-1- METHOD AND APPARATUS FOR MEASURI NG THE SI ZE OF FREE AIR BALLS ON A WRE
BONDER Thi s application clainms the benefit of priority to U S. Provi sional
Pat ent Application Nunber 60/581,575, filed on June 21, 2004, the contents
of which are incorporated in this application by reference. This
application is a continuation-in-part_qof U S Patent Application No.

10/ 458,535, filed on June 10, 2003 which is a divisional 5 of U S. Patent
Application No. 10/ 131 873, filed on April 25, 2002, issued as Patent

6, 729, 530 on May 4, i U S. Patent
Application No. 09/912 024 ffﬂl@PﬁRA@Uﬁ‘F@h ME@UF%@?W%?%%QES Pat ent
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6,412,683 on July 2, 2002. FRﬁEEiIBE(&thrI%YAW@ﬁ'ﬁQﬁ‘Pﬁ%e i nvention rel ates

generally to a method and apparatus for neasuring 10 the size of free air
balls on a wire bonder. More specifically, the present invention relates to
the use of a prismsuch as a cornercube prismto produce the inmage of a
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15 BACKGROUND OF THE INVENTION

The fabrication of electronic assemblies, such as integrated circuit chips,
typically involves inspection of the device at various phases of the fabrication process.
Such inspection procedures often utilize vision systems or image processing systems
(e.g., systems that capture images, digitize them and use a computer to perform
20 image analysis} to guide the fabrication machine for correct placement and/or

alignment of components.

In fabricating such electronic assemblies, wire bonding is typically used
to interconnect the integrated circuit chip with a lead frame. Other well-known
interconnect processes include, for example, ball-bumping and stud-bumping. As part

25 of these bonding processes a bonding ball is formed at the end of the bonding wire
using a well-known electric flame-off (EFO) technique. The size (diameter) of the
bonding ball (free air ball) depends on the current and duration of the EFO. As wire
bonders are used for packaging finer and finer pitch devices, it would be desirable to
measure and control free air ball diameters in an effort to regulate ball size for ultra

30 fine pitch application.



devices, a first inmage device 1104 pl aced bel ow wor kpi ece plane 1112 and
upwardly view ng objects and a second i nage device 1102 pl aced above

wor kpi ece plane 1112 and downwardly viewi ng objects. These conventi onal
systens have drawbacks in that 5 in addition to requiring nore than one
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20 necessity to interrupt the ball bonding process with off-line measurements and

adjustments.

SUMMARY OF THE INVENTION

According to an exemplary embodiment of the present invention, a
system for measuring the size of free air balls for use with a wire bonder having a wire
25 bonding tool and an Electric Flame Off (EFO) device is provided. The system includes
an imager disposed above a first image plane, a prism disposed below the imager, and
at least one lens positioned between the first image plane and the prism in a first
optical path. The at least one lens is positioned between the prism and the imager in a
second optical path, where the second optical path is different from the first optical
30 path. An image of the free air ball disposed at a lower portion of thé wire bonding tool

is provided to the imager via the prism and the at least one lens.

According to another exemplary embodiment of the present invention, a
method for measuring a size of a free air ball for use with a wire bonder having a wire
bonding tool and an Electric Flame Off (EFO) device is provided. The method includes

35 receiving an indirect image of the free air ball via a prism, processing the received



image of the free air ball to neasure at |east one dinension of the free air
ball, and providing a control signal to the EFO devi ce based on the at

| east one dinmension of the free air ball. According to yet another

exenpl ary enbodi nent of the present 5 invention, a nmethod for analyzing an
image of a free air ball for use with_g_wi re bonder having an Electric
Flanme OFf (EFO) device is provided. The nethod includes providing an inage
of the free air ball to an image processor during a wre bonding process,
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5 i1 ust refeengsie tf‘@ldé%‘%'ﬁﬂ? ?Batﬂi}e B?S%Ht'BRQW%[PVaB’rﬁBBPW 9% thee' present
i nventi oninvéitbn. 6 is a detail ed view of an exenplary retroreflective
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illustrate the effect of BRItFBEOORIPTIEGN \OF THeXDRAWIRGSCOr ner cube
15 The invention is best understood from the following detailed description

when read in connection with the accompanying drawings. It is emphasized that,

according to common practice, the various features of the drawings are not to scale.

On the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Included in the drawings are the following Figures:

20 Fig. 1 is a perspective view of an exemplary embodiment of the present

invention;

Fig. 2A is a side view of image ray traces according to a first exemplary

embodiment of the present invention;

Fig. 2B is a side view of image ray traces according to a second

25 exemplary embodiment of the present invention;

Fig. 3 is a perspective view of image ray traces according to an

exemplary embodiment of the present invention;

Figs. 4A and 4B are perspective and side views, respectively, of an

exemplary embodiment of the present invention;

30 Fig. 5 illustrates the telecentricity of an exemplary embodiment of the

present invention;

