-1- METHOD AND APPARATUS FOR MAPPI NG A PCSI TION OF A CAPI LLARY TOOL TIP
USING A PRI SM This application clains the benefit of priority to U S
Provi si onal -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 continuation-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

6,729,530 on May 4, v8bp MbAPPARARUS FBRI MABIINGNs PASPRON @ U.S. Patent
Application No. 09/912,024 filed on I i ssued as Pat ent

Ju 24, 2001
6,412,683 on July 2, 2002.A CﬁP%ﬁO@Hﬁﬁ’ NYEXFARRIPM s i nvention rel ates

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
the use of a prismsuch as a cornercube prismto account for the error in

bond pl acement due s sfRicagar abingthelbepeft b ibrlt® t8 U.S Pratidiofapmsédt ons) of

the capi)Jlary. togl ti i tferent hei_gh BACK ND THE | NVENTI ON
15 The T dAtEdaoabeRr et gabohizl ootunead; 200 ingSoMARg PRrBh TS cui ¢

chi ps, tiygorpedatad ntthls apeticatidngmmidrehds pPHiit izpplicatioh i€ a dentimeatiah-iMararous
phases of brication ro C | i gpme i ection _pr.ocedures

of ten ut iqfitng' %ﬁa%?%ﬁp%%?%%@%f&?ﬁgég’ Elregco gﬁi"ﬁglt%);gﬁ gr’?@'c(he'?gaP é,mg'f?g?lems
that taptafibSi Patgeshpalicgtion Ke. 10/a31,893d filedereAprdBp 2002, issuguers katenti mage
anal ysi $)g, 590 3sh R idiea T ARSs] GRICHAR oERANNAGidrOl- G LE L. A ApERonaNd/ or
al i gnment ‘of “‘Conponerit s’ ‘and’ bondi hg W res. 1n conventional systens, post
attach i MpedyPbh024 filedeah Iudy dét 2001, irsuid as Patany 6412263 hbn Deldtd, @@0Aachi ne
position are appropriate to effect proper E)II acenent and/or attachnent of
bondi ng wires. As such, these dcOFNRAFITORANVENIIRME typically conpensate for

m sal i gnment after such inproper attachnent is nmade, thereby 25 negatively
ef fecting yiel d andihiyaptigiutelater gererabnienimesied a8y spraatysdee Me@RINGi onal

dr awhack spdsitidna af atcEQMa?@pUﬂﬁhbmgtaopr%ﬁﬁ’.i Mbr@@@@?ﬂ’lt%ﬁ%_ethfaq{reééw&iirﬁlehﬂw in
bond pl aclerrent ue to.devjation in the X and Y position of the bonding tool
capi | | ar Yot tostheuse of gerrisphsuchass ciperstbe PR QAFFontias e $EdRad,
further ibgwiciladegnaht\dueeo Yheteviatich innggaionv@lgl, Xrapdot pagtisranef @ef uri ng tinme.

ggo\?wne ty&%“%fry go%w"e)réttld%pea}gntvi ﬁéi%[;ntgystem is illustrated in Fig. 11. As

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 conventicnal s'ystems 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



in Fig. 11, this conventional systemconsists of two i mage devices, a first

I mging -2- device 1104 pl aced bel ow wor kpi ece plane 1112 and upwardly

vi ewi ng objects and a second imagi ng device 1102 pl aced above workpi ece

pl ane 1112 and downwardly view ng objects. These conventional systens have

drawbacks in that in addition to wutilizi.ng nore than one inage device, they
are unable to easily conpensate for 5 variations in the systemdue to

t hermal changes, for exanple. Further, the error in bond placenment due to
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at least one lens and the prism define an image plane between the at least one lens

