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ball prior to bonding.
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.
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allowing a wire bonder to perlodlcally measure the ball d|ameter so that the EFO

system may be controlled to produce the desired size ball continuously without the
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



met hod for neasurlng a size of a free air ball for use with a wire bonder
havi ng a Kf5d3 %%ndlng tool and an Electric Flame Of (EFO device is

provi ded. The nethod includes 35 receiving an indirect imge of the free air
ball via a prism processing the received K&S-133SG 3- imge of the free air
ball to neasure at |east one dinmension of the free air ball, and providing
a control signal to the EFO device baséﬁ on the at | east one di nension of
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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;



30 Fig. S5 illustrates the telecentricity of an exenplary enbodi nent of the
pr esent i TRAEPon; Fig. 6 is a detailed view of an exenplary retroreflective
cornercube offset tool according to the present invention; K&S-133SG -4-
Figs. 7A-7C illustrate the effect of tilt about the vertex of the cornercube
tool of the exenplary vision system Ehgs. 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

t he present invention, -Figs. - 10D var.i Vi e of rth exenplary
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t 0o t he prtookofghe exé@dpkirg visidvsystdm,are il lustrations of a fifth exenplary
enbodi ment of the present invention; Figs. 13A-13D are various views of a
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apparatus for neasuring and adjusting free air balls™wth a wre bonder

optical s$/abedimenpefithe ATesanESRNPINION 20 The entire disclosure of U.S.

Pat ent Application No. 10/458,535 filed on June 6, 2003 and U S. Paft ent
Application No. 09/092 §22140 pEgvajipusfigyvoafl a %b{ﬁh gremplagypraiedipent o

i ncor por aghechrbsent @fveheioee herein, as if set forth in full. According to
certain exenplary enbodi nents, the present invention relates to a nethod
and apparatus for nE@sur isrgvikioa systeen afcoadihg ee tiea pritvaark; on the 25 opti cal
system of a wire bonder along with an optical cornercube prism based

t echnol ogy t o i nageFight2A-apF afaillystrationsAd adfifth rgerhplaceembpdi ment obther y
enbodi rrenigraséﬂglr]@eq]fﬁbnt he present invention uses the optical systemof a
wi re bonder and a corhercube based offset tool

Figs. 13A-13D are various views of a sixth exemplary embodiment of the

present invention;

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 embodiments, 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



to image the free air ball disposed adjacent to or seated in the wire bonder
capi || ar))< 36339 |mage is then analyzed to neasure the ball size. To

i nprove the accuracy of the ball nmeasurenent, an illum nation system
appropriate for producing a desirable imge (e.g., high magnification
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and therefore correct for any disturbances 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 internal
35 reflection surfaces, 218, 220, and 221 (best shown in Fig. 6 and described below). In



t he ‘present invention is showmn. The systemis included in wre bonding
machi ne 18%5-133RE enpl oys 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 bel ow object plane 112A of bonding tool 104 (object plane
112A, shown in Fig. 2A, is part of pla 112 illustrated in Fig. 1). In an
exenpl ary enbodi nent, cornercube offset” alignnent tool 109 (conprising
cornercube 106 and | ens el ements 108, 110), has a total of three internal
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20 includes two preferably identical lens elements 108, 110 located at or below object
plane 112A and image plane 112B. Another exemplary embodiment, 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 alighed 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 magnification 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



25 to as assenbl 109, cornercube offset tool 109, and/or cornercube offset
allgnnent 68PS§09 The i mage pl ane of cornercube offset tool 109,

i ncl udi ng Iens el enents 108, 110, is coincident with the object plane 112B
of optical inmaging unit 102. In other words, the inmage plane of cornercube
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104 and s&%r ner'(g, rEfroTb%ne gn&hgr se%] %)pec(f% de 'fB CONSi era% nﬁppb? cpnt_? n t he
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same pl anpadsne hao. émonéexsmpkmmsnébémmmﬁtneesanweHQSnHSWBemﬁemopnca.second
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I magi ng concept of  an e | ar di ment t he present vention. In Fig.
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t he nel atseparatémhmMa,ge(ﬂonrﬁtbmecamelIemélemﬁa@emmam@epmast uoitsry changes. The

sane df ot A0GRARlaS GyESHA 208:d BErbIRGR PRMRoBEAAHIEe LERSSSIRS, 10°
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110 serve as U fi ion re ates how
changes i mpsnthm arercdmpgnszded f<1|04For|cm@rrtp|lemnm eowmpenslanetﬂloflahave:beerexarrpl e,
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bet ween i nmagi ng unit I ng too own In 3@
present i HemhowA m§lgat;|)ethea3réwtsemn\sea¢l@nﬂ%ablemﬁg@@enﬁtema' ngesmidi thg t ool
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bondi ng tool 104 can be accurately nmeasured because cornercube offset tool
109 i magkandihiachd04 6N be @acwately Meageep berruseIPMSFURRFS P09y st em

