wire bonding operation involves placing and connecting a wire to
electrically connect a pad residing on a die (semiconductor chip) to a lead in a
lead frame. Once all the pads and leads on the chip and lead frame have been
wire bonded, it can be packaged, often in ceramic or plastic, to form an
15 integrated circuit device. In a typical application, a die or chip may have

hundreds or thousands of pads and leads that need to be connected.

There are many types of wire bonding equipment. Some use
thermal bonding, some use ultra-sonic bonding and some use a combination of
both. Prior to bonding, vision systems or image processing systems (systems

20 that capture images, digitize them and use a computer to perform image
analysis) are used on wire bonding machines to align devices and guide the

machine for correct bonding placement.

Machine vision systems are generally used to inspect the device
before, during or after various steps in the fabrication process. During such

25 process steps, it may be necessary to obtain multiple views of the device under



predeterm ned quality standards. One neasurenent may require a large field
of Vie“’tﬂgkﬂﬁhﬂﬁf as many fiducials as possible, while a second

measur enen ney require a high resolution to image fine details. Further

t hese various 5 nmeasurenments may need to narrow or expand the depth of
field of the observed object in order to view certain details. In
conventional systens, such nultiple magnifications are handled by having a
separate canmera for each desired magnification |evel. Such a conventiona
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i ght rays 226, 228, each bei nﬂ of about equal illum nation, that is each
of |ight trappitted thyogah objerlennd0f anbransmitted dnags H40 Iai”&HiE1 tEys 224.
When shut [ S | fi ity hght ; 246 bRk ted
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15 124 and second divided light rays 126. Divided light rays 126 are then

redirected by mirror 110 as divided light 128.

Relay lenses 112 and 114 are selected so as to provide the desired
magnification of divided light 124 and 128, respectively, resulting in magnified
images 130 and 132, which are incident on cameras 116 and 118, respectively.

20 This system has drawbacks, however, in that it requires a separate camera for
each level of magnification desired, and also require that multiple apertures be
provided to handle different depths of field, thereby resulting in greater

complexity and increasing size and cost.

A second conventional system is shown in Figs. 2A and 2B. In
25 Figs. 2A and 2B, a shutter 218 is used in combination with a second beam
splitter 222 to receive two magnifications of device 202 with a single camera
216. As shown in Fig. 2A, first beamsplitter 208 separates light rays 224 into
light rays 226, 228, each being of about equal illumination, that is each of light
rays 226, 228 is about half the illumination of light rays 224. When shutter 218
30 is in a first position, light rays 226 are prevented from reaching relay lens 214,

On the other hand, light rays 228 are magnified by relay lens 212 to become



K&S-119SG -3 nmagnified light rays 230. In turn, magnified |ight rays 230
are incidggéqggs second beansplitter 222, a portion (about 50% of which is
transmtt t Ganera 216 as | ight rays 236. The renmi ning portion of

magni fied light rays 230, however, is deflected by second beansplitter 222
as lost light rays 234. 5 As a result, only about 25%of the light used to
i1lumnate device 202 is actually receiyed at canera 216. In addition, the
i nclusion of shutter 218 increases the Tconplexity and cost of this system
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channel hits the Second splitter and i into a reflected portion 234
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received by cameéra 216 while remaining light rays 234 are lost. As is evident,

a large portion of the illumination available for imaging is sacrificed due to the

losses associated with first beam splitter 208 and second splitter 222, The light

15 from a single channel hits the second splitter and is split into a reflected portion
234 and transmitted portion 236. Only one of these will be directed to camera
216 while the other is lost. This approach can also have reliability issues with

respect to the moving shutter mechanism.

SUMMARY OF THE INVENTION

20 In view of the shortcomings of the prior art, the present invention
is directed to an aperture having different effective diameters based on a
wavelength of light passing therethrough to provide one of multiple depths of

field of the device being viewed.

The present invention is a vision system for use with at least one
25 light source and providing a plurality of images representing plural depths of
field of a device. The system comprises a beamsplitter for receiving an image
of the device illuminated by the at least one light source, the beamsplitter
providing one of the plurality of images of the device based in a wavelength of
the light source; an aperture having a plurality of effective diameters based on
30 the wavelength of light from the at least one light source, the aperture

determining a depth of field of the image of the device; and an optical element



-providing one of the plurality of images of the device based in a

wavel ength of the light source; an aperture having a plurality of

ef fecti ve K8PahEt¥t s based on 30 the wavel ength of light fromthe at | east
one light source, the aperture determning a depth of field of the inage
of the device; and an optical elenment K&S-119SG -4 for receiving the inmage
of the device, the optical elenent magnifying the imge by a predeterm ned
magni fi cation factor to produce a nagniffed i mage having the detern ned
depth of field. According to another aspect of the inventiqp, the aperture
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Accor di ng the deeérrameidngeptasgfefididof the present invention, the

beansplitters are dichroic splitters. According to a further aspect of the
I nvention, the aperture conprises a fi rstqf&ﬁgi_on having a first reactive

property to a first Aggeedingderpnether peprety tIREeREON UG BRGHEUG 51

sourceg; a gion adjacent the first 15 region and having a
secon reggctrﬁ\cl)g:egr%g"é# 'y to a further wavel ength of light fromthe at

| east one light source, such that the first reactive property provides a
first depth of fiel dhaubrdihg tolg frthemaspete of ¢beriniventinn,ithe gptigad deyector
provi des a _second depth of field of the object. According to still a
further asp8&™f & he invention, the first 20 reactive property results in
a first effective dianeter of the aperture and the second reactive

property results in scopdingdoaftiiesidiner Abpast 6 thef inveatianpthelfight Aesar di ng
to yet a further aspect of "the invention, the aperture conprises a region

havi ng a pyawelength ioftheewsibie/epectowrt i es based on a wavel ength of |ight
fromthe light source; and a further region adjacent the first

10 According to yet another aspect of the present invention, the

beamsplitters are dichroic splitters.

