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TOL TI P KISRé22CPRI SM Thi's application clains the benefit of priority to
U.S. Provisional Patent Application Nunber 60/581,476, filed on June 21,
2004, the contents of which are incorporated in this application by
reference. This application is a contipyation-in-part of 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, 53 , i -in-part of U S
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generally to a nmethod and apparatus for mapping 10 positions of a capillary
tool tip using a prism Mre specifically, the present invention relates to
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shown hi's conven system consi sts of two i mage devices, a
first i mig' ng BACKGROUND OF THE INVENTION

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

20 placement and/or alignment of components and bonding wires.

In conventional systems, post attach inspection is used to determine if
changes in fabrication machine position are appropriate to effect proper placement
and/or attachment of bonding wires. As such, these conventional systems typically
compensate for misalignment after such improper attachment is made, thereby

25 negatively effecting yield and throughput. These conventional systems have additional
drawbacks in that they are unable to easily compensate for variations in bond
placement due to deviation in the X and Y position of the bonding tool capillary tip as it
comes into contact with the device being bonded, further impacting device yield and

negatively impacting manufacturing time.

30 One type of conventional vision system is illustrated in Fig. 11. As shown

in Fig. 11, this conventional system consists of two image devices, a first imaging
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20 and the optical imager.

According to another exemplary embodiment of the present invention, a
method for mapping at least one of an X-axis or Y-axis position of a capillary tool tip is
provided. The method includes receiving, at an optical imager, a first image of the
capillary tool tip at a first Z-axis position. The method also includes receiving, at the

25 optical imager, a second image of the capillary tool tip at a second Z-axis position. The
method also includes determining at least one of (1) an X axis position difference or (2)
a Y-axis position difference of the capillary tool tip from the first Z-axis position to the

second Z-axis position using the received first image and the received second image.

According to yet another exemplary embodiment of the present
30 invention, a method of measuring an error introduced as a result of a variation of an
angle of an optical system having a prism for use with a wire bonding machine is
provided. The method includes determining a first crosshair position on a first reticule
disposed at an object plane of the optical system. The method also includes

determining a second crosshair position on a second reticule at an image plane of the



determning a ond crosshair position on a second reticule at an inage
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determ ning a variation between the first crosshair position and the second
crosshair position to nmeasure the error. According to yet another exenplary
enbodi ment of the present invention, asnethod for determ ning, using an
optical imager, a position error of a wire 5 bonding tool as it noves al ong
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per spect i The medhwd@fisainclodespeterpininh s pasitiongrrarhetyeensthe first aveseqond; Fi g.
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enbodi mrent of the present invention; 25 Fig. 2B is a side view of inage ray
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Fig. 31is erspective view I e [.a races_accordi.n £50 exenpl ary
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invention; Fig. 5 illustrates the telecentricity of an exenplary enbodi nent
of thé present invention;BRIEF DESCRIPTION OF THE DRAWINGS
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

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

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;

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

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

30 exemplary embodiment of the present invention;

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

present invention;



K&S-132SG -4- Fig. 6 is a detailed view of an exenplary retroreflective
cor ner cul&t %%(‘? tool according to the present invention; Figs. 7A-7C
illustrate the effect of tilt about the vertex of the cornercube prism of
the exenplary vision system 5 Figs. 8A-8C illustrate the effect of tilt
about the X and Y axis of the exenpl a_rx_vi sion system Fig. 9 is a side
view of imge ray traces according to a third exenplary enbodi nent of the
present invention; Figs. 10A-10D are various views of a fourth exenplary

enmbodi nrent of 10 tt res 1 nventi.an:  Fia. i i Sion

according to the pr'Ji?%réa'é’r ?‘a&éilég&”%gﬁéf%%fxae@ I?r%ljrﬁsrﬁ rreglte ¥96\?1esg°5?g%a#’$f%fﬂet
exenpl ar yoelrasgeridinanto the présent prvestion; i nvention; Figs. 13A-13D are vari ous
views of a sixth exenplary enbodi nrent of the 15 present invention; Fig. 14A
illustrates a portifigs. dA-#nilgepis Beeffepbel Wt aBoytdhe ygppx eftheneorneccubel v

posi tion RfsnPoCiBidkbMblary Vi SsysteriDVes al ong the Z-axis; Fig. 14B
illustrates an inage of a travel path of the capillary tip, at exenplary Z

hei gh{s about a nOfﬁi%ﬁ”SAP@ilﬁﬁs&Bﬁe @ dffedt oflfIfabblithb NedREY axRYFthon of an
exenplary a ratus tor determning the variation in the displacenent

positi on BF ISR s by using two crosshairs; and Fig. 15B
illustrates a canera i e .of the initial and final .positions of the
reticul es as measurdl by 4 AEe YR ehimase dpY BRCRuATORT AL Ena AP sEeRRRRY | ep
DESCRI PTI«bhbodiraerindfithe pdessot owentdorgf U. S. Pat ent 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 FRiggrl@8s1GP precaripois et ¢fia foaftdrexeowlary eaibediment of set

forthyin thlpkeseipvdddor@ 5- An object of the present invention is to measure
and correct for the error introduced by the X and Y deviation in the

position of the capiid.lary & Vibioalsystehd &6BRlind to BRSPS
Fig. 12A-12F are illustrations of a fifth exemplary embodiment of the

present invention;

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

15 present invention;

Fig. 14A illustrates a portion of an exemplary apparatus for mapping the

X and Y position of a capillary tip as it moves along the Z-axis;

Fig. 14B illustrates an image of a travel path of the capillary tip, at

exemplary Z heights about a nominal position;

20 Fig. 15A illustrates a portion of an exemplary apparatus for determining
the variation in the displacement position of the optical axis by using two crosshairs;

and

Fig. 15B illustrates a camera image of the initial and final positions of the

reticules as measured by the system error in bond placement.
25 DETAILED DESCRIPTION

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 ger ai n exenpl ary enbodi ments, the present invention 5 rel ates
to a net & pparatus for mapping the X and Y position of the capillary
tool tip as it noves along the Z-axis using a cornercube offset tool. The
optical systemof the wire bonder in conbination with the cornercube offset
tool maps the X and Y position of the_gqpillary tip as it noves along the
Z-axis. According to another exenplary aspect of the invention, the system
10 determines the variation in the optical axis angle by using two
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to the dmsitehiaithe napitteary Xipaasdit Yhqyes iatdngrthefz-axie. capillary ti p as it cones
into contact with various devices at different Z heights can be corrected.
According to yet arfschiingtocarnsitheryexesyrbay aspectind the swentionthesystem t he
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accur acy | aceme correctin error due to the X and
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wi Il al sasyireps s tb;@rg@cmoaféeseaet.s ?ﬁﬁﬁér@&i’atbﬁﬁe objdceMdhe draris GREG&RLAt @@ of the
error due to variation in an the optical axis. Using the optical

system ofiMaAE PA"eeSHuhaEPrnesr PStdﬁé'FEube of fset tool, and appropriate
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corner cube offset’ tool - Referri ng per spective
vi ew of a%h@g@hﬁtp%);h%ﬁg@m%ﬁtac%wed and processe by the vnsnon system to

20 determine its X and Y position. Accordingly, the error in bond placement due to the
deviation in the X and Y position of the capillary tip as it comes into contact with

various devices at different Z heights can be corrected.