(not showmdgas bbRdig ftb@U0R)ontd I hﬂa%@BQhQHQQBW%é bpticaP by ftemdinBgsihdvi inl 04 i's
shown as ?E% flected ray 20 which travels fromfirst position 202 al ong

first optisligws]s 114 (shown in Fig. 1), as
The reference position of bonding tool 104 is shown as a reflected ray
20 which travels from first position 202 along first optical axis 114 (shown in Fig. 1), as
direct image ray bundle 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 surface 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



- direct i r bundl e 210 fromfirst position 202 through first |ens

el ement 1 '13§¥Fect I mge ray bundle 210 continues along first optical axis
114 where it then passes through top surface 226 of cornercube 106 onto
first internal reflection surface 218. Direct inmage ray bundle 210 is then
reflected onto second internal reflectipn surface 25 220, which in turn
directs it onto third internal reflective surface 221 (best shown in Fig.
3). Next, direct inmage ray bundle 210 travel s back through top surface 226
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first intexinal reflection surface 218. Direct inmage ray bundle 214 is then

reflected onto second internal reflection surface 220, which in turn
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Al t hough the above exanple was describ base on positional changes al ong
the X axi the reflested émegg pg vigwsHibydmaginaounih iy in athehyordfe aysenkly L0919 As

i1 T usqisr at g prebiht GhveatiBalmsl 6OtRASERIM a16hg BRNE} BahitAeIx Aty agdP¥ihadat Of f set
position 222, is evidenced by the difference 224 in the neasured Iocatlon of

bondi ng t Bt§1imAga oh thesensdivg FRALLOR SRPSRTS "Rietikely siieeent & Atk Pocat i on
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104 appears relatlve onar o I Magi'ng
20 offset alignment tooI 109 is Iocated at a position approximately midway between first

optical axis 114 and second optical axis 116. To facilitate mounting of cornercube 106,
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



- There wil | g«i ggge m ni mal degree of error, however, in the neasured
position K§s-18 I ng tool 104 due to distortion in the |lens system
(discussed in detail below). Referring again to Fig. 2A vertex 228 (shown

i n phantom) of cornercube 20 offset alignnent tool 109 is |located at a

posi tion approxi mately m dway between fjrst optical axis 114 and second
optical axis 116. To facilitate nounting of cornercube 106, a |ower portion
235 of cornercube 106 nmay be renoved providing bottom surface 223, which

may be su t I t RefiR i r portion
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fabricated. The nmmterial selected to fabricate cornercube offset ali gnment
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pass. |t wavalenjtBMhahe@nmijoaimeny, aemerdide obfsESelignadrlnedniostiglanlin8exrsy be
fabricated o hanglbe%g PL e7determ ned range of |ight 10 wavel engt hs between
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20 exemplary embodlment of the present invention translated in a direction perpendicular
to the separation 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



- provi ded%}/ anbl nt light or by the use of an artificial |ight source (not
shown) . | Bhd xerrpl ary enbodi nent, typical optical glass, having an index
of refraction of 1.5 to 15 1.7, nmay be used to fabricate cornercube 106.
Note, the index of refraction is based upon the material chosen for maxi num
transm ssion at the desired operating (yvavel ength. In one enbodi nent,
cornercube offset alignnent tool 109 has an index of refraction of about
1.517. Fig. 3 is a perspective view of |nage ray traces according to an 20
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t hr ough tQmhcieht 3P #GRtha&Or nercube 106; strikes first reflective surface
218 of cornercube 106; travels through cornercube 106 in a path parallel to
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present invention | 'ustrating lens el enen corner cube 106.
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above \NGoEAARA YR8 D IhRTRINGR 1Rkl infRelail siANCe from object plane
112A K&S-133SG™- 10 and 1 nage plane 1126, and i naginary plane 211. Doubl ets

are preferred baseoh@ne.stmétraué&p@w&rarpazéncaéry%@hértu@émésftHel presdrt ed in
Fi gs. 4A-4B, an exenpl ary iment of cornercube 106 has three internal
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el ement s th@8nciddrd bepmo@dugiehia Suarctsacondeagni fi cati on and are arranged rel ative
to cornercube 106 such that
As shown 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 tool 109 in an exemplary vision system. Fig. 7A is an
overhead view of lens elements 108, 110 and cornercube 106. Exemplary image
origins, 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.