According to a further aspect of the invention, the aperture
comprises a first region having a first reactive property to a first wavelength of
light from the at least one light source; and a second region adjacent the first

15  region and having a second reactive property to a further wavelength of light
from the at least one light source, such that the first reactive property provides
a first depth of field of the object and the second reactive property provides a
second depth of field of the object.

According to still a further aspect of the invention, the first
20 reactive property results in a first effective diameter of the aperture and the

second reactive property results in a second effective diameter of the aperture.

According to yet a further aspect of the invention, the aperture
comprises a region having a plurality of reactive properties based on a
wavelength of light from the light source; and a further region adjacent the first
25 region and absent a reactive property to any wavelength of light from the light
source, such that the plurality of reactive properties provide a respective
plurality of a depth of field of the object based on the wavelength of light from

the light source.



25 region and absent a reactive property to any wavel ength of |ight from
the Iight K&%Q‘]Ufé‘s"l? such that the plurality of reactive properties provide a
plura

respective ity of a depth of field of the object based on the
wavel ength of light from the |light source. K&S-119SG -5 These and ot her
aspects of the invention are set forth belowwith reference to the

drawi ngs and the description of exenplary.enbodi nents of the invention.
BRI EF DESCRI PTION OF THE DRAWNGS 5 The invention is best understood from

the ol 1 ow ng detal hihse deacoiihlARetlien: (RAMVEAUBANNEN T8 BlolWitn

acconpanyi ng draw ng. h zed't accordi to common practi ce,

t he vari ousfeirente te@sheidrawmgstaraivting deseripiddn bb exenlptaryCambloeiroents aff the t he
di rensions of the various features are arbitrarily expanded or reduced for
clarity. I'™SNHMY in the drawing 10 are the following Figures: Fig. 1 is
schematic representation of a vision systemaccording to the prior art;

Figs. 2A and 2B are scherBRIEF DEPCRIRTICN OFTFHBIDRAMWINGS vi sion  system
according to the prior art; 15 Figs. 3A and 3B are schematic
representations of a vision system according to a first exenplary

enbodisrent of the pregeRtehf¥Bé best uRterstéod $rom IBBEBRG WG eetape@nt at i on
of a vision systemaccording to a second exenplary enbodi nent of the

present i desertipdon whesreshre@nnestignewihdhea@oomanyinaseewinge dcéor di ng

to an 20 ex l.ary..enbadi ey f the pr -] .on:. El.9. i 8 .a plan
Vi ew of - SRS i dare cioe & sbHimBh TABYse Y BNl e ot theh Mo
the presegfraiMEaid ABt tdisBaled OB theOheRRY| the diphensiohelof ehe Maripugi si on
system according to an exenplary enbodi ment of the present i_nventd' on,
utili zi ngfeatusrempe arfitrarily expanded or reduced for clarity. Included in the drawing

10 are the following Figures:

Fig. 1 is schematic representation of a vision system according to

the prior art;

Figs. 2A and 2B are schematic representations of another vision

system according to the prior art;

15 Figs. 3A and 3B are schematic representations of a vision system

according to a first exemplary embodiment of the present invention;

Fig. 4 is a schematic representation of a vision system according

to a second exemplary embodiment of the present invention;

Figs. SA-5C are views of a dichroic aperture according to an

20 exemplary embodiment of the present invention;

Fig. 5D is a plan view of a dichroic aperture according to another

exemplary embodiment of the present invention;

Fig. 6 is a schematic representation of a vision system according
to an exemplary embodiment of the present invention utilizing an exemplary

25 dichroic aperture; and



25 dichroic aperture; and K&S-119SG -6 Figs. 7A-7B are a schematic

r epr esent 'Qﬂ%h vi sion systens according to another exenplary

enbodi nmen f € present invention utilizing an exenplary dichroic
aperture. DETAILED DESCRI PTION 5 Referring to Figs. 3A and 3B, an exenplary
enbodi nent of the present invention is shown. In Fig. 3A, device 302 is
illumnated by a light source (not shqwyn) having a predetern ned

wavel ength. In a preferred enbodinment, this wavelength is within either

330, represent i ng. ahSmdge” brerBd Bt Suses RO Slicldp syl TS
aperture 3P&rdiddtd ahattferdBemplary eeiistRilinemn of dhe presentsiplviehtion Wigingshi ch
inturn reflects a substantial portion of light rays 330 as reflected

| i ght rayﬁnmmlﬂés\edlwoﬁrwlﬁﬁes of splitter 308 which are dependant
upon the wavel ength of light illum nating device 302. As dichroic

splitters are not 100% effici emdgTALEMRDESCRIFPTION Of |ight rays 330 w ||
pass 15 through dichroic splitter 308 as |light rays 334. Light rays 332 are

then reflected by mrror 310, such as a planar mrror, as light rays 336

so asgto allow themgd ffé’rrt?@ t‘BaﬁabfBﬁdarhmephh%@(Lerﬁ;ﬁbayea%dmﬁén@rmn@rrpl ary
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enbodi nent, optical rel 31471's a doublet type |ens assenbly having a
pr edet er npneskntringention & stowhadndiig. B&sddwoa NS lﬁagnmﬁe@abv érlighéct or ,

l'ight rays 336 0 ni f.i ed and efromo re as
magni f i ed SPPEiR Fq&y@%@g"%W? p'i?r‘i'&g rﬁ” 54 Vﬁ?/vetlﬁﬁé 1I[n gk‘!l)@fe'%%ét he art,
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Magni fied |ight rays 338 are again redirected by mrror 320 asrofgj?gmfled

| i ght raysltBaviotas swectrrwsm oétighbn Lightueyad3lerepiasentng aypimage € n 25
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surface ofdicHtord¥mittersyig, tWﬁTch381ufni eafli¢diata sifbstragtialf padidn gﬂ'lllgrntalyzeys342. I n

an exenpl %3)6 as reflected light rays 332, based on properties of splitter 308 which are
dependant upon the wavelength of light illuminating device 302. As dichroic
splitters are not 100% efficient, a small portion of light rays 330 will pass

15 through dichroic splitter 308 as light rays 334. Light rays 332 are then
reflected by mirror 310, such as a planar mirror, as light rays 336 so as to allow
them to be magnified by optical relay 314. In an exemplary embodiment,
optical relay 314 is a doublet type lens assembly having a predetermined
magnification factor. Based on this magnification factor, light rays 336 are

20 magnified and emerge from optical relay 314 as magnified light rays 338. As is
understood by those of skill in the art, magnified light rays 338 represent an

enlarged image of device 302.