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

system is for use on a ball bonder during normal operation to improve the accuracy of

25 bond placement by correcting for the error due to the X and Y position deviation of the
capillary tip with variation in Z height. It will also improve bond placement accuracy by

allowing for correction of the error due to variation in angle of the optical axis.

Using the optical system of the wire bonder, a cornercube offset tool, and
appropriate illumination, the X and Y position of the tip of the wire bonder capillary may
30 be mapped as it moves along the Z-axis. The error introduced as a result of the
variation of the displacement position of the optical system can be measured by
determining the variation in the position of crosshairs on at least one reticule. In one
exemplary embodiment, one reticule is placed at the image plane of the optical system
and another reticule is positioned at the object plane and is imaged at the imaged

35 plane via the cornercube offset tool.



the present invention is shown. The systemis included in wre bonding
machi ne 13254 enpl oys a cornercube 106 (i.e., a cornercube prism 106),
having a plurality of internal reflection surfaces (best shown in Fig. 6),
| ocated at or bel ow object plane 5 112A of bonding tool 104 (object plane
112A, shown in Fig. 2A, is part of plang 112 illustrated in Fig. 1). In an
exenpl ary enbodi nent, cornercube offset "alignnment tool 109 (conprising
cornercube 106 and |l ens el enents 108, 110), has a tot aI ~of three internal
reflection surface a ri bed
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preferably identical lens elenents 108, 110 |ocated at or bel ow object 30
pl ane 112A and i nageptidahiteadingBnit AR3t seah asxe fpPdmagentdtPsimagersii@mn in Fi g.
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wi th optical axes e} Her ei nafter conbi nati on
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of f set t ool ?9 ‘and/ or cor ner cube offset alignnent too 35 109. K&S-132SG
exemplary embodiment, a position sensitive detector (PSD), such as that manufactured
by Ionwerks Inc., of Houston, TX, may also be used as optical imaging unit 102. In
such an embodiment, when the hole in bonding too! 104 is illuminated, such as by
using an optical fiber for example, the PSD can be utilized to record the position of the
spot of light exiting bonding tool 104. It is also contemplated that the PSD may be

25 quad cell or bi-cell detector, as desired.

In an exemplary embodiment, the focal point of the vision system

(coincident with imaginary plane 211 shown in Fig. 2A) is located above bottom surface
223 (shown in Fig. 2A) of cornercube 106. In addition, the exemplary embodiment
includes two preferably identical lens elements 108, 110 located at or below object

30 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
to as assembly 109, cornercube offset tool 109, and/or cornercube offset alignment tool

35 109.



. 7- The in%ge glane of cornercube offset tool 109, including |ens el enents

108, 110,K&x188Pfci dent with the object plane 112B of optical imaging unit
102. In other words, the imge plane of cornercube 106 and | ens el enents
108, 110 are aligned to bonding tool 104 which also lies in object plane
112A. I n an exenpl ary enbodi nent, 5 Ien§ el ements 108, 110 (or 205)

preferably have a unitary magnification’factor. First lens elenent 108 is
positioned in a first optical axis 114 between bonding tool 104 and
cornercube 106. Secgnd. | ens eleqpnt 110 is

subst i al in the sa | ane
SO et or 1o st ttimaca e et the St 0 bl Mepand 18 SisaTs b
axis 116 1, videnisoqincident witheidie rodpjechiptanQA 28rud optitaiemaghe drii610zeen bthgr 1) .
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anot her bemeihgteok pet whiah alesliemincbiesdt pemetil@ds lofarberampigry erabédiment,00. | n
one exe ' t ' i : s ' i 114
and sécgﬂhﬁ%%'fﬁi%%’%ﬁ?é‘“fi%?iZESEE%%B?Yﬁ%dQ%W%.ﬂ%g%“f%“i“Sﬁ%i‘f‘hﬁ
di st ance lengeleayend08ds pegilioneslsin anfiigt opticeh axip 4 14 (betwaempgn @q)éfmﬂilﬁg apd

desi gn 15.frRaeisCi68.] 8BEordakAs Bdnicdt 1A iPQMtIHiaRENtREsarfé BlandAsithattof
detailed side view of image ray traces and illustrates th Mpeneral I magi ng

f : t . ] . e .
concept ofrshifng et rAPSANIIgiPRENP S In #8eqopd oBHEal i axhtG BREWeeR opfige! 24,
exlerrpl ar yimadynd mcee? aihﬂ) ,coﬂlbﬂa[mfeel%e(ﬁeé atgeg).f O ofié éf(émwahﬂleﬂbbdﬁﬁd’rﬁ,t ﬁsa he
rel ative _i ni of the u I mage e to I t1onal changes. The
same i st eeeane et exts, EF dud 3k ard Ay SoRk e 7Y ane el Wi 108,
110 ser v_espa:sedjabararfry)m osg andtheabased q@myﬁic design c@hsidératiodenbbetdid es how
changes | ﬂa%tnﬁe ?ﬁ&.d'IH%n%%Q{e]méB?%e%%He%g tAL 8isEHREA8H Rl Phirst %Pﬁcaefxanpl e,
once conventional nethods have been used to6 accurately neasure e di stance
bet ween i gl b andisecordopdigal Boh 1l e ahoyt 0.4004in( EHLRPO M Fiadthoagh t he

present i#f¥antd 908 ina & §Ralf AVBBHSES. S00 M. (8 ANARD débehﬁ'i‘ﬁf;%ﬁ &psi ng tool
104 offset position 222 due to changes in the system The location of