. the'tel ecentr|C|ty of the machine vision systemis maintained. Note that
front fod$S-183 $@ngth 502 fromlens elenent 108 to vertex 228 of cornercube
106 is equal to front focal length 502 fromlens elenent 110 to vertex 228
of cornercube 106. Note al so, that back focal |ength 504 fromlens el enent
108 to object plane 112A is equal to bgf focal length 504 fromlens

el emrent 110 to i mage plane 1126. Fig. Is a detailed view of an exenpl ary
cornercube 106 of the present 15 invention. Note that internal reflection
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around t h&e%eﬁ%béz V%?éJﬁna?H ﬂﬁs & p1FROEMbASiIATehPNe A OBMehP80XhaXhs-
K&S- 133SG - 11- Figs. 8A-8 lustrate the effect of tilt about the X and Y
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and Y axepndge ray bundle 922 is then reflected onto total reflective surface 908. In a preferred
embodiment, total reflective surface 908 is a mirror. Next, direct image ray bundle 922
20 travels back through lens 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 apparatus 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, lenses 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



terns of tjlt n arc mnutes vs. error in mcrons. Fig. 8B shows the effect
of tilt dﬁgﬁﬁa3 Phe X axis versus error and i mge | ocation along the Y axis.
Fig. 8C shows the effect of tilt around the Y axis versus error and inage
| ocation along the X axis. Fig. 9 is a detailed side view of inage ray
traces according to a third 10 exenplasy enbodi ment of the present
invention. In Fig. 9, the reference position of bonding tool 104 is shown
as areflected ray which travels fromfirst position 914 (on object plane
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Fig. 14, apparatus 1400 npri ses tical i mger_ 1402, such_as |ére(%gers

descnbedmabweremfpﬁar\@@a@%%wmsh&% Owﬁeaﬁlﬁqfawﬁes‘oeeewﬁ@allﬁéh%éoer dfs 108,

110, cor ngédilebiigthé@etolbrdice bP hatla ididnite NEdodmdIRdGhing tHehwirédoRdihg NY
illumnator for exanple. As shown in Fig. 14, lens 108 Is positioned between

obj edt pl SREAY9Y2  and of fset tool 106, V\/ni le lens 110 is positioned between

1402 and of f I nbodi t,
| one 110 and Tens 108 potbside releTenarethenal Bt FFETn LY FRafe.
Desi r abl yloopppsteat U500l 489 skawmpin Bigs1Hoarnimage 1Hod dfifgie aimbahil #0% &t reogisedis
desi red. Lyeraséaé st'i:éarg 120b. bl%'e'im?ié&?s br%vid%{j %%/qm%e%Qst%ﬁolz?(yéEoeB?o(:Qsos%r shown)

at a
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 EFO system 1504 so as to adjust the output 1506 of EFO 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 comprises

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



| ower port| on_of capillary 1404. Inmager 1402 is able to view free air ball
1415 (frcﬁﬁ 33 ?J%(fect pl ane 1412) as an inmage formed at imge plane 1410 via
| ens 108, cornercube offset tool 106 and |l ens 110. The inmge of a free air
ball 1415 is provided by optical imger 1402 to an inage processing system
(not shown in this figure) where dinmensjons, such as the diameter, of free
air ball 1415 is determ ned. Based on this determ nation the 10 paraneters
of the EFO system may be adjusted in a closed |oop feed-back arrangenent,

as necess oeiﬁé(r rek e&?%rcﬂ'asttﬂg Qrf%%%.@md)fthfe Wdth&d of FefBcdd eQ? I-ﬁ? ed cl osed
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bal | 1415 to exceed its desired dianmeter tol erance or to have a dianeter
too small during tHS Wepdonssihahayg. thes yprdation fihe frgy exemplary |erhodirent an
exenpl ar yac%srhmxatéé \}yri@gg det s'ﬂrﬂésa\%@iﬁ tﬁes@'t?ﬁ&dof éq@ﬂﬂné%%c@@bt%pla&'s ghown in

