*K&S- $19SG -1- MULTI - WAVELENGTH APERTURE AND VI SI ON SYSTEM AND METHOD USI NG
SAME  Fl ELR, &R | | NVENTI ON This invention relates generally to machine

vi sion systens for sem conductor chip bonding/attaching devices. Mre
specifically, the present s 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 and snethod using such a nmulti-wavel ength
aperture. BACKGROUND OF THE | NVENTI ON Sem conduct or devi ces, such as
integrated circuit chips, are 10 electrically connected to | eads on a | ead

frame by ampaeefaVEIeNG B AMERE U ANV ISIaN WYce Epp AN 1 EOREO B UI DING SAME
i nvol ves pl aci ng and connecting a wire to electrically connect a pad

residing on a die (sem conductor chip) to alead in a |ead frame. Once al
the pads and | eads on the chip and | ead frane have been wre bonded, it can
be packaged, often in ceramc or plastic, to forman C is integrated
circuit device. In a typical application, a die or chip my have hundreds
or thousands of pads and | eads that need to be connected. There are nany

types of wire bondi ng equi prment FIEB@OFUBIRE INgENFIORONdI ng, sone use
ul tra-sonic bonding and sonme use a conbination of both. Prior to bonding,

vision systens or inege processing systems (systems 20 that capture images,

digi tize them and usen@ iRQERHER relledYechaFaNy fm&%cﬂnaé YR sPsemisRf on wire
bondi ng machines to align devices and guide the machine for correct bonding
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whet her the oLevA ce nee Sh
od using such a multi-wavelength aperture.

BACKGROUND OF 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
1 ' wi:re bonded, it can be package'd, 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 fo 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 viewto kggl%gsGas many fiducials as possible, while a second neasurenent
may require Hi resolution to inmage fine details. Further, these various
s 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 nul tiple magnifications are handled_-py having a separate canera for
each desired magnification level. Such a conventional device is shown in

Fig. 1. In FEi i I NQ. deyvi 0Q incl. Lectiv 104,
poditure 1oaepedt maAlR CRTTEVER DR RE P Phed e BRR 104
canmer as 1l6pretitBerrhimedpguistity landatdingenefmessiremeidnasg refjuresantdrgedield
t hrough object lens 104 as transnmitted i mage 120 and in turn through
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selected so ,as to, provide the desired magnjfication of divided |ight 124
and 128, re%ﬁ?@&’?@@lb%dr'ﬁsq}%ﬁg% VIEW &g idggalfsi'rrages 130 and 132, which are

I nci dent .on caneras 116 and 118, respectively. 20 This system has drawbacks,

however, in that it regebheSitRrERRFERYAs CAM aul®ble Baghifl@YRhsdre handied
magni fication desired, and also require that nultiple apertures be provided
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shown in Figs. n | A ‘and®2 s used in
cgnbi nat i orohjettivelaracddd, eemurespbb) beam2@itter 1@Eemierot wd Oparghayf lenses ons

of "devi ce 20 ith a single ¢ r 216. As shown in Fig. 2A. first
beanspl |t 2208 G SPRETH R, 110s FroPiAten 41 YHeor 4 <iols 10365 each
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about half the illum natiion of light rays 224. Wen shutter 218 30 is in a
first positthoengh ppartureydtoesimeee di2dv ehneade fli2gnisrivaidenh@nrieg¢aiy Splitker214.

On the ot hefodqfidenih Wn uiNTed e RhRt FRINIMEEE 125 Ieb st ATaéd fighP rRzcom®
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

8

each level of magnification desired, and also require that multiple apertures be
provided to handle different depths of field, thereby resuiting 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 bf about equal illumina'tion, 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- magnified light rays 230. In turn, magnified |light rays 230
are incident_ qn econd beansplitter 222, a portion (about 50% of which is
transnittéﬁ&%glgﬁgnera 216 as light rays. 236. The remaining 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 recei_v-Jng at canera 216. In addition, the
i nclusion of shutter 218 increases the conplexity and cost of this system

Al ternatively,..and,. hown i n_Fi.g. 2B, n, shutter is.in
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as magnified light rays 232. Simlar to Fig. 2A, a portion 236 of magnified
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to the noving shutter nmechani sm ™ SUVWARY OF THE | NVENTION - 20 In view of

the shortcomi ngs of the prior art, the present invention is directed to an
aperture having di f fAlfentetiveheand es ghawmet ior §gbaBeavhan shutiay i iengsaceid
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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