Magnified light rays 338 are again redirected by mirror 320 as
magnified light rays 342 to be incident on a surface of dichroic splitter 322. In
25 addition, light rays 334, having been magnified by a predetermined
magnification factor by optical relay 312, are incident on an opposite surface of
dichroic splitter 322 from that of magnified light rays 342. In an exemplary
embodiment, the magnification factors of optical relays 312 and 314 are
different from one another. Dichroic splitter 322 has properties, based on the
30 wavelength of light illuminating device 302, such that the undesired image rays

340 do not pass through splitter 322, but rather are reflected away as



enbodi ment, the magnification factors of optical relays 312 and 314 are

di fferent khsomogge another. Dichroic splitter 322 has properties, based on
the 30 wavel ength of light illumnating device 302, such that the undesired
i mage rays 340 do not pass through splitter 322, but rather are reflected
away as K&S-119SG -7 discarded light 344. In this way nultiple images are
not provided to optical detector 316. -Gn-the other hand, dichroic splitter
322 has properties, based on the wavelength of light illum nating device
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on dichroic splitter 308, which in turn passes a substantial portion of

light ray&P3BD as |ight rays 352, based on properties of splitter 308 which
depend upon the wavel ength of light illum nating device 302. Once again, as

dichroic splitters : or8fHi  CEBNYovi i i} Il gdHe rays 350
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splitter 308, pass _through and are magnified by optical relay 312 to
becomre nagP@strea of kght. r yEig. 3B, light rays 350, representing another image of

device 302, emerges from lens 304 and aperture 306. Light rays 350 are

15 incident on dichroic splitter 308, which in turn passes a substantial portion of
light rays 350 as light rays 352, based on properties of splitter 308 which
depend upon the wavelength of light illuminating device 302. Once again, as
dichroic splitters as not 100% efficient, a small portion of light rays 350 will be
reflected by dichroic splitter 308 as reflected light rays 354. These light rays

20 will in turn be redirected by mirror 310 as light rays 356, which will in turn be
magnified by optical relay 314 as magnified light rays 358, which are then
redirected toward dichrofc splitter 322 by mirror 320 as reflected light 360.

Light rays 352 that emerge from dichroic splitter 308, pass
through and are magnified by optical relay 312 to become magnified light rays
25 362. As a result, magnified light rays 362 are incident on dichroic splitter 322.
As discussed above with respect to Fig. 3A, dichroic splitter 322 has propetties,
based on the wavelength of light illuminating device 302, such that undesired
light rays 360 pass through splitter 322, and thus are directed away from
optical detector 316 as discarded light 364. On the other hand, dichroic splitter
30 322 has properties, based on the wavelength of light illuminating device 302,
allowing magnified light rays 362 to pass through splitter 322 as image rays

366. It is image rays 366 which are now “seen” by optical detector 316. In



25 362. As a result, magnified light rays 362 are incident on dichroic
splitter 3@z-1148gdi scussed above with respect to Fig. 3A dichroic
splitter 322 has properties, based on the wavelength of light illum nating
devi ce 302, such that undesired 1ight rays 360 pass through splitter 322,
and thus are directed away from optical detector 316 as discarded |ight
364. On the other hand, dichroic splitteg-30 322 has properties, based on

t he wavel ength of light illum nating device 302, allow ng magnified |ight
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magni fi cations of .deyvice 302 may.be provid rely by changing the
wavel engt H"%“fé?'i‘% oﬁ@?t &\q%d'mrﬁalagegéswcs 2. Fig. 4illustrates a
second exenpl ary enbodi nent of the present 5 invention in which nore that
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magni {1 catNBHOBIE SRFTE" 450r0in SOURTS FRfe 38as2dnantigili s 1 ie BYEFET Y, o
each of | QigBsdifent, bafy ofid4ight s8ar@Ckaftedd® HBRIIASE dévicd JedepdrRiing
enbodi ment of the present invention the ITH?I’II‘ fication factor of |enses
412, 424, osthe magoifietioradesiesd. e theexpngly llustratediin Figt 4 aighheswrcae
second ex% R st OOSI'(SU?Q(E ntnéjdmﬁé%n of'device 302 through lens 412, light
15  source 416 is used to provide magnification of device 302 through lens 424,

and light source 428 is used to provide magnification of device 302 through

lens 434. The magnification factor of each of lenses 412, 424, 434 is selected

as desired. In a preferred embodiment of the present invention the

magnification factor of lenses 412, 424, 434 is 2x, 6x, and 8x, respectively.

20 To illustrate how the second exemplary embodiment functions, a
specific example is now discussed. If for example, it is desired to magnify an
image of device 302 by a specific magnification factor achieved through lens
434, light source 428 is activated and the remaining light sources 406, 416 are
deactivated. Light rays 444 pass through dichroic splitters 430, 420 and 418

25 and are reflected by dichroic splitter 404 based on the wavelength of the light
rays. These light rays are then re-directed by mirror 402 to illuminate device
302. In turn, light rays 440, representing an image of device 302, emerges
from lens 304, are reflected by mirror 402 as reflected light rays 442 and
directed toward dichroic splitter 404. As mentioned above, the wavelength of

30 the light rays 446 are such that they are reflected by splitter 404 and pass
through splitters 418, 420. The bottom surface of splitter 430 has different
properties than that of the top surface of splitter 430. As a result, light ray 446