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 ;rosshair position on a second reticule at an image plane of the



provi ded. The nethod includes determning a first crosshair position on a
first reticule disposed at an object plane of the optical system The

met hod al so includes determ ning a second crosshair position on a second
reticule at an inage plane of the -3- optical system The nethod al so
includes determning a variation betweeg.the first crosshair position and
the second crosshair position to neasure the error. According to yet another
exenpl ary enbodi nent of the present invention, a nmethod for deternining,
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20 reduceg f?or clarity. Included in the drawings are the foll ow ng Figures:
Fig. 1 is a per spectl ve view of an exenplary enbodi nent of the present
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exenpl ary enbodi nrent of the present invention; Figs. 4A and 4B are
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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;



30 exenpl ary enbodi nent of the present invention; Fig. 5 illustrates the
tel ecentricity of an exenplary enbodi nent of the present invention; -4-
Fig. 6 is a detailed view of an exenplary retroreflective cornercube offset
tool according to the present invention; Figs. 7A-7C illustrate the effect
of tilt about the vertex of the cornercyghe prismof the exenplary vision
system 5 Figs. 8A-8C illustrate the effect of tilt about the X and Y axis
of the exenplary vision system Fig. 9 is a side view of inmage ray traces

according to a thir - [ (T0) el i I DR F1 9S.
10A- 10D are vari ous%?éﬁs@%?(ggedf \?g? ?:ﬁ aexerrpnfbéarryh%ﬁ@%ﬁ?ﬁewﬁtdog%(&%%@?ﬁséﬁ
present itAYATEPIEMI tRjthe praseng invegtianon system according to the prior art:
Fig. 12A-12F are illustrations of a fifth exenplary enbodi ment of the
present invention; AGsgIdA-1QAusaateshe affget ef st gg@%st Bivedex pithe coxesrpyke v

embodi mendisaf of the exdmpRIre RN dya¥gRtion; Fig. 14Aillustrates a portion of
an exenpl ary apparatus for mapping the X and Y position of a capillary tip

as itsnoves al ong tpyges, 8A28¢ Riuskrbe thhddrett bUdt BBSANAX APP8xiglof @nd ravel path
of the ca |IIarr¥ tip, at exenplary Z heights about a nom nal position; 20

Fig. 15A PEMRATY MY SYSHPti on of an exenplary apparatus for deternining
the variation int di spl acenent position of the optical axis by using two
crosshairs; and Fn’gg A B@ $ife yiew of 18195 rau ErEs ??FB&E“%FO ?H@r‘# ﬁi‘efrF%JPryand
final posémbadwaent oftthe préseht tivertBorgs neasured by the systemerror in bond
pl acement. 25 DETAI LED DESCRI PTI ON The entire disclosure of U S. Patent
Application No. 10/Fgs8,183510D0 bedvarivus Jiaves & a DUGH exechplar$ erRatlanént of

Appl i,cati 024 filed on July 24, 2001 are expressly
incorlgor a@gﬁ%‘?n?e\’gﬁ%ﬂc‘e herein, as if set forth in full. -5-

Fig. 11 is a vision system according to the prior art;

Fig. 12A-12F are illustrations of a fifth exemplary embediment 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.



An object of the present invention is to neasure and correct for the error

I ntroduced by the X and Y deviation in the position of the capillary tip at
different Z positions. According to certain exenplary enbodi nents, the
present invention 5 relates to a nethod and apparatus for mapping the X and
Y position of the capillary tool tip ag.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
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optical <X h&ight about the nominal, is acquired and processed by the vision 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 ancther 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 displacément 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.



and another reticule is positioned at the object plane and is imged at the
I mged 35 plane via the cornercube offset tool. -6- Referring to Fig. 1, a
perspective view of an exenpl ary enbodi nent of the present invention is
shown. The systemis included in wire bondi ng nmachine 100, and enploys a
cornercube 106 (i.e., a cornercube prisgm106), having a plurality of
internal reflection surfaces (best shown in Fig. 6), |ocated at or bel ow
obj ect plane 5 112A of bonding tool 104 (object plane 112A, shown in Fig.
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bi -cell deiRaliQion AithJeHere: thleraeéi?ec?ﬁﬁém‘:lﬁé Wa%@%’ﬂhﬁent the focal point of

the vision system (coincident wth imaginary plane 211 shown in Fig. 2A) is

| ocat ed above bOttQﬁBtﬁ:HfJn@é@‘hwdq a.%albﬁmwﬂ asra ECl imader @fmo@rrﬁwe%bs 106. In

addition, the exenplar ment i ncludes two era identical |ens
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plane 112B, shown in Fig. 2A, is part of plane 112 iliustrated in Fig. 1). In another