Fig. 15, an i mge of free air is received I rage system

1400. 5Thethlsn%iﬁ@“ﬂ'@ﬁ?ﬁﬂ%ﬁ“%fWﬁd@%’“%%Pfé%' faisstar &Oﬁ?oﬁ‘é%‘s%ﬁa C4HBR, wher e
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eterm nation a signa oVi syste th

par anet eﬁ%e Plafedze 9%95 qﬁgéml@oo q?gzagrf'ﬁ?tfe?ﬁﬁe%g%% fbf)éoégg(%’ %tﬂé system

1504, thusan teéih betidergified & iala amsbdresystdm {ndtssguen to breratzly plaed the dié bo.

Referrin siyde. Vi not her exenpl ar d| nent  of
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t he presen ven 1Sl
conpnd sesdn%ncmllﬂ:)@q:)betv\@en péckgplbee pool 4084 aﬁd¢ptldabzeteC1d}Zﬂ)02ndtrlsaspect| ve | ens

sets 101%{110%{1&0@ P;g %Q:%%kin]iﬂ%ﬁé %E@ %r& fbo%smé b%'ént%%ﬂ‘ﬁ%ta%?%? to

i nprove the accura e attac pIc ace O asse |1 s uch as
di e 1008, nommatlrlg)mzk tophi J'higi exemplary Qémb@@ventrfemhacer&&ec@ﬁ\tbﬁppml

up- | ooKki néljv‘éﬁfé%ééwﬁﬂh Rspec® t8bBcrafEsBthe cﬁﬂ{erénﬁvﬂwgnfr@r\ﬂqesdrfbeﬂ'%ﬁg)ve in
conventional md to high accuracy pl acenent (e.g., die attach a

pi ck/ pl ac®s fisef %ﬁmpﬂﬁfﬁrﬁm badimele” exenpl ary enbodi ment, ganged rrul tiple

cor ner cubes 1014, 1020 1026 with varied | ens separ at| on, di stances, 1017,
1023,151029, respectfi9elQP 'SparB'\?Pd’éevéﬂ?“]erﬁiﬁem&ryleﬁgtﬁ’éj"af’md lpgsgated dhFigr  di e

1008, 101{bA.1lfHlRg. 1€5 Rehdreebe pridris uemnﬂmostlomsl akyplatéagjacdntael | in the
e SRS Spial SRS, ek o P8 o Yhbh R B Re
K&S- 133 SGo-dhe-anothney ifrdesiped ising sooverdi®nélelihesive medns, osedy beheldrat hod of
reflecti Oé]ign%e(ﬁt Witthmn% another using a mechanical device, such as a clamp or a
20 containment assembly, for example. The latter approach allowing for simple
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.



exenpl ary ngg iment is simlar to the first exenplary enbodi ment. As
nentionedqg% Gthis variation of the first exenpl ary enbodi nent
accommodat es various die sizes which these types of equi pnment accept and
place. In 5 this exenplary enbodiment, down | ooking optical detector 1002,
such as a canera, (e.g., a substrate capera) views features on the domnmard
side of the conponent to be placed, such as die, 1008, 1010, or 1012. These
features of die 1008, 1010, 1012, can then be identified via a vision
system (not shown) I I t shown)
usi ng pick tool dﬁg 335%%§:M2 tﬁgg%%ﬂ&agéﬁnpggﬂ%%gdﬁﬁgﬁécg%ﬁﬁéQQIOO6
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descri beoto%@w% éléHdlﬁgh@ ésrﬁztmemﬁrpj Y PR IEdRbr 1d&z Ftrgth.slgEem.ﬁaa, pl an
vi ew of the exenplary odinment illustrated in Fig In Fig, 10B,
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another, if desi si.ng, conventi onal ive ans held in

o iR LA 4ol dn Bl salon SN A908 Riorg oot adia TY iSthehdiey or
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with thr eﬁ&@pmmcmﬁacur@rﬁt@etlzoadng opiticali detegtdet 8dDack ¢ffsat fratn brwamothwo