"specific exanple is now discussed. If for exanple, it is desired to nagnify
an i mageKQ%_l %g'bce 302 by a specific magnification factor achi eved through
|

l ens 434,7°Tig source 428 is activated and the renmaining |ight sources
406, 416 are deactivated. Light rays 444 pass through dichroic splitters
430, 420 and 418 25 and are reflected by dichroic splitter 404 based on the
wavel ength of the light rays. These light rays are then re-directed by
mrror 402 to illumnnate device 302. In turn, light rays 440, representing

an i mage of device,h 302 r fromlen 4, .ar I LLror 402
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Li ght rays 450, representing the magnified inmage of a gortion of device 302
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received a nagnified imge of device 302 based on the | engt,h of the
|i ght usefleyise; |Sipmarht. ehemathpfyight used Fo| 'ﬁPW’,‘atleh e‘ﬁﬁ'\é\ﬁ\@fa'ﬂ‘?&%t used to

|11 unpnat foflettd Gmdlie i@hebliorlthd RalBfiith ioftight ssubasedoearideigavel engt h

of li'ght sources erring mow to"Figs. 5A-5C, an exenpl ary
di chroic aperture 500 has various regions 502, 504 and 506. As shown in
Fig. 5A, in apertur ®bE0ing neyitorFige25Ad eearemplayrdicbrrieperara it ur e

uhner e 10 heBgthl BEREL 02 504 SR AR A, i Bl ese
\rAﬁgi on 50fediBh Fotepresentsdz porBoh @F thé %gﬁrmre aflsericafd @gRNLEN PePetitdton
ere |ight” having a second wavel engt h ] .
region 504 has a diameter d1 and represents a portion where light having a
15 first wavelength A1 can penetrate, and region 506 has a diameter d2 smaller
than di and represents a portion where light having a second wavelength A2
can penetrate. With respect to region 506, light having the first wavelength will
also pass through this region. As is known to those skilled in the optical arts,
the diameter of an optical aperture affects the depth of field (DOF) and
20 Modulation Transfer Function (MTF) (or optical resolution} of the object being
observed. Therefore, as a result of illuminating the object to be observed by
light having different wavelengths (in this example A1 or A2), the DOF and MTF
may be controlled. For example, and as shown in Figs. 5B and 5C, if light
having wavelength A1 is used, aperture 500 has diameter d1 resulting in a
25 short DOF 510 and a greater MTF. On the other hand, if light having a
wavelength A2 is used, aperture 500 has a diameter d2 resulting in a greater
DOF 512 and lower MTF. Although not shown in Fig. 5C, the portion of light

having wavelength 12 that does not pass through aperture 500 is reflected.

Dichroic aperture 500 may be formed using well-known thin film
30 coating and masking techniques, for example. Although the exemplary dichroic
aperture 500 is illustrated with two regions (504, 506), the invention is not so

limited. As shown in Fig. 5D, for example, it is contemplated that any number



can penetrate. Wth respect to region 506, light having the first

wavel engt gwl{{gscl so pass through this region. As is known to those
skilled in the optical arts, the dianmeter of an optical aperture affects
the depth of field (DOF) and 20 Modul ation Transfer Function (MIF) (or
optical resolution) of the object being observed. Therefore, as a result
of illumnating the object to be observad-by |ight having different

wavel engths (in this exanple Al or X2), the DOF and MIF nay be controll ed.
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X1 is used, aperture anet er lres tfing in a 25 short DOF 510
and a gr eatasreldvidgth d@rlighte tophevidaandariety df@mthbwflﬁn@daasmwngth 22 is
used, aperture 500 has a dianeter d2 resulti ng in a greater DOF 512 and

| MIF. Alth h t sh th ti h,
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Depths of Field, as desired. Referring nowto Fig. 6, an exenp Iar%t
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per pendi cu um nation to ose of skill 1n the art
under st anthe hmVelahgﬂheugayMary slightdy.r Siindaf bo thhemm;dammtdesaﬂbedght

fn(;ﬁlrn(‘: Zcfggpﬁﬁet @ﬁéplgﬁggg f%gll‘al'nt tsgur:[cgzsittlo%f Azlsgarte ﬁx%fgen% 3@198%0‘2 via
15 dichroic spiitters 404, 408.

Light rays 330, representing an image of device 302, emerge from

lens 304, such as an achromatic or chromatic lens as desired. Light rays 330
are incident on dichroic splitters 404, 408, which in turn reflect a portion of light
rays 330 as reflected light rays (not shown), based on properties of splitter 308

20 which are dependant upon the wavelength of light source 602. The remaining
light is incident on dichroic aperture 500. Based on the wavelength of the light,
dichroic aperture 500 adjusts its effective diameter as discussed above and
passes the light onto relay lens 412, such as an achromatic lens having a
predetermined magnification factor, either positive or negative. This resultant

25 image is incident on optical detector 316. Because of the reaction of dichroic
aperture to the wavelength of light from light sources 602, 406, 428 on device
302, the depth of field may be either narrow 608 or deep 610,

In another exemplary embodiment, light source 602 may have a

variable wavelength to adjust the DOF of the object being observed, as desired.

30 Although the exemplary embodiment illustrates three light sources
602, 406, 428, the invention is not so limited. It is also possible to add



t he wavel engths may vary slightly. Simlar to the enbodi nent descri bed
above, il kgaifaiggon for |ight sources 406, 428 are incident on device 302
via 15 dichroic splitters 404, 408. Light rays 330, representing an inmge
of device 302, energe from |ens 304, such as an achromatic or chromatic

| ens as desired. Light rays 330 are incident on dichroic splitters 404,
408, which in turn reflect a portion of illi-ght rays 330 as reflected |ight
rays (not shown), based on properties of splitter 308 20 which are

dependant aHBQ{bgﬁ?‘ﬁPH@%b%gtsh‘m%B‘cé QH&S%BF’HGS 898 with@phegmiiaic@ichtdight is

I nci dent on ofc aperture 500. Based on the wavel ength of the |ight,
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resul tant jehebo@ge d fiké Puksted on optical detector 316. Because of the
reaction of dichroic aperture to the wavelength of light fromlight

sources 602, 406, 428 on device 302, the depth of field may he either
narr o® 608 or deep 6igs. AAr7Bribustsrterdigs exenpliap Mmiadimanty ef thewreeemo2
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three |iglksemed aboveith 46dpect28 Fig.he. iInwantffor tospravidesa mbng tencisét is
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406, 428 WRRICSEPEAtAHI RAWERIe hRisi exenaplery FEHOADRE AAXBSSH OTY e, as the
pumoer  of raydHitieRtich BaU, A% that HhE /ARG midifhifTRAT pathsaot Fige 42 pee | 0

di chroic ap ure al so 1 ncrease nunber. 5 Figs. 7A-7B
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r epr esent ahj)Atbs) HANENRnifdtibneXAE) 35 Weeireadi ment addresses only two
magni fication paths, rather that the three magnification paths of Fig. 4.

