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shown in |PI g. 1. In Fig. 1, imaging device 100 includes objective |ens
104, apefiFdeo6, beam splitter 108, mirror 110, relay |enses 112, 114,

and caneras 116, 1%8erelft SRS ek 8P wirdBodd MR BhnefS Wohif vk fetni bonding, some

15 use ultra-sonic bonding and some use a combination of both. Prior to bonding, vision systems or

image processing systems (systems 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

20 after various steps in the fabrication process. During such process steps, it may be necessary to
obtain multiple views of the device under different magnification levels to determine whether the
device meets predetermined quality standards. One measurement may require a large field of view to
include as many fiducals as possible, while a second measurement may require a high resolution to
image fine details.

25 In conventional systems, such multiple magnifications are handled by having a
separate camera for each desired magnification level. Such a conventional device is shown in Fig. 1.
In Fig. 1, imaging device 100 includes objective lens 104, aperture 106, beam splitter 108, mirror
110, relay lenses 112, 114, and cameras 116, 118. In operation, an image of device 102 is
transmitted through object lens 104 as transmitted image 120 and in turn through aperture 106 as

30 image 122. Image 122 is incident on beam splitter 108, which in turn divides the light from image



transmtted through object Iens 104 as transmtted i nage 120 and in turn
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20 Alternatively, when shutter is in a second position, light rays 228 are prevented from
reaching relay lens 212, while light rays 226 are directed through relay lens 214 by mirrors 210, 220
as magnified light rays 232. Similar to Fig. 2A, a portion 236 of magnified light rays 232 are
received by camera 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

25 and second splitter 222. The light 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.

Figs. 3A and 3B illustrate the details of the imagers used in a conventional dual

30 camera approach. In Fig. 3A, under low optical magnification (2 times in this case) object 302 is

received by image sensor 304 as optically magnified image 305, via first optical path 303, and



shutter nmechanism Figs. 3A and 3B illustrate the details of the imagers
used in a conventional dual 30 canera approach. In Fig. 3A, under |ow
optical magrBfs2ati on (2 tines in this case) object 302 i PCTS0B348¢d by

i mge sensor 304 as optically magnified i mage 305, via first optical path
303, and WD 03/058221 PCT/ US02/ 34841 3 provided to the inmage processor
(not shown). In this exanple the Field of View (FOV) is about 114 mls x
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and the sensor. A first magnification of the device is based upon a projection of at least a first
portion of the device via the single optical path onto a predetermined area of the image sensor, and a
20 second magnification of the device is based upon the projection of at least a second portion of the
device via the single optical path onto a second predetermined area of the image sensor.
According to another aspect of the invention, the image sensor aggregates charge
from selected pixels of the pixel array into a binned charge.
According to a further aspect of the invention, the first magnification is greater than
25 the second magnification based on the binned charge.
According to yet another aspect of the invention, the first magnification of the device
is based on only the optical magnification factor and the second magnification is based on the optical
magnification factor and a binning of pixel charge from the pixel array.

According to a further aspect of the invention, an image processor is coupled to the

30 image sensor.



According to yet another aspect of the invention, the first nagnification
of the device is based on only the optical magnification factor and the
second neyoioBiossei on i s based on the optical magnificati @eeTfsorss4and a

bi nning of pixel charge fromthe pixel array. According to a further aspect
of the invention, an image processor is coupled to the 30 inage sensor. WO
03/ 058221 PCT/ US02/ 34841 4 According to still another aspect of the
invention, for the second magnificationd4the plurality of pixels are
grouped into a plurality of superpixels, each superpixel configured in an M
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15 According to yet another aspect of the invention, the system is mounted on a
semiconductor processing apparatus.
These and other aspects of the invention are set forth below with reference to the
drawings and the description of exemplary embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
20 The invention is best understood from the following detailed description when read in
connection with the accompanying drawing. It is emphasized that, according to common practice, the
various features of the drawing are not to scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity. Included in the drawing are the following
Figures:
25 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;
Figs. 3A and 3B are illustrations of magnifications of an object according to a
conventional dual imager system,;
30 Fig. 4 is a perspective view of a semiconductor processing apparatus utilizing a single

imager vision system according to an exemplary embodiment of the present invention;



25 Fig. 1 is schematic representation of a vision systemaccording to the
prior art; Figs. 2A and 2B are schematic representations of another vision
syst em acworudiossz2t o the prior art; Figs. 3A and 3B are i[PCoatsozs4sens of
magni fications of an object according to a conventional dual inager
system 30 Fig. 4 is a perspective view of a sem conductor processing
apparatus utilizing a single imager vision systemaccording to an

exenpl ary embodi nent of the present invéntion; WO 03/058221 PCT/ US02/ 34841
5 Fig. 5Ais anillustration of a pixel array of a single imger according
tloI ant e?errpl a][y enbodi rrelnt of the present invention; Fig. 5Bis an
illustration of an optical elenent configuration for the si mager of
Fig. 5A accordi ng Hi® dnis ek dwpratiop °§ﬁ8681131%r@ﬁ %Bﬁmgll‘?émfﬁeé?‘ecﬁf‘{]%ﬁélﬂtl gn 5

Figs. 56 ggm@{)(ﬂm'ehtldf%{erlﬁ‘éslaﬂq%eﬁﬁorpr oviding illumnation to a subject
devi ce ing to exenplary enbodinents of the present invention; Fj
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15 machine, for example.