corner cubg, gl 0l G Ry Pood/Stly 1hERSES L04ford Adhg ARR2R040R8, 1026,

1030 ma orme unitary opti an 1 ndi vi dual
| enses |fas@e@aﬁeédiarbflgldnwmmtlaa§b$tsw12ﬁl pasitéoned sadgareniSearhergHbe ppsach i s
shown in fi@s. 10C 10D. As shown in Fig. 10C, lens sheet 1040 has i nbedded
wi thin optical nmenbers 1016a, 1018a, 1022a, 1024a, 1028a, 1030a that are

substjanti al | y equi wagems @ piadivvdvlBfinel é@%ﬁa&%@oom&&m&&?&ed g, 1028,
1030. 30 Figs. 12A-12F illustrate further enbodinents of pr esent

i nvent i onlzﬁ W”Stf?fé@ethéiéﬁﬁ‘l"‘éws'é‘ﬂ%ﬂf 'ﬁﬁ?ﬁsssete’roéﬁ'flr?é?cﬁ'b%c‘ﬂ'r"?&ch’lbf*?”ég‘ed to
i nprove t{md4gaccuracy of alignnment of fibers. As in the previous exenplary
enbodi nent, the use of a cornercube prismallows for the use of a single
optical detector i ristreqdad, dohewaed Bokirg sptiehi datbttopleozieh¢abanwssdst ens.
. 1338q'acing 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



- 14 Refegggqg gg Fig. 12A, the exenpl ary enbodi ment includes cornercube
prism 10147 HS&s 1016, 1018, dark field illum nation systens 1220, 1221
(which are well known to those practicing the art) to illum nate the fiber
cl addi ng edge 1210, 1211 of fiber cores 1212, 1213, respectively (which in
turn produces reflections 1224, 1225 5,to outline cladding edges 1210,

1211), and optical detector 1002. In this exenplary enbodi nent, downward
facing fiber 1208 is viewed by downward | ooking optical detector 1002, such

as a Cane@idoly §the E‘orﬁ}é‘ﬂﬁb@trﬁulﬁﬁ%e%céo e EdA'sQRé%He%ig&éJ iflp rglet ect or

1002 detects the em ssion |ber core and I's then be
able to deluq;mmni@nﬂrfeuplrrmo@fronsrcﬁb%tterﬂ@? andtsubelibar H208pit b .ceiF., Bre@imilar to

centerli naqela?o%%ea&em%%rp%mbroalmérﬁytrﬂe%%%e%t dpuaned Hede0Oki Ng optical detector
1002. As is further shown in Fig downward facing fiber 1208 and

optical detector 10@3c@fh% st se- ané@n@aﬂ]aﬁecﬁWﬂhQﬂ{gle B¥eld1 SRS Pideess @ll St ance
1006. Also illustrated is upward facing fiber 1209 and g?@SOCIated d

fielddill (FACALRY 8hasf9'§‘f"’errﬁ”P2f2tierp6%9 ) ba @nd @BAENEE SN9lT LR NBE Fhawn 1014
15 Fi 12B a pl of the exe odinent jllustrated.in Fi
I5A 1 Dl ustrating LnBrreiss it erdboprerbbaimeah ot dhnted e het Se," ' O
cor ner cubbupdie sfra fib8d dptid splifieg be&n@(bekdmmpum detemed 10920 prHecarhbatiineat also 1002

a0 J0MNIGL o bR ol MRETodRAS QLN Rl BAR LLORE G5y LRAL R0t T2l ray

1229 of doWhval i ber
centerling20®3ate mﬁ/etspdlastcthftaat fnlgerfqpblerbunﬂ@glmonlse)oalglaned amcofrnetdbe
|IIumnatto)g§}B Ypahem 1221 is used to illum nate upward facing fiber 1209 for
recogni ti y the vi sion systemto ensure proper alignment with opti cal

detector 1002. Next F|fg§nﬂ3@-§3§hmygﬂra't@ a"?h&herlgrgbo&lme'n?%# tHéehresdlindiRidnand
downward 25 facing ber 1208 are again rgp05|t|one based on the of fset

1027 det eireﬁ%axmn»'ﬁwgemf)%W&c?eg%mlscg%g of aligpmenited is esadderimpsovs g.