Q: 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 muitiple 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



the Iight source; an aperture having a plurality of effective dianmeters
based on 30 the wavel ength of light fromthe at |east one |ight source, the
aperture deserrdsg ng a depth of field of the image of the device; and an
optical elenment K&S-119SG -4- for receiving the inage of the device, the
optical elenment magnifying the inmage by a predeterm ned magnification
factor to produce a nagnified image having the determ ned depth of field.
According to anot her aspect of the invent4on, the aperture is a 5 dichroic
aperture. According to a further aspect of the invention, the optical
detector for recedrimg dheAvagedeimdiet de\dte,| heamut ded relermpat madnifjiegithedntzigen,

the light has a ; wavel epngth i he visible spectrum_1Q_Accor di to yet
hnot her asBict PedethET Gt b ratan istor teep Bkt Madined dred o
splitters. yRCgefdimpelUebthWrtdted. aspect of the invention, the aperture
conprises a first region having a first reactive property to a first

wavel ength of light fromthe at |east one |ight source; and a second region
adj acent the first 1Bceerfling tammolag agpect sddoadnyeniien Vdeprpprdrts isd a
further wa t ight fromthe at |east one light source, such that

t he fi%st (\F{@hg ?\ﬂl}eﬁ%%érty provides a first depth of field of the object
and the second reactive property provides a second depth of field of the
obj ect. According toAstotding t @ fundreraspect obthé revdrticenttherpptidaé detectbr 20
reactive property results in a first effective dianmeter of the aperture and
the second %ﬁéﬁe property results in a second effective dianeter of the
aperture. According to yet a further aspect of the invention, the aperture

conprises a regi on havtsvdirng Bb dtifldroth&f asRagtdftBeNh0BRlibh ShdRSEEN S ad

velength of light fromthe |ight source; and a further region adjacent the
fi-rst 25 Wayelenashdn dbeairible snesttinte property to any wavel ength of |ight
fromthe |ight

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

i5 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.



source, such that the plurality of reactive properties provide a respective
plurality of a depth of field of the object based on the wavel ength of |ight
from the KgghtlSS&urce. 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 ments of the invention. BRI EF DESCRI PTI ON OF
THE DRAW NGS 5 The invention is best understood fromthe follow ng detail ed
description when read in connection witH ?he acconpanying drawing. It is
enphasi zed that, according to comon practice, the various features of the

drawing are not to sdhFee and ether @sheets §f thenavanbensarermetderthnkelowr vishs
f eat ures a|r ?elaérrﬂehfoa H% }ﬁrf\fﬁ’\ 4G5 Ble El@%@ﬂa{f ?f; eg%ﬁ@rl%ﬁ(/ ernPobiAER:s & dHze

draw ng G'Gre ow ng Fi gures representation of
a vision sy\séetnbaccor ding to the prior art; Figs. 2A and 2B are schematic
representati ons of another vision systemaccording to the prior art; 15

Figs. 3A and 3B are sche rRJ EF ﬁé}%@ﬁﬁﬁ 6N gpsn,pé E@AW?N@@ system accordl ng
e

to a first exenplary enb rrent presSent 1nvention; Fig. 4 is a
schematic representation of a vision systemaccording Cto a second

@ ahrotc apertur o actir Ao oM ETE TouRBhe I B S UEL coent

i nventi on;dddcgipth Wiieh r@laann\uoa\rde@fnoﬁ v@ttﬁhiﬁ@laec@:wawrreg ammm@l ng iso
anot her exenBI ary enbodi ment_ of the present invention; 6is a
P

Schemat | ¢ BBPESEREARENAGIOTHING k6 GAMEYRN BIAGHSEOF0F NgTioLs f%ﬁ“é’)@é_rﬁfltﬁﬁy
enbodi ment r%(mﬁ&earl%r:?c?t%tsdanéﬂe'ﬁd Bk Ebhtrh A, AR RINSEY theVafbBET Of

aperture; .
( features are arbitrarily 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

C to a second exemplary embodiment of the present invention;

Figs. 5A-5C are views of a dichroic aperture accordlng 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