Referring to Fig. 5, an exemplary embodiment of the present invention is shown. In
Fig. 5, object 502, such as a portion of a semiconductor device, is magnified by optics (not shown in
this figure), having a fixed optical magnification factor, and provided to a single imager 500 via
single optical path 503 as magnified image 505. Imager 500, such as a CCD imager or a CMOS
20 device for example, is comprised of an array 504 of pixel elements 506 arranged along columns 512
and rows 514. Magnified image 505 is provided across a portion of the pixel elements 506 and may
span the entire height and/or width of pixel array 504.
An example of optics that may be utilized is shown in Fig. 5B. As shown in Fig. 5B,
optics 520 is disposed between object 502 and imager 504. It is contemplated that optics 520 may be
25 a combination of any number of a lenses, apertures, mirrors, beam splitters, polarizer, and/or filters.
Referring again to Fig. SA, in order to provide a highly magnified image of object
502 (or a portion thereof), object 502 is magnified by a fixed optical magnification factor via single
optical path 503 and onto subblock 510 of pixel array 504. Subblock 510 may be located anywhere
within array 504 and have a configuration based on the specific task at hand. Preferably, subblock
30 510 is located in a central portion of pixel array 504. According to the exemplary embodiment, the

effective magnification of object 502, projected onto subblock 510 as image 507, is based solely on



An exanpl e of optics that may be utilized is shown in Fig. 5B. As shown in
Fig. 5B, optics 520 is disposed between object 502 and i nager 504. It is
cont enpl awed3kael opti cs 520 may be 25 a conbination of @&oy/usardsul of a

| enses, apertures, mrrors, beamsplitters, polarizer, and/or filters.
Referring again to Fig. 5A, in order to provide a highly magnified i mage of
object 502 (or a portion thereof), object 502 is magnified by a fixed
optical magnification factor via singleé optical path 503 and onto subbl ock
510 of pixel array 504. Subblock 510 may be | ocated anywhere w thin array
504 and have a configuration based on the specific task at hand.
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20 are formed in square arrays to avoid distortion across the width versus height of effective image 505.
On the other hand, if desired, the aspect ratio of effective image 505 may be adjusted based on other
than a square superpixel configuration.

As illustiated, according to the exemplary embodiment of the present invention,
lower level magnifications of a device may be achieved via a single optical path and a single set of

25 optics with a single imager by configuring the pixels of the imager into superpixels and binning the
charges of the individual pixels contained within each superpixel. A trade off is realized, however,
in that the binning of pixel charge has a negative effect on resolution. One the other hand, binning
allows for lower light levels than those required where binning is not used.

‘An exemplary approach to providing illumination is shown in Fig. 5C. As shown in

30 Fig. 5C, illumination to enhance viewing and processing of an image of device 502 may be provided

by external source 522. The illumination may be in the visible light spectrum, the ultraviolet



On the other hand, if desired, the aspect ratio of effective inmage 505 may
be adjusted based on other than a square superpi xel configuration. As

i1l ustratwo,03as2er ding to the exenpl ary enbodi ment of thePprasens4s41
invention, |ower |evel magnifications of a device may be achieved via a
single optical path and a single set of 25 optics with a single inmager by
configuring the pixels of the inmager into superpixels and binning the
charges of the individual pixels containmed within each superpixel. A trade
off is realized, however, in that the binning of pixel charge has a
negative effect on resolution. One the other hand, binning allows for
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Clained: 1 1. Avision systemfor providing a plurality of inmages of a
devi ce, the system