bondilfig teEeidertiosrelgtedodhe 2oafpaRedined because cornercube of fset too
109 inmages bonding_ tool 104 onto ] mage péane 112B of the optical system
(not shown in thisFiBi ¢d/%s éebﬁr’}ﬁgrs@?é’g%e IMRAS By SFRCEF aaﬁﬂﬁ@ﬁr@t%sot&ﬁ 104 is
shown as geregdlligabad dodyeptId amtexem ptargeelmdfmein Ifiths prgsest fnventict) 2IraFigng
first optigcal axis 1145%?ho in Flg. %% as, direct | er updl e 210
from 111 sthgbemin 305 ERT ol ¢ sephinroc Ry o WIRORN B il e Fay
bundl e 21liGhroomity ofuthe rasdtegt imegde doptao paditianal shdrigéswWibeasairte diskancealsses
t hrough t S AL SYints ¥ o 9%5%g® ARt Qe 114 8tse U Loy ef I ection
surf gge 2%3)_&1 A{E)% r ec'tn?al?g gén ra;(/e %'{jc’ng e ° % 1fhnsén raesfr%c e@‘ﬂoan o second
i nt er nal maghificatigmredayst ik 2A also demonstrates how changes in the bonding tool 104
position are compensated for. For example, once conventional methods have been
used to accurately measure the distance between imaging unit 102 and bonding tool
104 (shown in Fig. 1), the present invention is able to compensate for changes in the
25 bonding tool 104 offset position 222 due to changes in the system. The location of
bonding tool 104 can be accurately measured because cornercube offset tool 109
images bonding tool 104 onto image plane 112B of the optical system (not shown in

this figure).

The reference position of bonding tool 104 is shown as a reflected ray
30 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 refiection surface 218.
Direct image ray bundle 210 is then reflected onto second internal reflection surface
35 220, 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



35 220, which_ in turn directs it onto third internal reflective surface 221
(best shdW®iA2SE g. 3). Next, direct imge ray bundle 210 travel s back

t hrough top surface 226 of K&S- 132SG - 8- cornercube 106 as refl ect ed I mage

ray bundle 212 along the second optical axis 116 (shown in Fig. 1) and

t hrough second | ens elenment 110 to |nag§ plane 112B. It is reflected inage
ray bundle 212 that is detected by inmaging unit 102 as i mage 204. Consi der

now t hat the position of bonding tool 104 S dlsplaced by a 5 di stance 222

due to a variation in s ten1te era shoywn in Fig. —2A
the di spl SIEMICH RIS B FBHAR i AeBarY pUnTE 212500 BB 60T PEIFDOKE G +aged
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travels as a di rectcd nae panBURR St oMinbiNoAGM 4 fsShe 825 G&Jfﬁent 108.
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which in turn directs it onto third internal reflection surface 221 ﬁ est
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respect to reference | ocatlon evi t he above 1’[lustration,
a positi ofiEact ¥Rn9e rayrbunsiiceddst 931@9 tEF(S’éQh e S‘Hfafcéc?c 6 qfirerneseyhect Qias mage as

Vi engd byrekigggl Magd tdy Biidie !zme ah#@Rrovgh déconaaémlamem@l@to #haddBlahé esent
|nvent|on By be transl ated 8% one or both th nd Y gxes such that

the i magel# t iRefles F}?@etrB}SI %?ﬁﬁééﬂeé”efjeﬂseﬁ TQE'SFS‘F?@F‘QEF HdMP9t"g Y"'agi ng
unit 102.102TEebeingvin sedoad posiioni20sredlthdagh eee @lﬁo\eremmplélmwetcndeﬂ btabed
nmeasur ed positjion,o tl on syst em
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i n phant omis.of cornercube 30 offset ali gnrrent tool 109 is located at a
position approxi mately m dway between first optical axis 114 and second
opti @8l axis 116. Ths flgstratedathe origimalidigplasement abbendieg t@é 104, shown as

offset position 222, is evidenced by the difference 224 in the measured location of
bonding tool 104 at second position 208 with respect to reference location 204. As
evidenced by the above illustration, a positional shift in assembly 109 does not affect
the reflected image as viewed by imaging unit 102. In other words, assembly 109 of
25 the present invention may be translated along one or both the X and Y axes such that
the image of the bonding tool 104 appears relatively stationary to imaging unit 102.
There will be some minimal degree of error, however, in the measured position of

bonding tool 104 due to distortion in the lens system (discussed in detail below).

Referring again to Fig. 2A, vertex 228 (shown in phantom) of cornercube
30 offset alignment tool 109 is located 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

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



a lower portion 235 of cornercube 106 may be renoved providing bottom
surface 288 134Fch may be substantially parallel to top surface 226.
Renoval of |ower portion 235 does not affect the reflection of image rays
since the image rays emanating from object 35 plane 112A do not i npinge
upon bottom surface 223. K&S-132SG -9-_§x_errpl ary cornercube 106 conprises
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 th tical ax nar urface 226,
frrst reflective suredbedForfifibaith i @bton e 1, PRl IE
rel ati ve durfiace 209, mxtdraserfa<2€62231rsacq1ctaﬁlecm/eamgfage 224, afid thcuteflé@iver el ati ve
to botto [ d tion
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and 236 r%’lr@ﬁ-‘ \ZéGIthSt tRflestivg suréacei 8amidl hane @t fiyat angle 36@ of aBoutrEpetativeel y.
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ine 225. In the exe

ort hogonal__to one anot her 29 ggjr TTE 5%

embodi ment23- pdkeWEs: s’tﬂ%éiﬁ%@% Qpmed SR dufsEsestign Prﬁ?ﬁcﬁﬁd gegghi r‘%{'eﬁﬂb‘i‘wtl ng
surface idurthesd mﬁand p2shead simbiar an@le@lzmew\zes refakiaé to top surfaek 2necagisary to
formtop rf ace so t hat t

ref ed r s are nor
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transmt amiazi an’e dmmgomy tbamle dhothermdorg tiddeline 2|zssdhfthmxérnajanof f set equal
to 1 ' [ e, in the
Vi si b? ngﬁfa%g%gc rrﬁér}]teléz?%d&gcpé zcr |y Gmht% E@ g\%?\gﬁ&a vel langt h
that exhiirase ifotesired. Hrehonld be apledc howevenathat itoa mheemswm forft &2A whi ch

cor ner cubg, 496 2b§ sb R4t t@.@tn%gge BRE refMBRY&T IRS aPEh6FhAFnéRtd. ARE GAH e COV ner cube
of fset alignnent tool 10 based on the desired wavelength o ht which

the tool SAFP§FoRREsL06 will "eé"réﬁtntﬂ‘ér’rﬁ?'%?’&d ghhaf tréB?’HtSr”E‘GS%OEBOQﬂ"F%H{O' ép gnnent

t ool 109 paylidieo (tadif wratadoffset Bqusllte 1aspr edet ermi ned range of i ght
wavel engt hs between the W (Inm to the near IR (3000nm. In a preferred
enbodsnment, the range m‘ﬁasmuml/emg)hrcanfbelljsgbtwm‘aygrhefoa;eb(embad i tmnhete\;\een

about i) 6\/ aﬁ@‘i’R ég%)ctpurpl ér%d) pr%?’ec;aglg%ggﬁ)q%rnavﬁ\@da w glgggfg}ﬁgﬁex’%’gg}s Y an