Fig. 6 is a detailed view of an exemplary retroreflective cornercube offset

tool according to the present invention;



tool of the exenplary vision system Figs. 8A-8C illustrate the effect of
tilt about the X and Y axis of the exenplary vision system 5 Fig. 9is a
side view of inage ray traces according to a third exenplary enbodi nent of
the present invention; Figs. 10A-10D are various views of a fourth exenplary
embodi ment of the present invention;_kig. 11 is a vision system according
to the prior art; 10 Fig. 12A-12F are illustrations of a fifth exenplary
enbodi ment of the present invention; Figs. 13A-13D are various views of a

stxth exerpl ary. el a0t ikl RSB APYAAAD by g dendcsidle view

illustrating an app tus for neasuri ree
bonder oppdlcdithe pxeraphenceisiodisngiers an exenpl ary enbodi nent of the present

invention; and Fig. 15 is a schematic bl ock di agram of an exenpl ary
apparatus for neadigs. 8§-8ndlusiptieshe effett dftilnpbolidhe X atid hawiswf Ehe bonder
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i ncorporated by reference herein, as it set fort According to
certai n ecebgslinest efribedrersnt vertienipresent invention relates to a nethod
and apparatus for neasuring the size of a free air ball on the 25 optical
system of a wire bdidferd0Ar By Yanioys visws A fogpihrremptary smbogimertey

t echnol og¥e thPedeAB AR chtiéh;capi | lary tip. According to certain exenplary
enbodi nents thereof, the present invention uses the optical systemof a

w re bonder and a q:(pg_nlelr@@b@sibagggeg,fgcggﬁdm%gﬂ thel Stidripge the free air ball
di sposed adjacent to or seated in the wire bonder capillary. 30 The inage is
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and ot her processing constraints. The system

Fig. 14 is a side view illustrating an apparatus for measuring free air balls
15 with a wire bonder optical system according to an exemplary embodiment of the

present invention; and

Fig. 15 is a schematic block diagram of an exemplary apparatus for
measuring and adjusting free air balls with a wire bonder optical system.

DETAILED DESCRIPTION

20 The entire disclosure of U.S. Patent Application No. 10/458,535 filed on
June 6, 2003 and U.S. Patent Application No., 09/912,024 filed on July 24, 2001 are
expressly incorporated by reference herein, as if set forth in full.

According to certain exemplary embeodiments, the present invention
relates to a method and apparatus for measuring the size of a free air ball on the
25 optical system of a wire bonder along with an optical cornercube prism based
technology to image the capillary tip.

According to certain exemplary embodiments thereof, the present
invention uses the optical system of a wire bonder and a cornercube based offset tool
to image the free air ball disposed adjacent to or seated in the wire bonder capillary.

30 The image is then analyzed to measure the ball size. To improve the accuracy of the
ball measurement, an illumination system appropriate for producing a desirable image
(e.g., high magnification image) is utilized. The optical system may be selected to

produce the desired image {e.g., a low magnification image, a high magnification



measures the dianmeter of a ball during normal operation of a wire bonder.
The information is used to control the ball size via the EFO ball formation
mechani sm5 comonly found on wire bonders. The purpose of the systemis to
measure free air ball dianeter in an effort to regulate the ball size for
ultra fine pitch applications. The w ge bonder then uses these values to
determ ne and adjust settings for the EFO system According to another
exenpl ary aspect of the invention, the ball size 10 determ nation and
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and therefore correct for any dlst_urbances which would cause the free air ball to exceed
20 its desired diameter tolerance during wire bonding operation.

The present invention allows the wire bonder to periodically measure the
ball diameter and provide this information to the wire bonder so that the EFO system
may produce the desired size ball continuously. A machine vision system may be used
to analyze the image and measure the ball diameter. The present invention uses this

25 information to control the ball size via the EFO ball formation mechanism commonly
found on wire bonders today.

Referring to Fig. 1, a perspective view of an exemplary embodiment of
the present invention is shown. The system is included in wire bonding machine 100,
and employs a cornercube 106 (i.e., a cornercube prism 106), having a plurality of
30 internal reflection surfaces (best shown in Fig. 6), located at or below object plane
112A of bonding tool 104 (object plane 112A, shown in Fig. 2A, is part of plane 112
illustrated in Fig. 1).

In an exemplary embodiment, cornercube offset alignment tool 109
{comprising cornercube 106 and lens elements 108, 110), has a total of three internat
35 reflection surfaces, 218, 220, and 221 (best shown in Fig. 6 and described below). In



reflective surfaces. For exanple, cornercube 106 may be fornmed from or

I ncl ude fused silica, sapphire, dianond, calciumfluoride or other optical
gl ass. Note, optical quality glass, such as BK7 nade by Schott G ass
Technol ogi es of Duryea, PA, nmay also be 5 used. Note also that materials for
cornercube 106 can be selected for nmaxignum transmnission with respect to the
desired operating wavel ength. Optical imaging unit 102, such as a CCD

i mger, CMOS i mager or canmera, for exanple, is nounted above image pl ane
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detector, as desired. In an exenplary enbodi nent, the focal point of the

vi sion system (coi PRYeITR2GNg HNit HAGi FHENASH GRR iPeges KAIRS iMmagar@r aga) s

locat ed a&w&abfaweszmn%w i@ﬁ%unt%a%b(ﬁ@%é Plafé 4128/ oR:fer(iQﬁ'éh%"\FéLﬁlﬁ 106. In

addition, the exenpla nbodi nent 20 i ncl udes two Pre erably identical |ens
el ement s 'Té‘Se‘"-ti'I‘Gg? 8&9@%”%1?006Foﬂ)éhWBEP@@fC“bﬁlQﬁﬁé i‘i%ﬁ“%do? neife pl ane