The 10 invention is not so limted and it _is contenplated that the
i nvention may be As shown in Fig. 7A, device 302, disposed on substrate 301 for

example, is illuminated by one of light sources 406, 428, each having a

15  different wavelength. In a preferred embodiment, these wavelengths are
within either the visible spectrum of light or ultraviclet spectrum of light.
Illumination emitted by each of light sources is directed toward device 302
though a series of dichroic splitters 404, 408, and 430 and dichroic aperture
500. Light for the one active light source 406, 428 changes the effective

20 diameter of dichroic aperture 500, thereby adjusting the DOF of observed
device 302.

In the exemplary embodiment of Fig. 7, only one light source at a
time is used to illuminate device 302 depending on the desired magnification
and DOF. For example, light source 406 is used to provide magnification of

25 device 302 through lens 412 at a first DOF, and light source 428 is used to
provide magnification of device 302 through lens 434 at a second DOF. The
magnification factor of each of lenses 412, 434 is selected as desired, as is the
DOF. In a non-limiting exemplary embodiment of the present invention, the
magnification factor of ienses 412, 434 is 2x, and 8x, respectively.

30 Furthermore, filters 706, 710 may be added to respective magnification paths

as desired to eliminate cross coupling between the wavelengths of light by



-used wth any nunber of |ight sources (including variable wavel ength |ight
sources) and ma%nification paths, as desired. As shown in Fig. 7A, device

302, di spBg‘E"&l@ Gsubstrate 301 for exanple, is illum nated by one of |ight
sources 406, 428, each having a 15 different wavelength. In a preferred
enbodi nent, these wavel engths are wthin either the visible spectrum of

| ight or ultraviolet spectrumof Iight. 1 II'Tumnation emtted by each of

| ight sources is directed toward device %02 t hough a series of dichroic
splitters 404, 408, and 430 and djchroic aperture 500. Light for the, one
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i |1 um nat Figd 9B, GehBod adiemratungsof08, Hel ey @do egad ded by ebminatedstBF. For
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magni fication of device 302 through I ens 434 at a second DOF. The
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is the DOF. In a non-limting exenplary enmbodi nent of the present

i nvent i onbetrhedifiedgand expanded tassemore thamnslewo 4dght sagresamm, and 8x,
respectivelai/gm.io tFurth rm)rg filters 706, 710 may be added to respective
magni f i cal AN PR PADS R PPEFEY 0 el i mi nate cross coupling between the
wavel engt hs of light by K&S-1195G -12 5 renoving any renai ni ng undesired
wavel engths of | i ghiaithidaighrere iReeetiahae beehhdetgibed with oeferspte té ers 404,
406, and 430. Additionally, and as shown in Fig. 7B, achromatl_iy:ie aé)ertures
708, 712 R¥SMRlary embadieantse ieisi natdinied thagetol i Rpthernie appeedrlaisst in
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| i ght sourroemtimmdwhich may be made by those skilled in the art without departing from

the true spirit and scope of the present invention.



-magni fication paths as desired. Al though the invention has been descri bed
wth refekglg(_:]gﬁt exenpl ary enbodi nents, it is not limted thereto.
a

Rat her, t ehided cl ai ns 10 shoul d be construed to include other

vari ants and enbodi nents of the invention which may be nmade by those
skilled in the art without departing from the true spirit and scope of the
present invention. K&S-119SG - 13 Wat i1 Clained: 1 1. A vision systemfor

use with at |east one light source and "Z providing a plurality of inmages
represent,| | uypal depths of field of a device, 3 the system conprising:
4 a beans‘éfﬁgtf[%eﬂaf”&egr eceiving an i mge of the device illuninated by 5 the

at |least one |ight source, the beansplitter providi nltg oncla_ f the plurality
of 61 mages of theldevi AeVisieayStRMhiaNMES %’H&tfﬁ lsps ﬁ@eﬂﬂgﬁﬁowﬁ%‘? 7 an

aperture I: I, T 5 f ' di r .
pes e RRYEMERBISRAY B bl EBIOLALHL MEIA d RS Bl 1S e
det er ra ni bige sPstendepttprifingi el d of the i mage of the device; and 10 an

optical element for receiving the i mage of the device, the 11 optical

el ement magni fying the image by_a predet erm.ned nificati factor, 12 to
produée a magnified aﬁ%@ﬁﬁ%?%&ﬁ%&ew%ﬁﬁﬂme p %?V'F?glrﬂp'rfttgq bf"he

Vi Si On Syghemt deLR cH g hPsGlrdk MHe bBRIspliftel PPovidirdPBhé WF&he Plaraiite F Oi C
aperture. 1 3. The vision systemaccording to claim™, further conprising

2 an @pt i imagdetofthedeavica pasad/in a vaviedergthi efcthientigly. sourage; The vi si on
system according to claim3, wherein the optical 2 detector is a canera. 1

5. The, vision syste ' to _claj ' I.cal efiect or
is a ?osi tion sensi ﬁn%%@ﬂtégﬁ%yrgg A Sllmaﬁty W@ﬁgéﬁ\/et AR § Hased cBELHR
8  wavelength of light from the at least one light source, the aperture determining

g a depth of field of the image of the device; and

10 an optical element for receiving the image of the device, the
11 optical element magnifying the image by a predetermined magnification factor

12 to produce a magnified image having the determined depth of field.