[llum natton may € use o
artifici ahtdrngh‘eflmmndmsemon tbﬂom9rlallfmnmml®5coemnqﬂbealg6 srfpbricatedit The ypi cal

optical ghagsial g@&%@@ i&‘be‘n@Q@‘co@ﬁ%e@éé &ffdeh %Pg tt ol P09 i Hased B the used to

fabricate cornercu I ndex o ractlon I'S base upon the

mat eri al €9%56@ wavglengdnofight W%Wiestg?ld'?‘l'”dla% hét |§|égnt‘|e§tplq§p@|t%ﬁtiqqgwercube
wavelgngt drfset engmﬁer&rftaadic@may bRGEPREREDE RAHdIER pRéAI&TRREd tle ckUQhbas an
| ndex of wgveeflernacfg%tlsI tc))entw%en tll':l)e tIJE/ (1nmj) to the near IR (3000nm). In a preferred
embodiment, the range of wavelength of light may be selected from between about i) 1
and 400 nm, ii) 630 and 690 nm, and iii) 750 and 3000 nm. Illumination may also be
provided by ambient light or by the use of an artificial light source (not shown). In one
25 exemplary embodiment, typical optical glass, having an index of refraction of 1.5 to
1.7, may be used to fabricate cornercube 106. Note, the index of refraction is based
upon the material chosen for maximum transmission at the desired operating
wavelength. In one embodiment, cornercube offset alignment tool 109 has an index of

refraction of about 1.517.

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

35 310 which travels along first optical axis 114 through first lens element 108; passes

through top surface 226 of cornercube 106; strikes first reflective surface 218 of



30 Fig. 3 is_ a_perspective view of inmage ray traces according to an
exenplarngﬁﬁa gﬁent of the present invention translated in a direction
perpendicular to the separation of |lens elenents 108, 110. The sane i mage
properties shown in Fig. 2A are also evident in Fig. 3. For exanple, the
reference position of bonding tool 104_H§_ represented by first position 302
and its image 304 is viewed as a first direct imge ray 35 310 which travels
along first optical axis 114 through first lens el enment 108; passes through
top surf of ~carnerc 06 i flrc tJ\ urf ace, 218 of
a5 132560 e et Lo SREICHRBu RrnBicle 86 1 5 Bauk BorefE o SR &2,

paral | el stokesogecend feflestivsurfacet 320k strikesdbind refidckive sunfaces2idf befere2@(tingt ri kes
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ol crrent TDEOUSMSSCPRhlges slemRi 118Enie Mage plae dd 255 AN EaGPeEHand Nipweragi ng
unit 302 g inkRphd LMD 1894t pbatbh 30A2IPoSItIERAIARSHIRRM N oPBHRUHIAG tdNQ043H4 1S

al so shovvr] |qmlf{|t{19_. 3 and |'s .gl I ustrgteg bg thfe pat h of tge ral?é races 314,
316 from?a'eee 9913 BRd Sodustrted ¥ it PREWRNEJaY Liasts 3B 318 THRD 4A- 4B are
per spect i seeord fosticle 306 exnsecone sEvdd pasition 3d8.an exenpl ary  enbodi ment of the
present invention illustrating |lens elenents 108, 110 and 10 cornercube 106.
The two | ens el enerkigs. 4284B bid)pérspe@¥e)andrsidevieives edspgctivelybbfas exéropained

above t heerﬁBSd?%gfgﬁtgé%?%%ﬁgrﬁlgﬂﬂoﬁ gﬁfsfraiiﬂg?énsdél%%_ﬁtgggfgr P gRyect pl ane

112A and 1 nage I'magl nary pl ane b s are preferred
basedOon carfericubes LQfer Toe twplans fleraenis i10Bed10 fer 205)pse prafer@blydaubligls 4A- 4B,

an exenpl gete@FBOGH fRNMorn@EulsOi 68 b&dda%nlQRirB&al IdtEScel bR Tobfdct bRinkaiabiave
surfaces, 218, 220 and wn 15 F e exterior edges of

k 221. As sho in Fig. 4B, th
| ens el endift Eagsglane bl 2t @nddmaginennelared tar égOL@&ﬁtﬁéfedBrﬁfequ bAs§AENanot her .
Fig. 5 ilﬂhuﬁ'tsbfﬂé@rﬁ dpftiealt @laticient Ai;ﬁl!dsyfaw‘Ads iarFri]@(elﬂQOBl,lr:éh @tdmﬂS ?rrveariﬁb?ﬁimtahe
i mage system of the esent inventjon. .As shown i i ns, el.ement s
108, 110 OlPEREReLqh T Ves Misipl Eertive Slpcss <18 2aRGBH 2231 A W,
cor nascubie FIQ)&1B; ubd extiesibr 2dgdsihnf I¢rel demabisi 108, Y 10fandlvermerakben6é/arei on syst em

i's maintajf N, f t focal Ilength 502 fromlens elenent 108 to
vertex 22 'ocﬁidecérﬁ%r%%géenof% "is equal to front focal length 502 fromlens

el ement 110 to vertgy %ﬁﬁ:s%te@é’c@@?@@%ﬁriégﬁof PLEAbER emB&OllﬂﬁwleP?g#‘%wfaegEa'

| ength 504 fromlens elenent 1 _ ect’ plane 112A'i s equa
focal | enifagesyatem 6frﬁhleé¥i§59é‘lté?f@ﬁf'o'l-lé\stsbo‘f"l’ra'gg'gpI5af?é‘sfieZ@"t250ﬁi 4106 is a
det ai | ed piogMtedd uARagXRAFNiAEALioRYINAGIE WPRINGOS rabtild® Qrfseibe 106¥6dH tHaB. Note
that internal ref I_e,ctlfon surface, 218 and ri dg,el ine 225 all oy an i mage
20 the telecentricity of the machine vision system is madintained. Note that front focal
length 502 from lens element 108 to vertex 228 of cornercube 106 is equal to front
focal length 502 from lens element 110 to vertex 228 of cornercube 106. Note also,
that back focal length 504 from lens element 108 to object plane 112A is equal to back

focal length 504 from lens element 110 to image plane 112B.