1126.10 Anatifgle PEABTI12BY sIEWOM FIBNLA, i§ PaMbF |plhn5|ﬁ2 iABstrated G HiGES). aIrSI ngl e
| ens el ement. 205 | ocat ed bel ow pl ane 112 an axes 114,

116 (shovMItREFPGMPIry amhadimenty 8rPositiea SEB%Y%Q?FESWrdFSBEr%é'P @aa'éa 1106 (i.e.,
a cor nerguhefaptiurédby Ieivkbrkens. edretiRtch, :‘r&gmail,ddi’sdbé ubk&@nas Sbtﬁdéﬁﬁhag?ﬁlﬂj) Wi | |

b f d t I b ffset t i /

De el 1 58 Fa i Bt ERBb A S OSEP FSBreT Spe BB o1 1 e

tlool 122,256uchffzisuﬁfi mg} emnspedat ivat or ei@rﬂplelﬂl@a ??F\B cs@bamdtﬁieeti tortecbrdt the Iobj ectf
an opt.ica rds | ane o

Por nd? curehe dihe Rent bR b hoatiny 1of 4Bl 3 i B0 Brrel bt Rt oot 704

whi ch al sksh ey benquelj exditorphi-aak détk2¥r, ésdesiredxenpl ary enbodi ment, |ens

el ements 108, 110 (or 205) preferably have a unitary magnification factor.
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are substanti a ar al £0 oné.anot her,
and are Pplane 112A and image plane 112B. Another exemplary embodlment shown in Fig. 2B,

includes a single lens element 205 located below plane 112 and in line with optical axes
114, 116 (shown in Fig. 1), Hereinafter, the combination of cornercube 106 (i.e., a
cornercube prism), and lens elements 108, 110 (or lens element 205) will be referred

25 to as assembly 109, cornercube offset tool 109, and/or cornercube offset alignment
tool 109.

The image plane of cornercube offset tool 109, including lens elements
108, 110, is coincident with the object plane 112B of optical imaging unit 102. In other
words, the image plane of cornercube 106 and lens elements 108, 110 are aligned to
30 bonding tool 104 which also lies in object plane 112A. In an exemplary embodiment,
lens elements 108, 110 (or 205) preferably have a unitary magnificatiori factor. First
lens element 108 is positioned in a first optical axis 114 between bonding tool 104 and
cornercube 106. Second lens element 110 is Substantially in the same plane as that of
first lens element 108 and is positioned in a second optical axis 116 between optical |
35 imaging unit 102 and cornercube 106 (see Fig. 1). In one exemplary embodiment, first

and second optical axes 114 and 116 are substantially parallel to one another, and are



-7- spaced apart from one anot her based on specific design considerations of
bondi ng machi ne 100. In one exenplary enbodi nent the di stance 118 between
first optical axis 114 and second optical axis 116 is about 0.400 in.
(10.160 mm ) al though distance 118 nay be as snall as about 0.100 in. (2.54
nr) depending on design 5 considerations related to the bondi ng nachine.

Fig. 2Ais a detailed side view of inmage ray traces and illustrates the
general imagi ng concept of an exenplary enbodi nent of the present invention.

In Fig. V. : X . . o) l.arity to
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in Fig. tBi&figuhe).di spl aced i mage of bonding tool 104 is shown as position
206 and inaged along the path of second position ray trace 214. As shown in
Fig. 2A direct inmade referemenpiisgtion2ddbondingdiosl Hbisghawpash wflatiedray o t hat

of di26 ethAiEﬁﬂ%vé@)‘ro@t’ﬂ@t%ogii'ign fz'bQ'QlJrigrfﬁ%t optical axis 114 (shown in Fig. 1}, as
direct image ray bundie 210 from first position 202 through first lens element 108.
Direct image ray bundle 210 continues along first optical axis 114 where it then passes
through top sutface 226 of cornercube 106 onto first internal reflection surface 218,
Direct image ray bundle 210 is then reflected onto second internal reflection surface
25 220, which in turn directs it onto third internal reflective surface 221 (best shown in
Fig. 3). Next, direct image ray bundle 210 travels back through top surface 226 of
cornercube 106 as reflected image ray bundle 212 along the second optical axis 116
{shown in Fig. 1) and through second lens element 110 to image plane 112B. It is
reflected image ray bundle 212 that is detected by imaging unit 102 as image 204.