12A. As atﬁeesdthracydﬁwwdntf@fcamt.cél fasdr 13225@8,\,@516 cHeuRefericre) sihfdsher 1209
are allgngd W t h ﬁne anot tical fibers 1208 and

|
1209 are OREA9rdPREd RS- 1%6‘0?1‘%"'?1?’2%“65‘]0 dg%l’ﬁlﬁ?ﬁl A3PrREIFPques, such
as f usi ngattheudh ﬁnermetrmgenmadst deslirnged. 30 |I§a(hoadohﬂéin|6lﬁtlid thhowdtecto® 1 30BChani cal

f 12F i1l t d t,of th
rosent 1 A bode ity gt photndRut 3 BRisittaat SPARE AEREL U B,
al i gnment pteyidusldxémplay esembdiroerts) ge userdiaxdodoercube bifses alignineht tvef sovi202a
of a fi beForocRE Wu&e %PL 'antg?J o;}t?cgpdgvegar'ir%ﬁga%c&f’ th€ conventional multiple detector

systems.

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 centerline 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



i ndi vi dua{(&gplhi %§I fibers 1208, etc. As in the previous exenplary

enbodi nment’;, 3>Gse 35 of a cornercube offset ali gnnent tool allows for the
use of a single optical detector K&S-133SG - 15 instead of the conventional
mul ti ple detector systens. As the steps |leading up to alignnent and
coupling of optical fiber 1208 and sub+fiber 1202a, b, etc., are simlar to
the above exenplary enbodi ment, they are not repeated here. Once the first
sub-fiber is aligned with si ngle fiber 1208, the process is 5 repeated for

a further d(tg‘tﬁptofr 11RB5, 17458 ngée &%O&Qernﬁﬂgti@r{‘?ff %fcaﬁ&é“rﬁér%nfa 1?6& rhd\Pbe Shown) .
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further e gl ment of the e i nvention. exe enbodi nent ,
a cor fer c%eprBF?%séjc'scéﬂP?eéjn?\tg’P(F ngesPECtl}Qé:éF 1A G#PBR/EO Z[ﬁgﬁ)%r(’a Ly Figt
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optical ragdi I%l on. in the previous exenplary enbodi nents, the use of a
cor ner cubé off set aI ignment tool allows for the use of a single optical

det ecfpor instead of AFtH&Jgﬁ‘Pfﬁé%&éﬁ?rlnve%n%ﬁ'hlg%rlq%trﬁ!f[sgéyelllﬁyﬁét%g%ndzo

Referring to Fig. 13A odi nent 1 nc s cornercube 1014,
| enses 1098scripg M'thdsﬁlkeqtt@PdorﬂqrﬁHﬁerﬁW'@r(es@sPéﬁffﬂ’gd?e(Wﬁ"&Mt‘%n%elI known

to those|ipftaglth&ett) HHRrFibh dd¥idesInty) Palised, MRartidtsly Gdhafl dirRatirdgRsM210 of

fiber core 1212 (which in turn produces reflections 1024 to outl|ne

cl addi ng &Wﬁbf@?f'g%ﬁﬂoﬁp‘?f thgpresgat kyeption.dbis. desiiaklgite héX%HﬁTaﬂFS/'mage
enbodi lrregtaysdqwmalﬁlog donfih n@tibh beFefb2Ne pSsMisQeds a&ohyerelﬁwwnd magoki ng
optical detector uch as a, capera (e.qg. substrate )
Do d_ PTG PERT I G S BODe A CRL s AH PR BN Bkt Eg pflberi 222
fromfi behowever, &Q@taamdonf@urét&rmwbhq:aralledbbemsiunegéheyspmepeble dekfredtanbd027

bet ween th ber Ilne 1223 and central ray 1229 of downward
| ooki ng oﬁﬁ}eégf) e&eotqé)é'sm i’gg |s further shown in Fig. 13A, downward

f aci fib 1208 , , . h
bf/lc:opg delt ef:ﬂ. e d?gﬁgﬁlﬁcﬁeﬂ %%Ooé'ggetn%(l\’lli\%rntlog’glag'gﬂ%a?‘ﬁfbgérf 3&dcribE@TR Agtignot her

to apparatuses and methods for measuring the size of a free air ball, it is not limited

20 thereto. 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 bali formation process (e.qg., 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.