25 Fig. 6 is a detailed view of an exemplary cornercube 106 of the present
invention. Note that internal reflection surface, 218 and ridgeline 225 allow an image
of bonding tool 104 to be translated in the X and Y directions. Note also, that the
surfaces of cornercube 106 are preferably ground so that a reflected beam is parallel to

the incident beam to within 5 arc seconds.

30 As shown in Fig. 6, surfaces 220 and 221 are orthogonal to one another
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

35 mounting of cornercube 106.



of bonding tool 104 to be translated in the X and Y directions. Note al so,
that the itP22@s of cornercube 106 are preferably ground so that a
reflected beamis parallel to the incident beamto within 5 arc seconds. 30
As shown in Fig. 6, surfaces 220 and 221 are orthogonal to one anot her

al ong ridgeline 225. In addition, the | e between ridgeline 225 and
surface 218 is about 90. Furthernore, surface 218 and ridgeline form an
angle of 45 relative to top surface 226 and botton1surface 223 Not e al so,

t hat surfaces, 218,_.22 t tr ottom
surface 223, which Fr’t%ilO7l§‘é9€q5’(§grtaﬁen&§c‘?fﬁcfg{ 'é'tn]go q%rhlfg&"a cube 106.
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Vi si on syst is an overhead view of |ens e 110 and
cor ner cub®igivs 70&@%0&‘& /Phag@/ and 7g8 werresidnd thoBsitipog of irode ragtraged 708

corresgponsh d 91RQShdwPSFigf zAfmlg@tertﬁé’t SBRCEAs Bodtibh 728 Fok8dHINAs kA 9. 2A) .

Note that optic axis position 710 corresponds to the position where the
i mage of RRsHiAMyhergdhe inpagg thkandingntoe| 40 i%h%UPd: igrel )i Would bR cABRICUB®6 was

not tiltethealv@dbot theedZalBid she Fiagtls, 7B-7C are graphs of the effect of tilt
around the Z axis in terns of tilt in arc mnutes vs. error in mcrons.
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depi ct the X 15 and; saﬁﬁeﬁc |ITL}%§rB?é:EHeV§|’e36t o@ﬁﬁi a@BﬂpWegpgncﬁj?%'xf‘sté“f thé! t. Figs.

8B-8C are graphs of the effect of tilt around axes in terns of
tilt in a®PEMAIYMEHOR ysteipr dilg.i §f ﬁa(f‘r%t'oﬂai' g'dea@vsﬁf)wsemmérve'ma@@trabf tilt

around tiigceX 2%} 91563 54/D16! NATFi rsix lPRUL80PERd HONB@d BRAudeBo Yepikt he X1 9. 8C
shows the effect of tilt aroun BSQ axis versus error and inmage | ocation
|

al ond®t he?d K2xes: respeglively.andarsov 808 deiftsstillie vi ew of i mage ray traces
according to a thir e epbodi nen . nt,inyention. In Fig.
9, the reference po@?? egénggiar é@?&?ﬁgkqeo%f%ecgﬁﬁhﬂsarg% eaéaﬁggeafxle%& ed ray
whi ch tr ateems of titkrim Bire sinytesvs. ieoror i mi¢rons. 6ly. @Btshplartbe 2F@d oftiltcdroursd par t

of 1llustgated ol ang % aft Jio%é ioPRbhg $he %B(Fs §. 848 He'felfor 1) -
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as direct 1 nage ray rom I rSt posit I"ens
tilt around the Y aX|s versus error and image location anng the X axis.

20 Fig. 9 is a detailed side view of image ray traces according to a third
exemplary embodiment of the present invention. In Fig. 9, the reference position of
bonding tool 104 is shown as a reflected ray which travels from first position 914 (on
object plane 112A which is part of illustrated plane 112) along first optical axis 114
(shown in Fig. 1), as direct image ray bundle 922 from first position 914 through lens

25 element 902. Note that in this exemplary embodiment, lens element 902 has a
relatively planar, upper surface 904 and a convex lower surface 906. Direct image ray
bundle 922 continues along first optical axis 114 where it then passes through upper
surface 904 of lens element 902, and in turn through convex surface 906. Direct image
ray bundle 922 is then reflected onto total reflective surface 908. In a preferred

30 embodiment, total reflective surface 908 is a mirror. Next, direct image ray bundle 922
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

35 illustrated by the path of direct image ray bundles 918, 924 from second position 910

to second viewed position 916.



25 el enment 902 Note that in this exenplary enbodi nent, |ens el enent 902 has
a rel atl'?)géﬁﬂ %$‘énar upper surface 904 and a convex | ower surface 906.
Direct image ray bundle 922 continues along first optical axis 114 where it
t hen passes through upper surface 904 of lens elenent 902, and in turn

t hrough convex surface 906. Direct |magie2 ray bundle 922 is then reflected
onto total reflective surface 908. In a preferred 30 embodi ment, total
reflective surface 908 S a mrror. Next, direct inage ray bundl e 922

travel s back throu gox% Erre nt 902e s refl e% e% ina%ﬁ.ray bundl.ﬁ 920

al ong second opti car® B "AIEE A SB0KEN 'ﬁm?'l Y're YPNARA "SSPy BPARY 1128B.
It is reftbekit @ubvedeigen laaydletnoﬂtlhloe t92a(banditg pasitibet, dlod eabiugryitmgbn@ tnit 102
(shown i ; Lp.lkar FL £

bondi ng 1521EeH pE8ate AR uetr ek A s PREG, PO, AORIAGTTER KB oo,
of directY peosilien eugr isunidodused by cagitary ¥p Arae emvingalong iash 191D aSt'b'Ssecond

vi ened p%b&éﬂﬂn&ﬁﬁosﬂ@ﬁfoi%&%ﬁng e dbM& ¢ rfbttshgwﬂ?t ﬁ’ﬁ@héﬁbh@@@%ﬁf&ﬁ icQp@hryM r e

bondi ng machi nes, as a capillar tool is noved froman'id 05|t|ontoa
bondi ng FREHQQ)FP“t?ﬁé tE%lB?Y'F%YV '@ts(fé?mtséﬂéﬂ" wvsménﬁﬁlsgnva&eé@atd@wca%ﬂf. on