1 K&S-119SG -6- Figs. 7A-78 are a schematic representations of vision
systens according to another exenplary enbodi nent of the present invention
utilizing Ketr-&X2np| ary 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 shown)
havi ng a predeterm ned wavel ength. In a preferred enbodinent, this

wavel ength is within either the visible spectrumof light or ultraviolet

ectrumof |ight. Light 330, representing_ an_image of device 10 302,
ZPrer geg from : gns 30%%'&%@?[&@ 5§§ m sc,cgrréprg%&;i]taé@aga fgv:gﬁg;/sb/gﬁ?mgn
di chroi ¢ splktétdhhg ¥0%noMRkE BxemplatiyNemeblrREEst 8F DBt ahva@idn efilighgl 1 ght
rays 330 as reflected light rays 332, based on properties of splitter 308

whi ch are afepesioalaryupeirahepaguet.ength of light illuninating device 302.
As dichroic splatters are not 100% efficient, a small portion of |ight rays

330 will pass 15 through dichroigesphigt @esti@pasoN ght rays 334. Light rays
332 are then reflected by mrror 310, such as a planar mrror, as |ight
rays 336 so as to allow themto be magnified by optical relay 314. In an

exenpl ary embodi ment ,pefBRIAG 8 Fidd. DA add 385 ok %ﬁbﬁ}rytéfﬁ_@ohﬁ*ﬁénﬁﬁm@! y

havi ng a predeterm ned naghification factor. Based on this magnification

factor, |ighesardyisvgsboariesora. nmaghich i3éd deaviteed@? ¢ ilfuroinadpd ibyad light ay 314

ifi | i ' by, t f_skidl in th t,
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light rays 342 to be incident on a surface of dichroic splitter 322. In 25
addi tion, Hltghtioltyspestaim pivions diaht g 30, dePpssantiaa i dagienfydevice
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an exenpl adichroic splitter 308, which in turn reflects a substantial portion of light rays
330 as reflected light rays 332, based on properties of splitter 308 which are
dependant upon the wavelength of light illuminating device 302. As dichroic
splittérs 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 maagnified 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
L 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 dptital 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 nent, the magnification factors of optical relays 312 and 314 are
different fromaone another. Dichroic splitter 322 has properties, based on
t he 30 vvav'é%‘%ﬂdtgﬁ(;of light illum nating 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 multiple i mges are
not provided to optical detector 316. Qv the other hand, dichroic splitter
322 has properties, based on the wavelength of light illum nating device

302, allow.n ni. f.i e ight.,.rays 342.t0.be directe d i

det ect or HEC TRl ab: Vit Hey FHBR eeBy R R nA IR PP bR e
only a singdtecttroBiél esh kB @ehef hdsy, gehifle splifted 322 BE€ presereitsp das@mbnof
the present invention optical detector 316 e’rr)wé%/?@be a_ canera, such as a CCD

or VDS cdiérdevelenathediionbrlwairating deviee citoralopimymagefied dich iy ¢ o
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on dichroic splitter 308, which in turn passes a substantial portion of
light raydPS80.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 . % ef fd. ci ent | . I frli rays 350
w.ll be reflected gée%?hﬂég‘?oc& g%lﬁ'@t%@ %%\acgrs%rzeﬁ‘sﬁg{éwéggﬁe%gw a?h hst 354.
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magni f i ed sbegtrum @fdight. In Fig. 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.
(H magnified by optical relay 314 as magnified light rays 358, which are then
redirected toward dichroic 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 iight rays
25  362. As aresult, magnified light rays 362 are incident on dichroic splitter 322.
As discussed above with respect to Fig. 3A, dichroic splitter 322 has properties,
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 aresult, magnified light rays 362 are incident on dichroic
splitter 322. As discussed above with respect to Fig. 3A, dichroic splitter
322 has prdffe?til€8G based on the wavel ength of |ight illuninating device
302, such that undesired light rays 360 pass through splitter 322, and thus
are directed away from optical detector 316 as discarded |ight 364. On the
ot her hand, dichroic splitter 30 322 has_%r_operties, based on the wavel ength
of light illumnating device 302, allowing magnified |ight rays 362 to pass

through spljtter 322 as inmage rays .366. |t , is i e, rays 6. whi,ch_.ar e _now
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424, and |ight source 428 is used to provide magnification of device 302

through | éheuai£ semies phginhreisaniisiers 48dort 18 4@l iandr43@ndadhaexeraplary 434
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respect i veloy. th2Onibgniificatédrr desirdoiwin fiee exeanle éhestpdtedyinefigod; fight source