30 Consider now that the position of bonding tool 104 is displaced by a
distance 222 due to a variation in system temperature, for example. As shown in Fig.
2A, the displaced image of bonding tool 104 is shown as position 206 and imaged along
the path of second position ray trace 214. As shown in Fig. 2A, direct image ray bundle
214 travels along a path similar to that of direct image ray bundle 210 from first

35 position 202. Second position 206 image travels as a direct image ray bundle 214,
through first lens element 108. Direct image ray bundle 214 then passes through top



35 position 202. Second position 206 inmage travels as a direct inmage ray
bundl e 214, through first lens elenent 108. Direct inmage ray bundle 214
t hen passes through top -8- surface 226 of cornercube 106 onto first
internal reflection surface 218. Direct inmage ray bundle 214 is then
reflected onto second internal reflectgan surface 220, which in turn
directs it onto third internal reflection surface 221 (best shown in Fig.
3). Next, direct imge ray bundle 214 travels through top surface 226 of
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a lower portion 235 of cornercube 106 may be removed providing bottom surface 223,
which may be substantially parallel to top surface 226. Removal of lower portion 235
does not affect the reflection of image rays since the image rays emanating from object

25 plane 112A do not impinge upon bottom surface 223.

Exemplary cornercube 106 comprises top surface 226, first reflective
surface 218, bottom surface 223, second reflective surface 220, and third reflective
surface 221. If top surface 226 is set such that optical axes 114, 116 are normal to top
surface 226, first reflective surface 218 will have a first angle 230 of about 45° relative

30 to top surface 226, and a second angle 234 of about 135° relative to bottom surface
223. Likewise, ridgeline 225 (formed by the intersection of second and third reflective
surfaces 220 and 221) has similar angles 232 and 236 relative to top surface 226 and
bottom surface 223, respectively. In addition, second and third reflective surfaces 220
and 221 are orthogonal to one another along ridgeline 225. In the exemplary

35 embodiment, bottom surface 223 of cornercube 106 may be used as a mounting

surface if desired. It should be noted, however, that it is not necessary to form top



bottom surface 223, respectively. In addition, second and third reflective
surfaces 220 and 221 are orthogonal to one another along ridgeline 225. In
‘the exenplary 35 enbodi nent, bottom surface 223 of cornercube 106 may be
used as a mounting surface if desired. It should be noted, however, that it
is not necessary to formtop -9- surfage 226 so that the inage and reflected
rays are nornmal thereto. As such, cornercube 106 will redirect the incident
light or transmt inage of bonding tool 104 parallel to itself with an
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Posi t I ona acerrent of bon
to the separatlon of lens elements 108 110. The same image properties shown in Fig.

2A are also evident in Fig. 3. For example, the reference position of bonding tool 104
is represented by first position 302 and its image 304 is viewed as a first direct image
ray 310 which travels along first optical axis 114 through first lens element 108; passes

25 through top surface 226 of cornercube 106; strikes first reflective surface 218 of
cornercube 106; travels through cornercube 106 in a path parallel to top surface 226;
strikes second reflective surface 220; strikes third reflective surface 221 before exiting
the cornercube 106 through top surface 226 and travels along second optical axis 116
through second lens element 110 onto image plane 112B as ray traces 312 and viewed

30 by imaging unit 102 at position 304. Positional displacement of bonding tool 104 is
also shown in Fig. 3 and is illustrated by the path of the ray traces 314, 316 from
second position 306 to second viewed position 308.

Figs. 4A-4B are perspective and side views, respectively, of an exemplary
embodiment of the present invention illustrating lens elements 108, 110 and
35 cornercube 106. The two lens elements 108, 110 (or 205) are preferably doublets

located above the cornercube 106 based on their focal distance from object plane 112A



al so shown in Fig. 3 and is illustrated by the path of the ray traces 314,
316 from second position 306 to second viewed position 308. Figs. 4A-4B are
perspective and side views, respectively, of an exenplary enbodinment of the
present invention illustrating lens elenents 108, 110 and 35 cornercube 106.
The two lens elenents 108, 110 (or 2Q§)y are preferably doublets |ocated
above the cornercube 106 based on their focal distance from object plane
112A - 10 and i nmge pIane 112B, and inmaginary plane 211. Doublets are
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t hat 15ur fimesmgion 2 Mbte B2 intarmdl 2 ectier surface, 2a8randrridyeioe ar5 sliapad image om
surface 2 a il ntin be 106. 25
e 7acttopdig 3o R Bibe iR btie f pRYS suRHR ooyt AT BEe o
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is an OV‘RE!ﬂ?‘%de"‘éi&ﬁ%%&hﬁ%i%‘?g%&‘%-los’ 110 and cornercube 106. Exenpl ary

i mage origins, 7 and 708 correspond to positions of
Il mage ray traces  agshown in Fig. 6, surfaces 220 and 221 are orthogonal to one another

20 along ridgeline 225. In addition, the angle between ridgeline 225 and surface 218 is
about 90°. Furthermore, surface 218 and ridgeline form an angle of 45° relative to top
surface 226 and bottom surface 223. Note also, that surfaces, 218, 220, and 221 meet
to form triangular shaped bottom surface 223, which may be used to facilitate
mounting of cornercube 106.