1 2. The vision system according to claim 1, wherein the

2 aperture is a dichroic aperture.

1 3. The vision system according to claim 1, further comprising

2 an optical detector to receive the magnified image.

1 4. The vision system according to claim 3, wherein the optical

2 detector is a camera.

1 5. The vision system according to claim 3, wherein the optical

2 detector is a position sensitive detector,

1 6. The vision system according to claim 1, wherein the light

2 has a wavelength in one of i) a visible spectrum and ii) an ultraviolet spectrum.

1 7. The vision system according to claim 1, wherein the

2 beamsplitter is a dichroic splitter.

1 8. The vision system according to claim 1, wherein the plurality

2 of optical elements is at least one lens.



1 6. The vision systemaccording to claim11, wherein the light 2 has a
mavelengtp&gﬁjgg% of i) a visible spectrumand ii) an ultraviolet spectrum
1 7. The vision systemaccording to claiml, wherein the 2 beansplitter is
a dichroic splitter. 1 8. The vision systemaccording to claim1, wherein
the plurality 2 of optical elenents is at |east one |lens. K&S-119SG -14 1
9. The vision systemaccording to claimd,_ wherein the at least 2 one lens
has a predeterm ned nmagnification factor. 1 10. The vision system according
to claim1, wherein the at least 2 one light source is a nonochromatic

| i ght source. 1 11. The vision systemaccording to claim1, wherein the at

least 1 2 one light Sour ce 'esVigiopi DshemM: JOr diRsnScHR TS ivhereghthe ahiteast,
each of t | | Vi respective wavel ength. 1
12. Tze VP'S%F@%'%S%?#%%%?WEE‘% @.%?Pgﬁ%d%% h\/\kgg?rgi n the at least 2 one

| ight source is i) a first light source conprising a plurality of
monochromatic 3 |idt sdinecedsioansystén atcolreiagt toocein U, tvteerein tin at least
nonochr omat | (i_g%?urce. 1 13. Th&{vi Si onl_@/stem according to claim1, wherein
the at | eS8 19PLFRETES fhe rABPCHoratqight$qQUEey | ght source conprising a

plurality of monochromatic 3 light sources and ii) a respective plurality
of fugther |ight noRgchr qRtjigioh $RYEFESccoPdfid ©f clbitf 1Iwhaleid ih@bt Tagsther
| i ght nmonochromatic sources having a 5 wavel éngth equal to a wavel ength of
a respect pne light sourcaiés plpluedlity pf roraroaoaticdightisourcemteasbefcde. 1 14. A
vision system.for.use w.th at |east one light rce.,and 2 providing a

pl uralgi tgp rg]'%ﬁ%Egﬁléf)?'érscgﬁtl-laﬁ’ép%?lﬁegpegé‘get H@%gké $Q1 d of apdevi ce, ] 3 the
system conprising: 4 a first beansplitter for receiving an i nage of the
device illum nated 12.by TtHeevigion 8asémoaeortigiat toseling e, wherelre thies pt idaser

providing a plurality of imges. 6 of the devjce; ) )
2 one light source is i) a first light source comprising a plurality of monochromatic

3 light sources and ii} at least one further light monochromatic source.

1 13. The vision system according to claim 1, wherein the at least
2  one light source is i} a first light source comprising a plurality of monochromatic
3 light sources and ii) a respective plurality of further light monochromatic

4  sources, each of the plurality of further light monochromatic sources having a

5 wavelength equal to a wavelength of a respective one of the plurality of

6 monochromatic light sources.

1 14, A vision system for use with at least one light source and
2 providing a plurality of images representing plural depths of field of a device,

3 the system comprising:

4 a first beamsplitter for receiving an image of the device illuminated
5 by the at least one light source, the beamsplitter providing a plurality of images
6 of the device;

7 an aperture having a plurality of effective diameters based on a
8  wavelength of light from the at least one light source, the aperture determining

9 a depth of field of the plurality of images of the device;

10 a plurality of optical elements for receiving respective ones of the

11 plural images of the device, each of the plurality of optical elements magnifying



7 an aperture having a plurality of effective dianeters based on a 8

wavel engt h of Ii%ht fromthe at |east one light source, the aperture
deterniniﬁ%sqégﬁ depth of field of the plurality of inages of the device;
10 a plurality of optical elenents for receiving respective ones of the 11
plural inmages of the device, each of the plurality of optical elenents
magni fying K& 1 19SG - 15 12 the inag Spy a predeterm ned magni fication
factor to produce a plurality of 13 nmaghified inmages; and 14 a second
beanmsplitter for receiving the plurality of magnified 1s inages and
filtering i,fd ' PSR i SNt ' 6
sourgé. 1ﬁ%£ﬁn%@%gpﬁ%gﬂ?%$ggﬁﬁbld|ngngﬂﬁﬁﬁwgﬁﬁky ofavﬁggggﬁpgg?EEE%?ing 2
pl urak deptdymifidd frmegels;0énd devi ce, the nethod conprising the steps of: 3
illumnating the device with light having a first wavel ength; 4 receiving
an i mage of the device i

lumi_nat ed by. the Light: 5 adjusti h of
fiel dof the imge BAESANY rQ@%H?'%’%’%IfOtrég\‘v%l{&@lgfaW&tW% #'@Wﬁ?@ﬁ?ﬂgnd%

providi “girﬁ$§e§ %&%E&iﬁ‘t@ﬁrﬂa@@kﬁf@#ﬁggﬁ baded Bn FwaRERIGth DT tAEAGhEI Ny a

plurality of“magnified 1"mages 2 device, the nethod conprising the
st epssof : s@urickl um nating the device with a light having a first wavel engt h;
4 adjusting a depth of field of an i mage of the device based on the 5

first length of _the Light.: litting the i . i ca.dnt
st tprurality of tinged MatheBidrevidilda P RIE BladdiTdTiaRind L0 2
magni byi ngidrBedépthst offielbalfid dedte] frROARIAGS @dnyitidime the ssépDofravel engt h of

the light to produce a respective plurality of first nmagnified 10 inages;
11 filtering the pl uralit¥_ oftfirst magni fi ed i nages_based gqn the first
3 ing

illumina he device with light having a first wavelength;
4 receiving an image of the device illuminated by the light;
5 adjusting a depth of field of the image based on the first

6  wavelength of the light; and
7 providing the image to an optical detector.