Functions, 4%6 is used to provide magnification 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 thé 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 reftected 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 magnify
an image of device 302 by a specific magnification factor achieved through
| ens 434, H¥AL93Burce 428 is activated and the remaining |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 illum nate device 302. In Purn l'ight rays 440, representing

an image of device 302, energes fromlens 304, are reflected by mrror 402
as refl ect édeIrefactadaby smitearféfo dthecthan paseina threwshite Shess feiledied. As
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| i ght sources 416 ferring an exenpl ary
d| ¢hroic aperture 500 has various regions 502, 504 and _506. As shown in
Fig. 5A, in aperture R&fetring egiwoio B@2. PAprEsentexemplary diroic apertarseb@lr e

e on B Ve R T8, OT S 00 A i Pt LSRR =
regi on 506rdfisn& 0l ents a ymatiberof théaapedtu:@rwhém)hesmits:a@ pordtraie, wher e
| i ght having a second wavel engt h k2
region 504 has a dlameter d1 and represents a portion where light having a
15 first wavelength A1 can penetrate, and region 506 has a diameter d2 smaller
than d1 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
C observed. Therefore, as a result of illuminating the object to be observed by
light having different wavelengths (in this example A1 or 1.2), 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 dl resuiting 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 A2 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 iljustrated 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 ength
will also gg % rough this region. As is known to those skilled in the
opti cal ar €158 di aneter of an optical aperture affects the depth of
field (DCF) and 20 Modul ati on Transfer Function (MIF) (or optical

resol ution) of the object being observed. Therefore, as a result of

illum nating the object to be observed by, |ight havi ng different

wavel engths (in this exanple X1 or X2), t e DOF and MIF may be controll ed.

For exanpl 3 h | engt h
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aperture 500 has a dianeter d2 resultl ng in greater DOF 512 and | ower

MIF. Al t hough not shown in Fig. t he portion of ght havi ng wavel ength
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to device 302.  Those of skil he art understand that It is
desi r abl e therwavelengihg mﬁg/chamsllgrgm Siowit @etoatee emboaizeenbdbecemrél to that

.Of T ght Sou ellﬁ?f%!naq &h k& TGHS [ReL 5488 Ei%earr%r}ﬁ%%ent on device 302 via

15 dichroic splitters 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
~7 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 frorh 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 {imited. It is also possible to add



t he wavel engths may vary slightly. Simlar to the enbodi nent descri bed
above,‘illﬁgin tion for light sources 406, 428 are incident on device 302
via 1s di chFSP %ﬁ#”tters 404, 408. Light rays 330, representing an inage 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 light 4,rays 330 as reflected |ight rays
(not shown), based on properties of splitter 308 20 which are dependant upon

t he wavel ength of ,L.ight source 602. e repgini | i.ght is_i.ncident on
dichrot o apereisne! Se8" SalBs ek o fGer SRaER: dRa WM nbetee diTbel
aperture 586iteelsuss sektredefdrediree, 8 aneteimiRs 6f SeaiRird vah@lengind passes
the light onto relay lens 412, such as an achromatic |ens hangga%ﬁ_
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resul tant ; 'é’%g IS iq%]g on optical detector 316. Because of the
reaction O%%E'TLC rchasméé]pgruturer'to t he wavel ength of light fromlight sources
602, 406, 428 on device 302, the depth of field nmay be either narrow 608 or
deep 610. | n anot her Fipseijfl-dByiilestvets obhver, exdengblarg @unbedifhtewf thapresent

ari abl e wavel engt.h to adj.ust .t he DOF the object bein bserved, a
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dichroic aperture 500 is incorporated into the enbodi ment escrib?F above

wi th respetied With 31y AUMPLILR RIFTIUTERS P6iHAR o 3RiGPe kehElngth light
represent %d&@es)hﬁﬁ\@‘fﬁgat;niﬁ‘i@hﬁoﬁ%@ﬁé,aés}’d@ﬁ?&ﬂi ment addresses only two

magni fication paths, rather that the three magnification paths of Fig. 4.

The
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 ultraviolet 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

L' device 302.