25 Figs. 7A-7C illustrate the effect of tilt about the orthogonal axes of
cornercube offset alignment tdol 109 in an exemplary vision system. Fig. 7Ais an
overhead view of lens elements 108, 110 and cornercube 106. Exemplary image
qrigins, 702, '703, 704, 706, 707 and 708 correspond to positions of image ray traces
210, 214 (shown in Fig. 2A). Note that optic axis position 710 corresponds to the

30 position where the image of bonding tool 104 (shown in Fig. 1) would be if cornercube
106 was not tilted along the Z axis.

Figs. 7B-7C are graphs of the effect of tilt around the Z axis in terms of
tilt in arc minutes vs. error in microns. Fig. 7B shows the effect of tilt around the Z
axis versus error and image location along the Y axis. Fig. 7C shows the effect of tilt

35 around the Z axis versus error and image location along the X axis.



210, 214 (shown in Fig. 2A). Note that optic axis position 710 corresponds
to the 30 position where the i mage of bonding tool 104 (shown in Fig. 1)
woul d be if cornercube 106 was not tilted along the Z axis. Figs. 7B-7C are
graphs of the effect of tilt around the Z axis in ternms of tilt in arc
mnutes vs. error in mcrons. Fig. 7B ghows the effect of tilt around the Z
axis versus error and inmage |ocation along the Y axis. Fig. 7C shows the
effect of tilt 35 around the Z axis versus error and inage |ocation al ong
the X axis. - 11 E'Q?I,SBA% ffrstrdeUAL A8 difte B RGhe Klarld | bxidliPMle Lhe X and
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shows the effect of tilt around the X axis versus error and inmage | ocation
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vi ewed posIi tI on ustrates an appar at us asurl ng
free air %lpchmmqsotab cliye $urkpceiA08 l’éérfﬂ'éfOF( Wt.ﬁ@m'mmq RYSPUndiRRZd

accohgli NG A RIAPa&XBPRIGA I¥ns element 902 as reflected image ray bundle 920 along second
optical axis 116 {(shown in Fig. 1) and onto image plane 112B. It is reflected image ray

bundle 920 that is detected by imaging unit 102 (shown in Fig. 1) as image 912,

Similarly, positional displacement of bonding tool 104 is also shown in Fig. 9 and is

illustrated by the path of direct image ray bundles 918, 924 from second position 910
25 to second viewed position 916.

Fig. 14 illustrates an épparatus 1400 for measuring free air balls 1415
used with a wire bonder (not shown in this figure) according to an exemplary
embodiment of the present invention. As shown in Fig. 14, apparatus 1400 comprises
optical imager 1402, such as imagers described above with respect to other exemplary

30 embodiments, ienses 108, 110, cornercube offset tool 106, and illuminator 1220, such

as a ring illuminator for example.

As shown in Fig. 14, lens 108 is positioned between object plane 1412
and offset tool 106, while lens 110 is positioned between imager 1402 and offset tool
106. In one non-limiting exemplary embodiment, lens 110 and lens 108 are in the



enbodi mrent of the present invention. As shown in Fig. 14, apparatus 1400
conprises optical imger 1402, such as inmagers descri bed above with respect
to other exenplary 30 enbodi nents, |enses 108, 110, cornercube offset tool
106, and illumnator 1220, such as a ring illum nator for exanple. As shown
in Fig. 14, lens 108 is positioned betyeen object plane 1412 and of fset

tool 106, while lens 110 is positioned between i mager 1402 and offset tool
106. In one non-limting exenplary enbodi ment, lens 110 and lens 108 are in

the - 12 s%ﬁ@hé‘r?ioh?a%ia% S 9b|y%®55r?@u'sﬁ40@répmggltsé§bat@gpwca?@?@bﬁes both |ow

and hi gh Ications as e5|re n use air is formed by
an EFO sﬁ@@'ﬂf"@ﬁ@ﬂs ghgRmijedat a | ower port| on of capillary 1404. |mager 1402
is able to view free air ball 1415 (from 5 object plane 1412) as an i mage
formed at inage pl dneisesfiree virdalldidd SiermedriyearcEffR syssemsiot sbewnaé and

l'ens 110.1,0Bepd tBAST eép.ﬁa.{,rﬁmalxrnala@# h4@f%5aﬁlétcpw8%'ﬁ:l@ed?lplﬁafPEEW?f*rorh”ager

1402 to an ihmge processing system (not shown in ure) where
di nensi ordjed ptineakt i @s agiimeee prmesk atfimage planepkd 10 via ias) @&dé@@\eﬁ‘iuﬁéd