1 16. A method for providing a plurality of magnified images of a

2  device, the method comprising the steps of:
3 illuminating the device with a light having a first wavelength;

4 adjusting a depth of field of an image of the device based on the

5 first wavelength of the light;

6 splitting the image of the device into a first plurality of images

7 based on the first wavelength of the light;

8 magnifying the first plurality of images based on the first
9 wavelength of the light to produce a respective plurality of first magnified

10 images;

11 filtering the plurality of first magnified images based on the first

12 wavelength of the light;

13 providing a filtered first magnified image to an optical detector;



12 wavel ength of the light; 13 providing a filtered first magnified inage
to an optigal,dpiector; K& 1 195G -16- 14 illumnnating the device with a
| i ght having a second wavel ength; 15 adjusting the depth of field of the

i mmge of the device based on 16 the second wavel ength of the light; 17
splitting an image of the device into a second plurality of inmages 18
based on the second wavel ength of the Liight; 19 magnifying the second
plurality of inmges based on the second 20 wavelength of the light to
produce a respective plurality of second magnified 21 inmages; 22 filtering
the phurality of segnminsigy theedevioagdash bdgpd havindie se2dndacavalengtvel engt h
of the light; and 24 providing a single filtered second magnified inage to

the optical 25 detector, 1 17. A nethod for providi a.plurglity of
magnifi ed i mages of agiustingsthedeptme ﬂ%'tthfoFr@dH‘i‘ﬁQ%Pag‘q Hg‘”&e%ﬁeéfqn 3

I 11 uni.nat | | | [ , 4 receiving an image of the device
i1 umsnattka Bégﬁ]%%%ﬁﬁ%té%ggjhhslﬁnﬁg a depth of field of the inage of the
devi ce based on the 6 a wavelength of the light; 7 providing a plurality

of images of the desptdinmardmagetdfehesdevieeirdndgt eaind piralitynef imgges

recei ving, respectjive ones of the plural j|.npges of the device; 10 magnifying
each 16f t RESFLORLES Wo&qe‘%‘a‘é‘?lef‘ﬂg" 8?8’?%#'9 ﬂages of the 11 device by a

predet erm ned magnification factor to produce a plurality of 12 nagnified
i mages; 13 recei Vi ngniddwifhygrBkiserond pragmty cedmagegeescanh thE&Ssecb9dc

20 wavelength of the light to produce a respective plurality of second magnified

21 images;

22 filtering the plurality of second magnified images based on the

23 second wavelength of the light; and

24 providing a single filtered second magnified image to the optical

25 detector.

1 17. A method for providing a plurality of magnified images of a

2 device, the method comprising the steps of:

3 illuminating the device with a light;
4 receiving an image of the device illuminated by the light;
5 adjusting a depth of field of the image of the device based on the

6 a wavelength of the light;

7 providing a plurality of images of the device based on the

8 wavelength of the light;
9 receiving respective ones of the plural images of the device;

10 magnifying each of the respective ones of the plural images of the
11 device by a predetermined magnification factor to produce a plurality of

12 magnified images;

13 receiving the plurality of magnified images; and



-17 14 detecting one of the plurality of magnified i nages based on the 15
wavel engtg f tqrétfe(-%’l ight. 1 18. A vision systemfor use with a |light source

havi ng a 2 of wavel engths of |ight and providing a plurality of
i mages of a device, the 3 systemconprising: 4 a first beansplitter for
receiving an image of the device illumnated 5 by a first wavel ength of
l'ight of the light source, the beamsplitter providing a 6 first imge of
the device; 7 a second beansplitter for ‘receiving an i nage of the device 8
illum nated by a second wavel ength of light of the |light source, the

beamspli tter 9. pr oYl dhoRELPifle RAYELPb IR rifud FiagdO RBCARA tid ©

having a plurality o Ive rs ba on a 1 wavel ength of the
| i ghtissoumeareldrivghagfesthiedightdet ermi ning a depth of field of the 12 inmage of
the device; 13 a plurality of optical el emants for receiving a respective

one of the 14 first, _and ,second i deV|ce f. lity
of optlical elenents 1845 ﬁa\j‘ﬁi%?‘fﬁgaﬁ'hé) H?&g‘@ By? UOREE rcg}?ﬁqﬂrééi% R it§
magni f Cafo'f%\ﬁe?&%g}hsf&n@h?%%@sepr%vicﬁn{;%S;@l@ﬁéntv%rrmmyefslcﬁ’cta devwe; tigad 17 a
detector for recei'ving one of the maghified images based on the 18

wavel engt sysiferhicgmprisingn t he |i ght source illuninating the device. 1 19.

The vision system according to claim18, V\/nerei n the light 2 source has a

variabl e |I'ight wavel e : | ,
wher e the I gnt 2 Bahpsatiiet 1B R Ao HELE R I diycubhihdier.
1 21. sThe byi $Fiest \Sa&éléﬁ‘gﬂrmﬂl’glhmcf the Gdlat SDul‘Be, tlstEbeamsthEtehpgbtrldu@ aour ce
Is at least two |light sources. K&S-1195G -18 1 22. A vision systemfor use
with & pl Girsh iM3oepf tigHevisgvel engt hs

7 a second beamsplitter for receiving an image of the device

8 illuminated by a second wavelength of light of the light source, the beamsplitter

9 providing a second image of the device,

10 an aperture having a plurality of effective diameters based on a
11 wavelength of the light source, the aperture determining a depth of field of the

12 image of the device;

13 a plurality of optical elements for receiving a respective one of the
14 first and second images of the device, each of the plurality of optical elements
15 magnifying the image by a predetermined magnification factor to produce a

16 respective magnified image; and

17 a detector for receiving one of the magnified images based on the

18 wavelength of light from the light source illuminating the device.