In the exemplary embodiment of Fig. 7, only one light source at a
time is used to iluminate 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 lenses 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



C lo invention is not so limted and it is contenplated that the invention .
may be usgggWigkcany nunber of |ight sources (including variable wavel ength
| i ght sourceﬁ% and magni fication paths, as desired. As shown in Fig. 7A

devi ce 302, disposed on substrate 301 for exanple, is illum nated by one of
| i ght sources 406, 428, each having a 15 different wavelength. In a
~preferred enbodi nent, these wavel engths-ape wthin either the visible
spectrumof light or ultraviolet spectrumof light. Illumnation emtted by
each of |1 @HhooR 589 rémathingGliibol@uakavaerpae é@#ghttﬂfafghag FeRel s el
dichroic splitters 404, 408, "and 430 and dichroic aperture 00. Light for

t he one acthroeghidithradoaptden0d044286chndded. t Heldfi¢reiy vandes ¢shawstisr of

di chr oi by adj-ysti h f deyi .
the exenpi By 7Brishr amrttcratty B0 10 Bl S5 o JARE R Emife eV used
to illum nadir whevirsgy H2pieranih NgheRayR0ZeR04 edsp@anidiy.cation and DOF.

For exanple, light source 406 is used to provide magnification of 25 device

302 through lens 412 at a first DOF, and |ight source 428 is used to
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i nvent i on, mibeificabigni pathat aodesiaed.or of | enses 412, 434 is 2x, and 8x,
respectively. 30 Furthernore, filters 706, 710 may be added to respective

magni fi cati on paths desired_to .elimnate cross.,c l.ing.between the
mage:ehgth; ofplightAﬁﬁoﬁggk&fégxfnqﬁéﬂ%é%ﬁ@ﬁﬁﬂ*ﬁﬁyeﬁéﬁﬁbﬁgﬁﬁeﬂﬁﬁggired
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. 404,406, and 430. Additionally, and as shown in Fig. .78, achromatic
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of skill in the art, this approach ma e nodified and expan use nore
t han two Ithghrusapiniteandusdope of the present invention.



magni fi cati on paths as desired. Although the invention has been descri bed
with reference to ¢ exenplary enbodinents, it is not linmted thereto.

Rat her, the appended clainms 10 should 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. 13 Wlat is Cained: 1. Avision systemfor use with at

| east one light source and providing a plurality of images representing
plural depths of field of a device, -tim-systemconprising: a beansplitter
for receiving,an i mage of the device illumnated by the at |east one |ight.
source, tMdabénkEIMedt er providing one of the plurality of immges of the
devi ce based in a wdvel iR Syptefhdon Pehtvibak (east ape,fight spwcaaRdng a
plurality mbvigfdoes blwelitd GFRi=es ropeeantiy blveal dupred engéla &ffa heabé, from the

at | east one light source, the aperture determining a depth of field of the
i mge of t!He SYEFMLEOMBHHEEh optical el ement for receiving the i mage of the
device, the optical elenent magni fying the i nage by a predeterm ned
gagan i ]ga]E i olndf agt orTa.hbéammi@wc'f@r PecBRGR &h gﬁagér@gehflawag iltdirﬁinéﬁ;dens\mhned

epth of fie : . yision systemaccording to claim erein the
apor ture 1 1528k POF dokb SpYites s SRR ORe: Bibvidad el e HGTRO ok i m 1,
further cphggdsofife denicefasedlin detaclangth of treckdhtesoube; magni fi ed i mage. 4.
The vision systemaccording to claim3, wherein the optical detector is a

camera. 5. The visiaqg é&éﬁu‘?&"hﬁ%ﬁéﬁjbf&%l&? o?%ﬁ’ie%\% dishRElshdsBE ARhkcal
detector is a posSi tron sensitive~detectof. . e VI Sl on syst em accor di ng to
claim1, waeelehgthtofdight gram tinat ieagkhors behjteeuree, dhe aperthle determirn@aspect rum

and i) agepthtdrMEPbeineSRRIY S the device; and

an optical element for receiving the image of the device, the
optical element magnifying the image by a predetermined magnification factor
to produce a magnified image having the determined depth of field.

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

aperture is a dichroic aperture.

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

an optical detector to receive the magnified image.

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

detector is a camera.

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

detector is a position sensitive detector.

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

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

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

beamsplitter is a dichroic splitter.

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

of optical elements is at least one lens.