Based on 5#},b§tdj,¢tlggrgh3@éd50ﬂ0t he 10 paranmeters of the EFO system may be
adjusted 1n a closed |oop feed-back arrangenent, as necessary, to control

the dianeter of furfamadge®® adide aabbmhps .ma&.uealgwpy.cmﬁm@er PiOPRy
bondi ng. Thus, the inventive controlled closed system 1y correct for

anomal | es*IIagE RIBEASEINGMEtem 0t shaws I thisfigure) B\‘é"lefe ‘in%"StQS‘Se%‘t‘@&f Hes

desired diigmete?| oft PéLERBER 1@15isodé’tél|\fﬁm@d dizas@i 6 thi®detMinatidvtheg the wire
bondi ng 15 o]}%eratl on. | ust rat es an exenpl ary schemati c bl ock

di agrém dtard efess atithy %fégSWéﬂ?yl‘%B jugleddp dviriosed '?‘i"@}/eefSt,’acﬁn i mge 1501 of
L ree air abaérigear@so%ssne"c@gﬁry,ad coliyrol ﬂ%gﬁar\?ﬁ&&%ﬁfdrﬂ@ frebh@r 'bam@fi S provi geldl
y i mage tem 1400 t o processor ere the ter Q ree air ba
Th5 e dRPEP R ae S ofpreh DoReIa9 20 s bF ARV Foatr Sl ar TR FEtaPov ded
to EFO sym&¢ avrkei 4ot anatjliestwhitrewpakastRémiise cabbe Bfe@ iy sdlEma Htegeediitst 0
adjust th ut 150 EFO system 1504, thus ect i t.he di aneter of
2 s equeriesr Pa Bitmetep ifrande i FavBh RS S oR Sgren AYRPO AR B BN e
anot her emmmica-r.y enbodi nrent of the present inventi on is illustrated. In
Fig. 10A, vision system 1000 conprises 25 nultiple cornercube prisns 1014,
1020, 1026 and respegilyellustratesat sxerbfleryleh8matit GRZk KD@gramlF28¢14€E80, are

o1 ok pi adgob sy S8TETRACT A& Sl PR 3% ohfeBE T0BRY 18k 2 e BT FedMe
by image system 1400. The image is provided by image system 1400 tc processor
1502, where the diameter of free air ball 1415 is determined. Based on this
20 determination a signal 1503 is provided to EFO system 1504 to adjust the parameters
of EFQ system 1504 so as to adjust the output 1506 of EFQ system 1504, thus
effecting the diameter of subsequent free air balls 1415.

Referring to Fig. 10A, a side view of yet another exemplary embodiment

of the present invention is illustrated. In Fig. 10A, vision system 1000 cpmprises

25 multiple cornercube prisms 1014, 1020, 1026 and respective lens sets 1016/1018,
1022/1024, 1028/1030, are used as an alignment means to improve the accuracy of
die attach and pick/place of assemblies, such as die 1008, 1010, 1012. This will, in
effect, replace a conventional up-looking camera (i.e., a die camera - not shown) found
in most conventional mid to high accuracy placement (e.g., die attach and pick/place)

30 equipment. In the exemplary embodiment, ganged multiple cornercubes 1014, 1020,
1026 with varied lens separation distances, 1017, 1023, 1029, respectively, provide an
indirect image of a location of die 1008, 1010, 1012, respectively. It is understood by
those of skill in the art that only one die is viewed at a time. The use of multiple

cornercube /lens combinations allows for use with a variety of different sized die. In



effect, replace a conventional up-|ooking canera (i.e., a die canmera - not
shown) found in nost conventional md to high accuracy placenent (e.g., die
attach and pick/ place) 30 equipnment. In the exenplary enbodi nent, ganged

mul ti ple cornercubes 1014, 1020, 1026 with varied |ens separation

di stances, 1017, 1023, 1029, respectivgly, provide an indirect image of a

| ocation of die 1008, 1010, 1012, respectively. It is understood by those
of skill in the art that only one die is viewed at a tinme. The use of
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to accuracy of the cornercube alignnent described above in the first
exenpl ar yméﬁ%?ﬂdn@hkhosqsf il in !'TfBaft:sthét Bl%r‘i@h@@ﬂdﬂ% he ekhempradaineabodi nent
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1014, 1029vanigges Wil rewpesbifiaruraey Aitke serperupe ayg“"&é%‘i' desgribed agpve in

convent i aRakirdtdremipey BRMATiméHt. may be held in alignment with one anot her
usi ng a nechani cal device, such as a clanp or a 20 contai nnent assenbly, for
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replacement of individual cornercube/lens assemblies to accommodate different sized
die, as desired. Although the exemplary embodiment is shown with three cornercube

offset tools, it is understood that at least two cornercube offset tools may be used.

Lenses 1016, 1018, 1022, 1024, 1028, 1030 may be formed from a
25 unitary optical member rather than individual lenses if desired to simplify assembly of
the system. Such an approach is shown in Figs. 10C-10D. As shown in Fig. 10C, lens
sheet 1040 has imbedded within optical members 1016a, 1018a, 1022a, 1024a, 1028a,
1030a that are substantially equivalent to individual lenses 1016, 1018, 1022, 1024,
1028, 1030.

30 Figs. 12A-12F illustrate further embodiments of the present invention. In
these exemplary embodiments, a cornercube prism is used to improve the accuracy of
alignment of fibers. As in the previous exemplary embodiment, the use of a
cornercube prism allows for the use of a single optical detector instead of the

conventional multiple detector systems.