(illust rad.ﬁ@lm@gshagﬁtsladr%ohaefl Thesb4@nd 8)69i1h6h RoYs afd the ddihtioNs AP&id i on
error is introduced llar%@‘:[dltiﬁémo noving along arc 1414, as it is 5

br ought |9Hﬁalp?3§?f’?%'ﬁ°?69" CHRN&E A not shown). The hei ght at

whi ch |1 0. f
nd al S0 var | eb as oyt EolEaPo RS aR ARG b g ek R oAt

posi tib on BraOcsfxapitidrt h404vas tipitlHOG snaves ialmg thptd-axdb iman srahjl€astptldddit e t o

bond pl o Fig. the X
and Y pocBreatink biitiol i bpyfio %*%r FRESHAEARAIH'S 3EEBBNS | ohg  he
Z-axi s |neralapdam@ntmf1wea§efteinplrm@000n herewempiant eyq@@@umewmmndo@mcﬁq&ﬁg a

devi ce (ng} tmm%e%é&' BYOtHeOX 8hd @ eU7kiBh Yn tm.dmwthefcahhgrﬂ&i@@é

i nvention. The exenplary system measures and corrects for the error
i ntroduced %S?er?ﬂbp%”é?ftf aio'éﬁém"a% is- iRPSIRBlYpH emberiBrent eludepioptigdly tip

1400 5 at Qbiefneirﬁagerppmzy |ePBSs ai@a@d ubs (&r @Xingle 1DRS isuaklay illdsh@t&mpady ment
I ncl udes 15 s%/qst em | enses 110 and Lngl e

| ens, dfighoiralor @dsv#”?-?a i gl hinafan G PR IE. SEBEPe RS a06n | ng
il t f d be 106 I rrb di t,
opt ?’E’al”as%t e 140 LR SHEIRERY Shre VsRl 0 o A on
opti cs. Awaghibuatianmard lgigh magnlﬁcsngn mmt)csu sAs glesirt indfiedl4fetlesehl®ist i cal system
1402 and éﬁg%%%ﬁ%& 6 &‘cgrgys@erfizrfgﬁ gtc'oﬁ?érc@rfg X %g%&%qprst &ﬁﬂﬁl Q-,Q? i s

posi ti oned bet ween object plane cornercu l'ong 'a second
opti éal aldadl. 1408 lé\)ﬁds @nS't'h@edsWeﬁ@)PbJ@shP@he d%il 3 aad dorescubr0lO6rdlend Br st and

second optical axis 1403 and on the same horizontal axis as lens 110. The first and

second optical axis are substantially parallel, if not absolutely parallel, to one another.

The image of capillary tip 1400 is formed at image plane 1410 of optical

system 1402 using illumination system 1020 (such as a ring illuminator for example),

25 lenses 108 and 110, and cornercube 106. The image of capillary tip 1400, at each Z
height about the nominal, may be acquired and processed by vision system 1402 to
determine the X and Y position of capillary tool tip 1400 as it moves along arc 1414.
The error in bond placement due to the deviation in X and Y positions of capillary tip
1400, as it comes into contact with various devices at different Z heights while moving

30 along arc 1414, as illustrated in FIG. 14B, can be corrected by appropriate repositioning
of the X-Y table (not shown) for example, thus improving the accuracy of wire borders
for bonding very fine pitch devices. As shown in Fig. 14B, using the exemplary system,
the image of capillary tip 1400 may be tracked as capillary tip 1400 moves along the
arc 1414 from a starting position 1520 to a final position 1522.

35 Figs. 15A-15B illustrate another exemplary embodiment of the present

invention. Because variation in the optical axis angle is another contribution to error,
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and/or the position difference of capillary tip 1400 as it contacts various devices at
different heights.

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

35 other respects, such as the materials used, the method of reflection, etc., this

exemplary embodiment is similar to the first exemplary embodiment.
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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
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

25 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.

Figs. 12A-12F illustrate further embodiments of the present invention. In

these exemplary embodiments, a cornercube prism is used to improve the accuracy of
30 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.

Referring to Fig. 12A, the exemplary embodiment includes cornercube
prism 1014, lenses 1016, 1018, dark field illumination systems 1220, 1221 (which are
35 well known to those practicing the art) to illuminate the fiber cladding edge 1210, 1211
of fiber cores 1212, 1213, respectively (which in turn produces reflections 1224, 1225
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20 Next, and as shown in Fig. 12D, optical detector 1002 and downward
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
25 junction 1226 using conventional techniques, such as fusing the fibers together using

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

30 individual optical fibers 1208, etc. As in the previous exempiary embodiment, the use
of a cornercube offset alignment tool allows for the use of a single optical detector
instead of the conventional multiple detector systems. As the steps leading up to
alignment and coupling of optical fiber 1208 and sub-fiber 1202a, b, etc., are similar to

the above exemplary embodiment, they are not repeated here.



1014. F| 12C downward | ooki ng optical detector 1002 and downward 15
faci ng f| are then repositioned such that central ray 1229 of
downward | ook| ng optical detector 1002 is aligned with fiber centerline
1231 of upward facing fiber 1209. Once again, dark field illumnation
system 1221 is used to illum nate upwar % facing fiber 1209 for recognition
by the vision systemto ensure proper |gnrrent with optical detector 1002.
20 Next, and as shown in Fig. 12D, optlcal detector 1002 and downward
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(which in turn produces reflections 1224 to outline cladding edge 1210), and optical
20 detector 1002. In this exemplary embodiment, downward facing fiber 1208 is viewed
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
25 1002. As is further shown in Fig. 13A, downward facing fiber 1208 and optical detector
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

30 understood that optical centerline 1304, may not necessarily coincide with the physical
center of detector 1302, but rather is dependant on the layout of the particular detector
1302. In this case the determination of optical centerline 1304 may be accomplished

by the location of the center of the active sensing area of the detector.