7. The vision systemaccording to claim1, wherein the beansplitter is a
dichroic splitter. 8. The vision systemaccording to claim1l1, wherein the
plurality of optical elenents is at |east one lens. -14- 9. The vision
system according to claim8, wherein the at | east one |l ens has a

predet erm ned nagnification factor. 10. The vision systemaccording to claim
1, wherein the at |least one light source is a nonochromatic |ight source. .
11. The vision systemaccording to claim 1, wherein the at |east one |ight
source is a plurality of nonochronati_ 4“i ght sources, each of the plurality
of light sources having a respective wavel ength. 12. The vision system
according to claiml1l, wherein the at |least one light source is i) a first

| i ght source conpri%i ng ahplvisial bysjzemfaqcorrdix@ta)datrh @&, wWhegéin theat deest and 1)

at | east gneleillﬁ'gxtah%lpre:,\%&trmw?@cf gﬂﬁ%ﬁgn fa%'t’ 13. The vision system

accordlngto erern eas one |l ight source is i) a first
| i ght source conprising a plurality of nonochromatic |ight sources and ii)
a respecti ve pl uralid.y offhé wisidresystémtaccomiar tir daim ilc wheoeindbs at &ash of t he

pl urali ty bél_#rstopg {slag;% BB%HHtB’T@;?ﬁitE%&:%Er ces having a wavel ength equal

to a wavel a respectl ve one e plurality of nonochromatic |ight
sour ces. 14 A vision systemfor use with at | east one |ight source and

providing a plural ity of TNEYIRRD PSPBSEARTANY 1 dPiar ladperandhepf &gt of a

device, $hLliGHSoareLRMEpiuSAIRY of trdrochlonigti gHtisbliffesf 85cH 6Ctplevi Ng an i mage
of the deV| c |Ili1m nat ed I?#/Vét he at | east one Ilght source, the

beanspl i tfPHFa by 8t lightrRpuicss Rpving g yesreciMe yevelegpth-ne devi ce; an aperture

having a plurality of effective dianeters based on a wavel ength of I|ight
fromthe at |east arie |iTH visour gestert lrecarders wr daidetle whenginghe atdegsth of

field of 3%eli&tu§o%|réé ¥% ﬁfa ﬁl@%ﬁﬁt %urtcg%o%%\‘iisﬁ%;a plurality of monochromatic

light sources and ii) at least one further light monochromatic source.

13. The vision system according to claim 1, wherein the at least
one iight source is i) a first light source comprising a plurality of monochromatic
light sources and ii) a respective plurality of further light monochromatic
sources, each of the plurality of further light monochromatic sources having a
wavelength equal to a wavelength of a respective one of the plurality of

monochromatic light sources.

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

the system comprising:

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

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

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

a plurality of optical elements for receiving respective ones of the
plural images of the device, each of the plurality of optical elements magnifying



a plurality of optical elenents for receiving respective ones of the plural
i mges of the device, each of the plurality of optical elenents nmagnifying
15- the inage by a predeterm ned nagnification factor to produce a plurality
of  magnified i mages; and a second beansplitter for receiving the plurality
of magnified imges and filtering the magnified i mages based on a

wavel ength of the light source. 15. A nethod for providing a plurality of

i mages representing plural depths of field of a device, the nethod
conprising the steps of: illumnating-tjge device with |ight having a first
wavel ength; receiving an inmage of the device illum nated by the |ight;
adjusting a depth of field of the inmage based on the first wavel ength of

the |ight ihanpdadyd BY bdiregdetehRinddBagghificafbroRkidrab é:ﬁ‘&_ﬂl%’et@blurél&y ok method for
providing a plurality of magnified i mages of a device, the nethod

conpri si Nenddmericsk idyedf andil | um nating the device with a light; receiving an
i mge of the devi ce 'i | | um nat ed by the light; adjusting a depth of field of

the image of the de\éigéeob@beam_@pn&@eroraed&amdr]aﬂgbmraftytdﬂehédrgﬁéd providing a
plurality of inmages of the device based on the wavelength of the Iight;

recei Vi ngimegseaid fitedi thedinayRfien ithages badgiesn afwavagerid@N iof ehe ligigni fyi ng
each of the respective ones of the plural images of the device by a
pr edet er msa@@emagni fi cati on factor to produce a plurality of nagnified
i mges; receiving the plurality of magnified images; and - 16 detecting one
of the plurality of usagniA methddfgesoidisgd plardlite of images representing
plural depths of field of a device, the method comprising the steps of:
illuminating the device with light having a first wavelength;
receiving an image of the device illuminated by the light;
adjusting a depth of field of the image based on the first
wavelength of the light; and

providing the image to an optical detector.