In Fig. 13B, downward | ooking optical detector 1002 and downward facing
fiber 12083dd3pRen repositioned such that central ray 1229 of downward

| ooking optical detector 1002 is aligned with optical centerline 1304 of
detector 1302. It is wunderstood that optical centerline 1304, nmay not
necessarily coincide wth the physical ;5 center of detector 1302, but
rather i s dependant on the | ayout of t%e particul ar K&S-133SG - 16- detector
1302. In this case the determ nation of optical centerline 1304 nay be
acconplished by the | ocation of the center of the active sensing area of the
det ect or . WRaikis Claiftedas shown in Fig. 13C, optical detector 1002 and downward
facing fiber 1208 are again repositioned based on the offset 1027 determ ned

during 5 the procebs diASUISELOAMRASUING H'e Hzpatires airmays forgewith et 1027

is ilbustyipé@enddt Favehg d 3. bohdiry toBSaHd an RGN &b TFF (- d)i deeice 1828 and
detector 1302 are aligned with one another. As shown in Fig 13D, opti cal
fi ber > 120950 COBPEENEr 1302 are then kept in aligned position using

conventional techniques, such as optical epoxies, UV epoxies, for exanple.
10 Alfhough_the pre%%H?aQ%V@%PF%%aﬁ3§EthﬁﬂPF?§p588h illustrated and _
descricbed with respgébgﬁgﬂg%éggggkawg igsgégg"&e.g., a cornercube prism it

is no limted ther I'sm devi cés nay be used, particularly other

reflegtive prisms. i, rfe%ﬁs GOSNl e Q&S 1R fnfsbﬁn@dee.;lsné ahBYRObHAR, 1t
is desirable to have parallel 1nmage rays. I'n such a configuration, a
refl edti vié Dfifss apEeR Rakly the gbleast eiflenp Pratonad betwegp ke ads™ anddftwhi ch

enterg anghRyer bAd Mg spEdrandptitBppAR] tl detomdbptidat batOb QRE dARGEAEFom thovever
in certair contclas;uratl ons non-parallel beans/imge rays nay be desired, and

ot her9typ£r§t gPtic Pas nmy be utilized. Although the present invention has

primarily been described in.relation_to.a ratuses and met hqds f

measuPi ng the si ze BREE pRunggs ot ree gif pall iSposed aeigwes potin atthe The
appariat usese dnddingtthads pdividddoodtie lireagenviatiee pdshwindftbe atrmsuonagna. shape of
a free air ball, a texture of a free air ball, and any other quality of a
free dir ball that2may Bbee sistenmf gimuswhereirhthedirisen issedormerduhe jpuies. For
exanpl e, such shapes and textures of free air balls nmay be conpared to a

threshol d shape or gext ufge sRtedhWrich@h ICRALIH tHet 1EdRBnBIIENDREILAESS ML T ON
process (%ﬁgkﬁsa cl osed | oop process). 25 Although the invention has been

descr Zbedfl REA [50Rd (&S isnishieps beiRgRrastHaRed befwesnsthgdirsy imageed
therego. Hah&ahd thdprispnRBsetrse bptite patm wind the secomastndipéing positishewle ot her
variants o e RRd BN ahathe iMSatr M ERE SOLna Bt SN, Pe

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

2 second optical path are substantially parallel to one another.

1 5. The system according to claim 1, further comprising a processor
2 in communication with the imager, the processor determining a size of the free air ball
3 and providing at least one control signal to the EFO device to control the size of
4

su>bsequent free air balls.

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

2 maghnification levels.

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

2 adjacent the lower portion of the wire bonding tool.

1 8. A method for measuring a size of a free air ball for use with a wire
2 bonder having a wire bonding tool and an Electric Flame Off (EFO) device, the method

3 comprising:



made by those_skilled in the art without departing fromthe true spirit and
scope of K&we133@sent invention. K&S-133SG -17- Wat is Claimed: 1 1. A
system for measuring the size of free air balls for use with a 2 wre
bonder having a wire bonding tool and an Electric Flane Of (EFO device,
the 3 systemconprising: 4 an inmager_ g sposed above a first image plane; 5
a prismdisposed bel ow the imager; and at | east one |l ens positioned
between the first image plane and the prism 7 in a first optical path, the
at | east one lens positioned between the prismand the 8 inager and in a
secontl optical pat Heceivieg sadbdaedinpeaPl Petffeerr hgll viafg BRigRt fromthe 9
first optical path, 10 wherein an image of the free air ball disposed at a

| owers portion of thﬂocek},m\gnthe r@&l‘\ﬁ@dnawabe%lfth@f@é awipidotrRedsife biRESTond & t he
prismand the at |east one 2. The systemof claim1l wherein the