Next, and as shown in Fig. 13C, optical detector 1002 and downward
35 facing fiber 1208 are again repositioned based on the offset 1027 determined during



the invention is not so limted. It is also contenplated that detector 1302
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t he conventional nultiple detector syst . Referring to Fig. 13A, the
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1002 are fset frﬁm one, a @ kfgrm’ ned di % i()t%. #n Fig.
13B, dowREFaPILEkR ATPSHt 1o %F”BE'E%%‘F PYIER 82 9 AL BT ?B”S'P Ei'md° i ber 1208
are then Irmnpsenstrteremed)tbercprnsmaltavucesntnaalberusyd,1Qa}ﬁcu>liarld@thmvaeﬂledtweIpirusgws

opti cal t I e e t or
1202 I t% & 0(]9998{ 39 g{b %e)té\%rj(i:tg é(::htgr(l)ﬁelrtl'lgﬁgé Pl%)bé & hé]éop o?l erllgﬁé éS;aI’I |y
coi ndf de rays.hin ﬁtechpmy@f@alratlmﬁtreﬂecwemensgbst@h aﬁ.:ﬁ)QOFHQUJUb?f arlﬁ@rmay; dependant

on the | aﬁﬁ'@Wﬂe%fbéahewﬂ%tén%%@nd@ft@@ﬁ@ﬁnsrﬁ%@gstahﬂaﬁyhba"‘faﬁé\stg dnB&nother;
determ nation of optical centerline 1304 be acconplished by the

y t
| ocat i on RWavRE 'Béﬁ'fté'r” @nfigyratiges now p§@‘|‘§| 'P@a”&?/gﬁaﬂlﬁ rayRdndebededred, Rﬁ‘it and
as shown dtAeFtypes dBfrisrAPhiagale wiatzegt or 1002 and downward 35 facing fi ber
1208 are again repositioned based on the of fset 1027 determ ned during
K&S- 132SG -17- t he pthatebshdineussetasbearedadctibed edipaetertaceRiogxeiiphary of f set
1027 .Ls i)l d.i.n F 0 faci flber 1208
and bt ectBHOUEEHE, aC apt fmred e TRAnEE T bop SRREURIAS FELARE ) 30
opti cal fqobelrruwmmawde@emee@taoianm emeodimentskafihe iimventibn gwhidh paayi e on

v ang) cOMfadk bp BbselRARBAUES art WP SobRihG HonPBIEE ol afif QEbfRor char | ®

exanpl e the present 1 nvention has” primari een illustrate

descri becPr\ﬂlFQfﬁ”P‘@é‘}S'éat to a cornercube device (e.g., a cornercube prisn it
is not limted thereto. Qther prismdevices nmay be’ used, particularly other
reflective prisnms. In certain configurations of the present invention, it

is desirable to have parallel inmage



10 rays. In such a configuration, a reflective prismsuch as a cornercube
pri sm nmayk&35189P@e a beam which enters and exits the prism substantially
parallel to one another; however, in certain configurations non-parall el
beans/i nage rays may be desired, and ot her types of prisns may be utilized.
Al t hough the invention has been describgd wth reference to exenplary 15
enbodi nents, it is not limted thereto. Rather, the appended cl ains should
be construed to include other variants and enbodi nents of the invention,
which may be made by those skilled in the art wi thout departing fromthe
true spirWhakisdladoege of the present invention. K&S-132SG -18- Wat is
Clained: 1 1. A systemfor determ ning wire bonding tool placenent for use

2 with a wire bonder and® &ystept foe determiyg wire bendingttaph RIBERMSNSifAgYSe3 a prism

di spoged Wigh aWitd Borfet ahdlani JpREN infiadr, (the sydtem dopiphongy:t ool ; and 4 at | east
one |l ens positioned between the prismand a | ower portion of the 5 wre

bondi mg t ool al ong apfismdispogéd balowatkie Dptitdl@mated &aBtheokiee bendingisblf Bed pri sm
defining 6 an object plane between the at | east one |l ens and the | ower
porti on of the w r eatdeastiong lens pasitignetilbetw¢er! Bagirisomend ernewdepartjopositie oned

b ical: ] 8 L h
D2 1eS0, e BhAGHD F5 ofdtf SRio BB IR En Lo AR AN B 1RO BRI eig 1 e
| east 6 onean ebjsctapiane hetwsgnithept jeaalgene lengand thehlowey poetinnodf the alire Honging ei n

the pgi S”i!o'ols tRe SPfeQ?E&Jréb@nPBbﬁnP‘posﬂc%n@d bl gﬁycﬁé %F”sn%farﬁi @u'e%p%:c!‘ﬂﬁ{a%'ep the at

| east one | éns I ncludes irst lens and a second |lens, the first |ens
bei ng pos@'?ﬁ‘%ﬂéﬂc%‘é‘t%%' PHe tﬁﬁ% rgaghane ges and th%ﬂéﬁmwf'f‘l’tﬂr\a'b\‘malg?ep'ﬁﬁ‘? e

bondi ng tealveah Bidatt IB8stfdneSknopld B opticabimddee. first lens and the 14 prism
defining the object plane, the second | ens being positioned between the

prismo 15 and the onti cafhd sggan ofikclairg 1t Wisergimabarizpt isGatoraicebe phsmsecond
lens and the prism 16 defining the image plane. 17 4. The systemof claim1l

wher gin the first Pf“ CaJrheaﬁ)s%erﬂ%?ﬁfanﬁ 1 v@@erﬁﬁ%@%t?@as& GRL |e?~?§ jiicldes

substantially para anot &m accord ?eo claim1l,
furtHher clmplensiang:a secend |enst thedyst leos belegmoelrﬁl@ee@bsmedhwprlﬁmmrtdq@ef irst

optiGal aglyar B&Quoﬂ%‘?‘fﬁ’%wﬁetd&%dﬁﬁl t%Sltal%gffh% fn@PS’pﬁ’ca@aﬁ@C%q‘ rBORhS 'aHH‘ the
ref erence dI spose In the second Ical axls and ove the i mage
pl and4 prism def|n|ng the object plane, the second lens being positioned between the prism

15 and the optical imager along the second optical axis, the second lens and the prism

16 defining the image plane.

17 4, The system of claim 1 wherein the first optical axis and the

18 second optical axis are substantially parallel to one another.
1 5. The system according to claim 1, further comprising:

2 a first position reference disposed within the first optical axis and above

3 the object plane; and

4 a second position reference disposed within the second optical axis and

5 above the image plane.

1 6. The system according to claim 5, wherein the first position

2 reference and the second position reference are respective reticules, and an image of
3 the first reticule is superimposed on an image of the second reticule and provided to
4

the optical imager.

1 7. The system according to claim 6, further comprising a processor in
2 communication with the optical imager for determining at least one of an X-axis

3 difference or a Y-axis difference between the first and second reticules.