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

device, the method comprising the steps of:

illuminating the device with a light;

receiving an image of the device illuminated by the light;
adjusting a depth of field of the image of the device based on the

a wavelength of the light;

providing a plurality of lmages of the device based on the
wavelength of the light;

receiving respective ones of the plural images of the device;

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

receiving the plurality of magnified images; and



wavel ength of the light. 17. A vision systemfor use with a |ight source
having a plurality of wavel engths of light and providing a plurality of

i mges of a device, the systemconprising: a first beansplitter for
receiving an image of the device illum nated by a first wavel ength of |ight
of the light source, the beansplitter providing a first inmage of the

devi ce; a second beansplitter for receiving an i mage of the device

illum nated by a second wavel ength of |light of the |ight source, the
beansplitter providing a second inage;pf the device; an aperture having a
plurality of effective diameters based on a wavelength of the |ight source,
the aperture determning a depth of field of the imge of the device; a

plurality of opticaleteb@nAgBhs of ehe b@@aityionaqa?gnﬁﬁeﬂoﬁféde\é%dae@ opfthkhe first
and second inmages of the device, each of the plurality of optical elenents

magni f yi ngravhlengtragfethigylightpr edet er m ned magni fication factor to produce a
respective magnified i mage; and a detector for receiving one of the

megni fi ed i nages baged oR vidigh syeupl BRULE WA 4 GHY sduEThblRg d WDtaiBpur ce

illum nating the device. The vision systemaccording to claim

wher ei n t hewhaivghngthsafilight hag paowding &biplardlity bt imegeas efrydévica,gheThe vi sion
system accgordin . im1l7, wherein the light source has a plurality of
di screte F’Ysgtﬁr'tn (’\‘C/\‘?an{;'/@rlsg'lﬁ%t hs. 20. The vision systemaccording to claim 17,

wherein the |ight $@uSEnTsRttel fStecdiVg! drita oo e evicklilurdinatéd Vi sion
systemfor use with a plurality of |ight wavel engths and providing a

respect i veY @l firshwavsleasth ofdighd of thelighh souEce, the begmsalisteciayiding Ag: a first
beamspl i t kgt ifQhe bEERL MENBe;an | mage of the device illum nated

a second beamsplitter for receiving an image of the device
illuminated by a second wavelength of light of the light source, the béamsplitter

providing a second image of the device;

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

image of the device;

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

respectlve magnified image; and

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

wavelength of light from the light source illuminating the device.

18, The vision system according to claim 17, wherein the light

source has a variable light wavelength.

19. The vision system according to claim 17, wherein the light

source has a plurality of discrete light wavelengths.

20. The vision system according to claim 17, wherein the light

source is at least two light sources.



by a first one of the plurality of Iight wavel engths, the bearnsplitter
providing a first imge of the device; a second beansplitter for receiving

an i mage of the device illum nated by a second one of the plurality of
| i ght wavel engths, the beansplitter providing a second i nage of the device;
a third beansplitter for receiving an image of the device illumnated by a

third one of the plurality of |ight wavel engths, the beansplitter providing
a third immge of the device; an aperture having a plurality of effective

di aneters based on respective wavel engtbhs of the plurality of |ight

wavel engths, the aperture determning a depth of field of the imge of the

device; a plurality of optical elenents for receiving a respective one of
the first, second 2dd tHt Vi§iamexsseamder usrewib Rlgralisy of light Wﬁt—‘:e'ﬁ'l’%hél ity of
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factor to produce a respective magnified image; and a detector for

recei vi ng OYPEI%he magnified i mages based on which of the plurality of

| i ght wavel engths illum nates the device. 22. The vision systemaccording to
claim 21, wherein eacﬂirsbbeamlsplitpénﬁoah'édewing ahiimhtye whtled dagitd dlunsindtiedf er ent
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a second beamsplitter for receiving an image of the device
illuminated by a second one of the plurality of light wavelengths, the
beamsplitter providing a second image of the device;

a third beamsplitter for receiving an image of the device
iluminated by a third one of the plurality of light wavelengths, the beamsplitter

providing a third image of the device;

an aperture having a plurality of effective diameters based on
respective wavelengths of the plurality of light wavelengths, the aperture
determining a depth of field of the image of the device;

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

produce a respective magnified image; and

a detector for receiving one of the magnified images basgd on
which of the plurality of light wavelengths illuminates the device.

22. The vision systemn according to claim 21, wherein each of
the plurality of light wavelengths is different from that of the remaining plurality

of light wavelengths.

23. The vision system according to claim 21, wherein the

plurality of light wavelengths is at least three light wavelengths.