2 conprising: 3 a single imge sensor having a predeterm ned pixel array;
and 4 optical neans di sposed between the sensor and the device and form ng
a single V030482215 path between the device and the sensorpc1Buswsigiin a
first magnification of the device is based upon a projection of at |east a
first 7 portion of the device via the single optical path onto a
predeterm ned area of the inmage sensor, and a 8 second magnification of

t he device is based upon the projection®&f at |east a second portion of the
9 device via the single optical path onto a second predeterm ned area of
the image sensor. 1 2. The vision systemaccording to claim1, wherein the
i mge sensor aggregates 2 charge from sel ected pixels of the pixel array
into a BVhhedlemadge. 1 3. The vision systemaccording to claim2, wherein
the fiirst magnificati OnA'v§s10n2$ &Eﬁ%&ﬁﬂro%@ﬁ% tphﬁalﬁf@ﬂﬂfﬂgéﬁ&ﬂ@'dfeh@@ttheo@st@ﬁsed
on the bi nned charge g vi si on system according to claim2, wherein
t he Bi nnewnprhmgge i s a 2 pI urality of binned charges each based on a
respective set of r 5. The vision
yat am accor di ng 5 pg b RbiRL ke AR RIoE LB, ark D TS V)%
plurality of seconobtmlgmahs moswlxtwhhememsobaabﬂie device and Sprening a/singlé opticaly
confi guratlléﬁ fﬁ‘éﬁ on system according to claim1, wherein the
opti cal e %‘éf’é(éceﬁ‘fl $%8%t one of a lens, aperture, mirror, beam
splifter, polarizewheraid firkt Iﬁa@hlﬁcﬂ.tloﬁ of THealevics istases ypdie rpagectoofing leet adirsi m
1, V\,herelntheotlcal means has . a r edet rmne tical. magnificati
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factor and the second magnification is bas on the opti cal
magniof i caevicsryix the sipgle apérabpath P Agecond pledaisrmined e olflﬂtﬁrﬁnﬁgf‘esebflokel array. 1

9. The vision system acgnl le@ﬁ’s;ts%n%c@bﬂln%’to Elﬂﬁﬁ N&lhcpQRleliRh e s b tes 2
processor coupl ed to the i mage sensor. . The vision systemaccording to

cl ai m 9, cheingerfednm saildveedi pinedpeof slearpixal airay Qltqza)bapqus:é@rg@f plurality of pixels
arranged in a firs I | el f 3
e un, 0 05 Babos T RpaP SO0 i 2 GBS et

accondi ngrehter thhiahenetohd mipmifentionf msedt dnghesBiomaddharge.

1 4, The vision system according to claim 2, wherein the binned charge is a

[\

plurality of binned charges each based on a respective set of selected pixels from the pixel array.

1 5. The vision system according to claim 4, wherein the second magnification is
2 a plurality of second magnifications each one based on a respective binning configuration.

1 | 6. The vision system according to claim 1, wherein the optical means includes at
2 least one of a lens, aperture, mirror, beam splitter, polarizer, and filter.

1 7. ‘The vision system according to claim 1, wherein the optical means has a

2 predetermined optical magnification factor.

1 3. The vision system according to claim 7, wherein the first magnification of the
2 device is based on only the optical magnification factor and the second magnification is based on the

3 optical magnification factor and a binning of pixel charge from the pixel array.

1 9. The vision system according to claim 1, further comprising an image

2 processor coupled to the image sensor.

1 10. The vision system according to claim 9, wherein the image sensor is

2 comprised of plurality of pixels arranged in a first plurality of pixel columns and a second plurality of

3 pixel rows.



2 magnification the plurality of pixels are grouped into a plurality of
super pi xel s, each superpi xel 3 configured in an Mrow by N colum array of
pi xel s, vwerog/ost221 east one of Mand N is greater than 4 PCTSA2348The

vi sion system according to claim11l, wherein for the second 2 magnification
the i mage processor scans the plurality of superpixels and processes the

i mge based on 3 a sumof the charge of individual ones of pixels within
each of the plurality of superpixels. 1913. The vision systemaccording to
claim 10, wherein for the first magnification 2 at |east a portion of the
plurality of row pixels and a portion of the columm pixels are used the 3
respective portions arranged in a contiguous block of %I 14. The

vi si bn syst em accotldi ngTheovisipmsisiemaccoiBe & ¢airmol0, therein tlt"gf eﬁ%&?ﬂ?fl cation 2

the imagg, s@ﬁﬁﬁt‘gfﬁﬁ% Rﬁf’a"l‘lﬂsot’@@l Vdég g%'u pNES aPurhiR of ApeipieRisachs@sdpiadl pi xel s

and proce a respective charge of the individual

ones3of donfigekinl an MAI‘D\M by N ¢nduriyl aredy, of pixels, wirgre ayleast ore efyMapdNaie 8628 Bl t o
clalg114 wherein the block of pixels is an 2 entirety of the pixel array.
1 16* Thk vision system according to claim 14, wherein the bl ock of pixels
is ail 2 subset of the pirlxeeirisiam syatem dbcdrding Thelaivi Bli, ovhersirsfor theagewnd di ng t o

claim1, V\/n ei.n t he stemis np d
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1 i5. The vision system according to claim 14, wherein the block of pixels is an

2 entirety of the pixel array.

1 16. The vision system according to claim 14, wherein the block of pixels is a

2 subset of the pixel array.