1 6. The systemaccording to claim5, wherein the first position 2 reference
and the 'HE’]Z%%Si tion reference are respective reticules, and an i mage of
3 the first reticule is superinposed on an image of the second reticul e and
provided to 4 the optical imager. 1 7. The system according to claim®6,
further conprising a processor in 2 cojgunication wth the optical inmager
for determning at | east one of an X-axis 3 difference or a Y-axis

di fference between the first and second reticules. K&S-132SG -19- 1 8. The
system according to claim1, further conprising an illum nator 2 disposed
bet wekn the obj ect $l aneTherystame areprding 3o ctai®nl, dertherccoprisinsoaililwgrinaier . 1
9. The syfist@ee@idtnnbe bBjcet dlame bndWhe il pttidM B tHRaGhird BEERn® o, 2
position of at least a tip of the wire bonding tool is provided via the at
| east one lens 3 and the prismto the optjcal,_ i er as the w re bonding
tool #s noved al ongg'a 4ﬁl?o§'Pmiaﬁ?qr€'”9éBFIaé’3I1'aYg1a ein anjigdireqtdmage Ok of
clai nel, pdstroniof at heasab tipasfthe i ba@misngotooV isdasvided Ziapdheratliedsy oaé lens

magni fi cation | evel f an i . . .Th A of claiml, wherein the
opt1 chi ©anile A B oPfleq ThGer do de wiF Rl S0 e BBl 41 °05 . "
met hodl f csubswppieihgverticéleds. one of an X-axis or Y-axis position 2 of a
capillary tool tip, the nethod conprising: 3 receiving, at an optical

i mageg, a first |mage ofridigseaRiof LA 1l Wherdih Bndibt Rasthrld I pebvteb's
position; 5 receiving, at the optical inmager, a second I nmage of the

capi | Bar yPlueHiFy of pagmfigation leeelprbiazima®9® position; and 7 deternmining at

| east one of (1) an X-axis position difference or (2) a Y- 8 axis position
diffefence of the cenil |\ie/sylstth of clirh NQMheRsn the spticat AnagerPOSichinera b the 9
secong Z- axi Sti 0Si titonhcge%i ng the received first inmage and the received
second i bRt SNV LS tOhod of claim 12 wherein the deternining step
includes 2 determning the X-axis position difference and the Y-axis

posi tion differencel2.3 1M meThed fretrhapping atleastroneXf ashéfaaisror (Yiaxis Ipesisibep of
receiyin | [ i .ving, at the optical inmger, the
fi rstyi rrg%fga%{ '%ﬁl’y f()f\bé:t'?ggfe I:‘%g*gogd@%pd;ro\?/rlflglded via a cornercube offset tool,
and (2) the step of receiving a second inmage 6 includes receiving, at the
optical imager, theesei¥ipgdat angetieadl imagrmearirstimagedf thereapillary t%'gtﬂﬁe"ﬁ vi a
t he cer nefictibandf psxfiont 00! .

5 receiving, at the optical imager, a second image of the capillary tool tip

6 at a second Z-axis position; and

7 determining at least one of (1) an X-axis position difference or (2) a Y-
8 axis position difference of the capillary tool tip from the first Z-axis position to the

9 second Z-axis position using the received first image and the received second image.

1 13. The method of claim 12 wherein the determining step includes

2 determining the X-axis position difference and the Y-axis position difference.

14. The method of claim 12, wherein (1) the step of receiving a first
image includes receiving, at the optical imager, the first image as an indirect image
provided via a cornercube offset tool, and (2) the step of receiving a second image

includes receiving, at the optical imager, the second image as another indirect image

~N N AW

provided via the cornercube offset tool.

1 15. The method of claim 12, further comprising correcting for at least

2 one of the X-axis position difference or the Y-axis position difference.



1 15. The nethod of claim 12, further conprising correcting for at |least 2
one of tH&X1A%PGE position dlfference or the Y-axis position difference.

K&S- 132SG -20- 1 16. A nethod of neasuring an error introduced as a result
of a 2 variation of an angle of an optical systemhaving a prismfor use
with a wire bonding 3 machine, the nethod conprising: 4 determning a first
crosshair position on a first reticule O sposed at an 5 object plane of the
optical system 6 determining a second crosshair position on a second
reticule at an inage 7 plane of the optical system and 8 determ ning a
vari ati on between tie f ik stethocdefsmaasuringsin ¢éroer intrdduded ask ssolired acr osshai r
POST L3 0N | fiafBASHA ahbfe flahUptich shlrerfnIRnB A rASIE T e bHdE 2N

opti cal er, a position erro a wre bonding tool as it noves al ong
a Z-aXi s,m@ ”?rébﬁ@tﬁtb%ﬁ?mef'ﬁ@g 3 recel ving a first image of at |east a
portion of the wire bonding tool ina 4 first Z-axis position at the

optical imager; 5 Rfé@é/ﬂnﬂhmg d fiet Eiors§l’4a|i E@g@oﬁ &n @ fREIeBsNe dispBséLE€aYi Ng a
second i e of east a portlon of wire bonding tool in 7 a second

Z-axi$ p ?ﬁtcﬁ’r'?rkft°fttﬁ%°85?al'éé? ®™ager; 8 providing the second inage to the
processor; and 9 determning the position error between the first and second

positgons. 10 18. dﬁﬂamﬁﬁmlgcn:lsembnctlcedsshéijthm eh a detgnd Feeicaleeqt anfintageei vi ng

a fir e |ncI eiving the first image as an indirect imge via a
corne?cuﬂ%a%g fﬂ' Fggﬁyg%%1 the step of receiving a second inage

i ncl udes rece|V|ng t he second imge as another indirect inmage via the
cor neBcube of fset tdssermining a variation between the first crosshair position and the

9 second crosshair position to measure the error.

1 17. A method for determining, using an optical imager, a position

2 error of a wire bonding tool as it moves along a Z-axis, the method comprising:

3 receiving a first image of at least a portion of the wire bonding tool in a

4 first Z-axis position at the optical imager;
5 providing the first image to a processor;

6 receiving a second image of at least a portion of the wire bonding tool in

7 a second Z-axis position at the optical imager;

8 providing the second image to the processor; and
9 determining the position error between the first and second positions.
10 18. The method of claim 18, wherein (1) the step of receiving a first

image includes receiving the first image as an indirect image via a cornercube offset
tool, and (2) the step of receiving a second image includes receiving the second image

as another indirect image via the cornercube offset tool.