1030a that are substantially equivalent to individual |enses 1016, 1018,
1022, 1024, 1028, 1030. 30 Figs. 12A-12F illustrate further enbodi nents of
the present invention. In these exenplary enbodi ments, a cornercube prism
is used to inprove the accuracy of alignment of fibers. As in the previous
exenpl ary enbodi ment, the use of a caryyercube prismallows for the use of a
single optical detector instead of the conventional nultiple detector
systens. -14- Referring to Fig. 12A, the exenplary enbodi nent i ncl udes

cornercube prism 1%%rruh§@§‘?§;o%%6the1%§e%ep9r? é?nlf»daer‘r'ngnﬂ l:MH]aé‘?rSHnQR:Iu st ems
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1002. As is further shown in Fi downward f'acing fi ber 08 and

opti cal ﬁ%@r&m@d@?}eﬁﬁéh%ﬁF‘é%?O”f?fdmhbﬂéz%lﬁéﬂh@PerClﬁ’ye ?b%jé'f"éfsrﬁhﬁéd’edl st ance

1006. Al spid td sgbraihednhéd §rdflé%l’f§etf ALI7WEtve & thel giabfiber RREPFAA1EEE Had K
field illum nation_system ositioned adjacent_cornercube prism 1014.
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1229 of dweseed dafokelodlugiBaten beaémdee Gostichedddjater dognerdulve phisrhi ber
centerlin ]4231 of upward facing fiber 1209. Once again, dark field
i1 um nat]i system 1221 is used to illum nate upward facing fiber 1209 for

recogpition bythe temto ensure er align t Wit tlcal
det egg| or 1002. Next alr?%n 'ésay @ﬂ'@)\)ﬁ?“‘ B egexe qoggﬁe'ge@lés&%?é] 9d9 and
downwar d 12!6||If.lsttztng thebelatil® f8sitos efgansesrsepaslﬁﬁlomeﬂaliraec&demnbe peismf f set

1027 det ede ned during the process discussed above with respect to Fig.
12A. As a re$u|t downward facing fiber 1208 and upward facing fiber 1209

are aligned with ong F?&Ofi?frclbwnward looking optical detector 1002 and downward
facing fiber 1208 are then repositioned such that central ray 1229 of downward looking
20 optical detector 1002 is aligned with fiber centerline 1231 of upward facing fiber 1209.
Once again, dark field illumination system 1221 is used to illuminate upward facing
fiber 1209 for recognition by the vision system to ensure proper alignment with optical
detector 1002.

Next, and as shown in Fig. 12D, optical detector 1002 and downward
25 facing fiber 1208 are again repositioned based on the offset 1027 determined during
the process discussed above with respect to Fig. 12A. As a result, downward facing
fiber 1208 and upward facing fiber 1209 are aligned with one another.

As shown in Fig. 12E, optical fibers 1208 and 1209 are then joined at
junction 1226 using conventional techniques, such as fusing the fibers together using
30 radiation (not shown), or mechanical means, for example.

Fig. 12F illustrates yet a further embodiment of the present invention. In
this exemplary embodiment, a cornercube offset alignment tool 1014 is used to align
individual fibers (sub-fibers) 1202a of a fiber optic splitter 1200 with respective
individual optical fibers 1208, etc. As in the previous exemplary embodiment, the use

35 of a cornercube offset alignment tool allows for the use of a single optical detector



As shown in Fig. 12E, optical fibers 1208 and 1209 are then joined at
junction 1226 using conventional techniques, such as fusing the fibers
together using 30 radiation (not shown), or nechanical neans, for exanple.
Fig. 12F illustrates yet a further enbodi ment of the present invention. In
this exenplary enbodi ment, a cornerculeg of fset alignnment tool 1014 is used
to align individual fibers (sub-fibers) 1202a of a fiber optic splitter
1200 with respective individual optical fibers 1208, etc. As in the

Pr evi ous X ePbthy c@ﬁ%ﬁ@ibﬁﬁ%ulth@%&é&o??ﬁ‘?&gé %%rtHEVsEébQEPe&MfGE) t&l | gnent
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enbodi menkpsars peveedeel Bechofhbs Aberddptiitidle 1200 isi gosiipAgd bBovd1RyrAYRUbd he
accuracy of aid]%gment of an optical fiber 1208 with a circuit elenent, such

as al detPl&fo In Fig. 13A, exenplary detector 1302 is part of an
array 1300, 15 alt gh ntion i.s not so limted. It is also

cont enpl at ed t hat c§%ﬁ%5?3’8‘25eiraf¥ﬁfnfﬂet?'ﬁr 8m88§'m%8hﬁ§sprgsfmd%edﬁ'88e or an
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Ref er r i ngletextds 13021 3A,Fig. rﬂBPeﬁeeqnbmry detdotodti 1302tis pat|ofidesarcayr 1880¢c ube 1014
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se practicing uni na I'ng e ge 1210 of
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cl addi ng C 1
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Downwar d dl gakisng optical detector 1002 detects the emission of l|ight 1222