1 19. The vision system according to claim 18, wherein the light

2 source has a variable light wavelength.

1 20. The vision system according to claim 18, wherein the light

2 source has a plurality of discrete light wavelengths.

1 21. The vision system according to claim 18, wherein the light

2 source is at least two light sources.



"2 and providing a respective plurality of imges of a device, the system 3
conpri si ngagé sdcld rst beansplitter for receiving an image of the device
illumnated 5 by a first one of the plurality of Iight wavel engths, the
beansplitter providing a 6 first inmage of the device; 7 a second
beansplitter for receiving an inmage of the device s illumnated by a
second one of the plurality of Iight wavel-engths, the 9 beansplitter
provi ding a second inage of the device; io a third beansplitter for
receiving an image of the device 11 illumnated by a third one of the

plurality of |ight vel gnaths, _the b | : |

I mage 1of "t he devi ce\,3313 %‘géﬁﬁfﬁlg%g"?% ‘g&b%%{]ﬂgp& gﬁ!“@#'?gg??%gb&%

di anmeber s zRasRdvRiing ddrespepses psangy of kngddsobh ddwiceltheadyistgmof | i ght
wavel engths, the aperture is determining a depth of field of the inmage of

the dévi ce0MPBisNG| urality of optical elenents for receiving a respective
one of the 17 first, second and third i nages of the device, each of the

plurality of optical, g8 ‘B'cfgﬁgﬁ}gigtﬁﬁgg%é’éiﬁﬂgtﬂ?irjnﬁgé%.fltiﬁe?e@ﬁc@ﬁh%iﬁ%ﬁ&g

magni f'i cation factor to respecCtive gnified image; and 20 a
det ectsor bera fiestedrnd ofjthnplurglityhef liglunivé veldnghieg dbethassdspitteraromdios eof
the plurali t%‘_ of | IPQE \aav_el engths illum nates the device. 1 23. The vision
syst e ac&6HMRPE 8T EMGPRYSS: wherein each of 2 the plurality of |ight
wavel engths is different fromthat of the remaining plurality 3 of |ight

wavel gngths. 1 24. Fhgscbndl ebmypitear RFGREEVVY bA iflajedlthe ubdtei n the 2
plurality of |ight wavelengths is at |east three |ight wavel engths.

K&S- 1 BISGillurpineted bysm sapend ane afgheurality 1of dight waelenathsnththd at | east
one i ght sowrce to vi. ' CSHWE §ige. 3 a first region having
a fi rét rgg@mSipi'q:ﬁﬁrc%gﬂdﬁgvga%cgwgﬁa\ﬁaeveI er?g %ﬂge'

10 a third beamsplitter for receiving an image of the device

11 illuminated by a third one of the plurality of light wavelengths, the beamsplitter
12 providing a third image of the device;

13 an aperture having a plurality of effective diameters based on
14 respective wavelengths of the plurality of light wavelengths, the aperture

15 determining a depth of field of the image of the device;

16 a plurality of optical elements for receiving a respective one of the
17 first, second and third images of the device, each of the plurality of optical
18 elements magnifying the image by a predetermined magnification factor to

19 produce a respective magnified image; and

20 a detector for receiving one of the magnified images based on

21 which of the plurality of light wavelengths illuminates the device.

1 23.  The vision system according to claim 22, wherein each of
2 the plurality of Iigﬁt wavelengths is different from that of the remaining plurality
3 of light wavelengths.

1 24. The vision system according to claim 22, wherein the

2 plurality of light wavelengths is at least three light wavelengths.




‘4 of light fromthe at |east one |light source, where the first reactive
property f{&g[ﬁ\gﬁﬁs a first depth of field of the object; and 6 a second
tt

regi on adj acen e first region and having a second 7 reactive property
to a further wavel ength of light fromthe at |east one |light 8 source,
where the second reactive property provides a second depth of field of 9
the object. 1 26. The aperture accordi nggt.o claim 25, wherein the first 2
reactive property results in a first effective dianmeter of the aperture and
the 3 second reactive property results in a second effective dianmeter of

the aperture. 1 27. _The gperture according to claim25. further_co I si ng
a 2 third region a ent%?%%@i"f‘:{/ rd‘f%p‘@&f'ya Yﬁ'%?y%g%faﬁﬂgqqﬁe%% i%ht
from the ﬁ?ht 3oLR@Sto (% bh Bje@OUbRPrisihg?8. An aperture for use with a
vision systemand a |light soufce 2 for viewing an object, the aperture
conprising: 3 aregion having a plurality of reactive properties based on a

4 wavél ength of |i glatfifstsagionehavigate fstireectivuproraity te Beinst yyavelerator

reactive 5.pr rti provi de . ctiye. pl ' . field of
tho.oif ecor BBEG o e M e AAIPHTL T vBRlE B mterieReSRPBa8e: “ana7
a furtsher pregides Afist@ripth ifieid bethe ebjeet; and absent a reactive 8
property to any wavelength of light fromthe Iight source.

6 a second region adjacent the first region and having a second

7 reactive property to a further wavelength of light from the at least one light

8 source, where the second reactive property provides a second depth of field of
g the object.

1 26. The aperture according to claim 25, wherein the first

2 reactive property results in a first effective diameter of the aperture and the

3 second reactive property results in a second effective diameter of the aperture.

1 27. The aperture according to claim 25, further comprising a
2 third region absent a reactive property to any wavelength of light from the at

3 least one light source.

1 28. An aperture for use with a vision system and a light source

2 for viewing an object, the aperture comprising:

3 a region having a plurality of reactive properties based on a

4 wavelength of light from the light source, such that the plurality of reactive

5 properties provide a respective plurality of a depth of field of the object based
6 on the wavelength of light from the light source; and

7 a further region adjacent the first region and absent a reactive

8 property to any wavelength of light from the light source.