1 17. The vision system according to claim 1, wherein the system is mounted on a

2 semiconductor processing apparatus.

1 18. The vision system according to claim 17, wherein the semiconductor

2 processing apparatus is one of a bonding machine, an inspection machine, and a wafer dicing

3 machine.

1 19. The vision system according to claim 1, further comprising illumination

2 means having a wavelength in at least one of i) a visible spectrum, ii) an ultraviolet spectrum, and iii)
3 an infrared spectrum.

1 20. The vision system according to claim 19, wherein the illumination means

2 provides illumination to the device via the optical means.

1 21. The vision system according to claim 20, wherein the illumination is provided
2 via a portion of the single optical path.

1 22. A vision system for use with a semiconductor fabrication apparatus and

2 providing a plurality of images of a workpiece, the system comprising:



10 3 a single inmage sensor having a predeterm ned pixel array;, and 4

opti cal neans di sposed between the sensor and the workpiece and form ng a
single 5Wsped0ssd2ipat h bet ween the workpi ece and the sensarGT/Gsosh3gssei n a
first magnification of the workpiece is based upon a projection of at |east
a 7 first portion of the workpiece via the single optical path onto a
predeterm ned area of the inmage 8 sensor, and a second nagnification of the
wor kpi ece is based upon the projection dp at |east a second 9 portion of

t he workpi ece via the single optical path onto a second predeterm ned area
of the imge 10 sensor. 1 23 A met hod for providing a plurality of inages

of a_workpiece, the s stem rising; 3 providi si ngl e i mage sensor
havi ig a predeterr’r?ﬁlg b‘?’?{gélse%?PF ,mgaﬁﬁfgq?teawg’ﬁ‘ggixﬁ"ga %’5t? means having a

fixed optical magnbfticaiahémn dikspsédbetWehwRLRndonend he SOAFVCe aﬁtﬂfoh’ﬂﬁag wWelsRi ece;
6 formng a m&&l{e optical path between the workpi ece and the sensor; 7
provirdi n@Pt%EalfHa et"i‘F&ﬁH?ef‘f"?féﬁlf""(?rﬁngfhea??ns%ast a first portion of the

wor kgi ece via the wﬁer@inragﬂl@t Rl bonRAkR \p&w&eqm@d Mpc;nfhepraﬁem of at least a
magni fication factor; and projecting a second fication of at |east a

secofid phirst paHoef tbwov@mkwléél@ sirigle qpiieal path OQiOr@g?f e@@mir@éarepaf Heaagsd on
the i Xegan %}'ldfa' s%@&rf %&Bﬁﬁﬁtﬁbﬁ o‘"i“agz\go,rﬁé:lgge 1%&{59& %;?Tb%“ S b @tl 'o?fgl lekkt b oncfl'

24. The net accor to claim urt e step o
aggr €gat partjon ¢f thhwerkpictes vimtiedingtet apticgd iptb logtoaf setdnd Hmdmtmmcd aya pithoinzagbi nned

charge. 1 25. The method according to claim 24, further conprising the step
SEensor.
of processing 2 the binned charge of the pi er array to forma processed

i mage of the workp2ice. Alméhod fohpromidingachhaealttp ofinwged of aclvarkpied3 thefsysirher
corrpr|5| t he step of 2 reconfiguring the pixel array into a plurality of
supe pi x‘é‘%@)p ®8ch superpixel configured in an Mrow 3 by N colum array of

pi xes, where at | gasidignesifie dagesbnddringviey & pie@Eteinkifdd pixel drrdyf .andhe met hod
according to claim26, further conpr.i si ng the step of scanning 2 and

pr océssing the pl u?léﬂ’qs’c“ﬁ 08?“33%[}‘6@36‘?‘%5 g 15%’5@&“@@%“@%%%#@9{@3%5?@@ of

i ndi yi dughs@nes mefwdrkpi&les 3 Within each of the plurality of superpixels.

6 forming a single optical path between the workpiece and the sensor;

7 providing a first magnification of at least a first portion of the workpiece via the

8 \single optical path based on only the fixed magnification factor; and

9 projecting a second magnification of at least a second portion of the workpiece via the
10 single optical path based on the fixed magnification factor and a configuration of the pixel array.

1 24. The method according to claim 23, further comprising the step of aggregating

2 charge from selected pixels of the pixel array into a binned charge.

1 25. The method according to claim 24, further comprising the step of processing

2 the binned charge of the pixel array to form a processed image of the workpiece.

1 26. The method according to claim 23, further comprising the step of

2 reconfiguring the pixel array into a plurality of superpixels, each superpixel configured in an M row

3 by N column array of pixels, where at least one of M and N is greater than 1.

1 27. The method according to claim 26, further comprising the step of scanning

and processing the plurality of superpixels based on a sum of the charge of individual ones of pixels

3 within each of the plurality of superpixels.