20 Referring to Fig. 13A, the exemplary embodiment includes cornercube
1014, lenses 1016, 1018, dark field illumination system 1220 (which is well known to
those practicing the art) to illuminate the fiber cladding edge 1210 of fiber core 1212
{which in turn produces reflections 1024 to outline cladding edge 1010), and optical
detector 1002. In this exemplary embodiment, downward facing fiber 1208 is viewed

25 by downward looking optical detector 1002, such as a camera (e.g., a substrate
camera). Downward looking optical detector 1002 detects the emission of light 1222
from fiber core 1212 and is then able to determine the proper offset 1027 between the
optical fiber centerfine 1223 and central ray 1229 of downward looking optical detector
1002. As is further shown in Fig. 13A, downward facing fiber 1208 and optical detector

30 1002 are offset from one another by predetermined distance 1006.

In Fig. 13B, downward looking optical detector 1002 and downward
facing fiber 1208 are then repositioned such that central ray 1229 of downward looking
optical detector 1002 is aligned with optical centerline 1304 of detector 1302. Itis
understood that optical centerline 1304, may not necessarily coincide with the physical

35 center of detector 1302, but rather is dependant on the layout of the particular



fromfiber core 1212 and is then able to determ ne the proper offset 1027
between the optical fiber centerline 1223 and central ray 1229 of downward
| ooki ng optical detector 1002. As is further shown in Fig. 13A, downward
facing fiber 1208 and optical detector 30 1002 are offset from one anot her
by predeterm ned di stance 1006. In Fi.gg 13B, downward | ooking opti cal
detector 1002 and downward facing fiber 1208 are then repositioned such
that central ray 1229 of downward | ooking optical detector 1002 is aligned
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hereln are useful Ing a of afree-air a texture of a
free air diaentypehel piismomiay begliibized.y of afree air ball that may be
determ ned using the disclosed techniques. For exanple, such shapes and
textures of free aiAtheugh sherasesert IBveRsioncastrsiraanivbesh drscribed pe refatiarext ur e

to furt ftsragﬁéh%kuréék ahBendth88s frmdRbLiting AfdBiLe 9F‘a I?Fe‘é%ﬁ@al( f?t i¥ -not AmAtk@sed | oop
process) hough the invention has been described w'th reference to
exenpt ar y;hereto The apparatuses and methods disclosed herein are useful for measuring a

shape of a free air ball, a texture of a free air ball, and any other quality of a free air

ball that may be determined using the disclosed techniques, For example, such shapes

and textures of free air balls may be compared to a threshold shape or texture to

further control the free air ball formation process (e.g., a closed loop process).

25 Although the invention has been described with reference to exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be
construed to include other variants and embodiments of the invention, which may be
made by those skilled in the art without departing from the true spirit and scope of the
present invention.



enbodi nents, it is not limted thereto. Rather, the appended clains should
be construed to include other variants and enbodi nents of the invention,
which may be made by those skilled i/ the art w thout departing fromthe
true spirit and scope of the present invention. -17- Wat is clained: 1. A
system for measuring the size of free air balls for use with a wire bonder
havi ng ire bonccili ng tool and an Electric Flane Of (EFO device, the
system c ﬁ‘ﬁ?iss‘ﬁl%@.e an i mager di sposed above a first inmage plane; a prism

di sposed bel ow the imager; and at | east one | ens positioned between the
first image plane and the prismin a first optical path, the at |east one

| ens posl.t Acsyembfet weasuririgahsize of fradait bells forgerwislng wire ndadenthg opire cal
path, the second optical path being different fromthe first optical path,
wher ei n BendingtegkansranElectag Flame QEI (EFQ) dpviee dhasysiem eBPrisidgt i on of the wire
bondi ng tog} .i OV - via the prismand the at | east one

| ens, the ?ﬁn%a&éigrepggiﬂg%gggéﬁég%égh%qgéﬁéi ght above a height of the free

air ball, tbpesprdisosdtbolowpinsinidgenadd at a hei ght bel ow the hei ght of the
free air ball, and the at | east one |ens_ bei nq positjoned at a height
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| ens, tbgtidal paih, th@ﬁk&:ob@b?@ca@p@thfﬂemgeﬂff&eﬁumﬁﬁ thhfrst bptidal pathoehdpéiang and the
prismin the first optical path, and the second | ens_being positioned
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2. The system of claim 1 wherein the prism is a cornercube prism,

3. The system of claim 1 wherein the at least one lens includes a first lens and a second lens,
the first lens being positioned between the first image plane and the prism in the first optical
path, and the second lens being positioned between the prism and the imager in the second

optical path.

4. The system of claim 1 wherein the first optical path and the second optical path are

substantially parallel to one another.

5. The system according to claim 1, further comprising a processor in communication with
the imager, the processor determining a size of the free air ball and providing at least one
control signal to the EFO device to control the size of subsequent free air balls.

6. The system of claim 1, further comprising a plurality of magnification levels.

7. The system of claim 1, further comprising an illuminator disposed adjacent the lower

portion of the wire bonding tool.