prismis UMERFARPEHISS TR ?'§|rr‘la' i“ds The system of claim 1 wherein the at

| east one lens includes a 2 first lens and a second lens, the first |ens
bei ng7 posi ti oned bqiraedimgtaheoritial sSignantagde EFP| davicecdraded loa the ias eastiotidie fir st

optical p e se | ens being positioned 4 between the prism and
t he |$rage°ﬁ%lgrrlls'§]ﬂgdﬁb fr?\%g'g% Ilcal path. 1 4. The systemof claim1l wherein

the first optical path and the 2 second optical path are substantially
parallel to one andt-her.The mBethpdef sipimdhwheretr ierrjer of tdcaivinglinciudes her

conprj si NgcdviRg Qﬁ@ﬁﬁ%ct itndgd &QH@W&E%‘P\I bémm.%tdarﬁé}@uﬁerr@&%., the processor
determning a Size of the free air 3 and providing at |east one

control signal to the EFO device to control the size of 4 subseﬂuent free
air bhlls. 1 6. ThetSystB®BFthedafdaim & yhenel theciier PETSs§ivINDINGHErSty of 2
magni £ i cattaving enelriliredt imagbhe thy sfe@irballoVigiarboinertubid frigm @aaRIt icistgnén

I I bondi | .
5 h ittt pgR aeae e G S arrsu i A ghe M & haneBolice wi th a wi e 2

bonder having a wire bonding tool and an Electric Flanme Of (EFO device,
t he net hod 3 conprilsi ngthe method of claim 8, wherein the steps of receiving, processing,

2 and providing are performed absent interruption of a wire bonding process.

1 12. A method for analyzing an image of a free air ball for use with a

2 wire bonder having an Electric Flame Off (EFO) device, the method comprising:

3 providing an image of the free air ball to an image processor during a

4 wire bonding process;

5 determining whether a characteristic of the free air ball is within a

6 predetermined tolerance; and

7 controlling at least one setting of the EFO system based on the
8 determination step.

1 13. The method of claim 11 wherein the determining step includes

2 determining whether a size of the free air ball is within a predetermined tolerance.

1 14, The method of claim 11 wherein the determining step includes
2 determining whether at least one of a shape or a texture of the free air ball is within a

3 predetermined tolerance.

1 15, The method of claim 11, further comprising producing a desired
2 ball size continuously with the settings for the EFO system.



K&S-133SG -18- 4 receiving an indirect image of the free air ball via a
prism 5 X¥0dé33Fng the received inmage of the free air ball to measure at

| east one 6 dinension of the free air ball; and 7 providing a control
signal to the EFO device based on the at |east one 8 dinmension of the free
air ball. 1 9. The nethod of claim$8 rein the step of receiving includes

2 receiving the indirect image of the Tfee air ball via a cornercube prism
1 10. The method of claim8 wherein the step of receiving includes 2
receiving the indirect image of the free air ball via a cornercube prism and
at lebst one 3 |end$.di siheswdthodiafetaimt He ferdhereqompsising illsminmaticigtthe frger e
bondi ng ERP$M|%nﬂénimnﬁmgﬁBﬁgﬁxgE.C|ai”‘8’ wherein the steps of receiving,
processing, 2 and providing are performed absent interruption of a wire
bondi ng process. 1 12. A nethod for analyzing an image of a free air bal

for use with a 2 wire bonder having an Electric Flane Of (EFO device, the
met hod conprising: 3 providing an inmage of the free air ball to an inmage
processor during a 4 wire bonding process; 5 determ ning whether a
characteristic of the free air ball is within a 6 predeterm ned tol erance;
and 7 controlling at | east one setting of the EFO system based on the 8
determ nation step. 1 13. The nethod of claim 11l wherein the determ ning
step includes 2 determ ning whether a size of the free air ball is within a
predeterm ned tol erance. 1 14. The method of claim 11 wherein the

determ ning step includes 2 determ ning whether at |east one of a shape or a
texture of the free air ball is within a 3 predeterm ned tolerance. 1 15.
The nethod of claim 11, further conprising producing a desired 2 ball size
continuously with the settings for the EFO system K&S-133SG -19- 16. The
met hod of claim 11, further conprising illumnating the free 2 air bal

with an illum nation system