20 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 tool 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 detéctor, 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 comercube 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
fo as assembly 109, cornercube offset tool 109, and/or cornercube offset alignment tool

35 109.



i ncludes a single lens elenent 205 | ocated bel ow plane 112 and in line with
optical axes 114, 116 (shown in Fig. 1). Hereinafter, the conbination of
cornercube 106 (i.e., a cornercube prism, and lens elenents 108, 110 (or

| ens el ement 205) will be referred to as assenbly 109, cornercube offset
tool 109, and/or cornercube offset alignnent tool 35 109. -7- The inmage

pl ane of cornercube offset tool 109, ingluding |lens elenents 108, 110, is
coincident with the object plane 112B of optical imaging unit 102. In other
wor ds, the image plane of cornercube 106 and | ens elenents 108, 110 are
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(not showmmumity of the resultant image due to positional changes. The same distance also

20 separates the image points because lens elements 108, 110 serve as unitary
magnification relays. Fig. 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 reflection 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



this figure). The reference position of bonding tool 104 is shown as a
reflected ray 30 which travels fromfirst. position 202 along first optical
axis 114 (shown in Fig. 1), as direct inmage ray bundle 210 fromfirst
position 202 through first lens elenment 108. Direct inmage ray bundle 210
continues along first optical axis 114.ghere 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
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travel s tﬂﬁ?i@ﬁﬁ@ct&%rﬁb"ﬂﬁl?&ﬁ\t&%‘él Raffle@@&mﬁfrﬁd&%ﬂ%eﬁssh%@nﬁﬁfﬁ@Cét)e(Ne'xErﬁge ray
bundl e 216 and throu second lens elenment 110 to imge plane "11

Ref | ect eodlr%@“eageasﬁ lea2 A travels fhreughy t%s%farcéﬂ?écqféameﬁﬁ{j@ 13p ‘"T'Smagl ng
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evi dencedatiy. t he above illustration, a positional shift in assenbly 109 does
not affect
20 As illustrated, the original displacement of bonding tool 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 aséembly 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 too! 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.



the reflected i mage as viewed by imaging unit 102. In other words, assenbly
109 of 25 the present invention may be transl ated al ong one or both the X
and Y axes such that the inmage of the bonding tool 104 appears relatively
stationary to imaging unit 102. There will be sone m ninal degree of error,
however, in the neasured position of begnding tool 104 due to distortion in
the Il ens system (discussed in detail below). Referring again to Fig. 2A
vertex 228 (shown in phantom of cornercube 30 offset alignment tool 109 is
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the image,aa0kin6f ftlsg@pﬁ(ﬁ drfYifsefEGuaqh Bl t hereto. As such, cornercube 106
wil | redlrect t e Incident [ight or transmt inmge of bond| ng tool 104

paraliel to itself yd ;B}eééhtqme"rﬁionec%%ie Gs‘éd%ﬂ'n lagilh"_t EUI‘%XQIH‘I Feerﬁ tHé\MﬁBFe' on can
be used with light, for he visible R spectrum and
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to haz’dd' eof?se? ﬁéiner%gntr@ogiefbd %gg%eq‘fabnc e& to handle a predetermined range of light

wavelengths between the UV (1nm) 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 g'!ass, 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 perpéndicular
to the separation of lens elements 108, 110. The same image properties shown in Fig.
2A are aiso evident in Fig. 3. For example, the reference position of bonding too! 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



wavel engt hs between the UV (1nm) to the near IR (3000nm. In a preferred
enbodi nent, the range of wavel ength of light may be sel ected from between
about i) 1 and 400 nm ii) 630 and 690 nm and iii) 750 and 3000 nm

[I'lum nation may al so be provided by anbient |ight or by the use of an
artificial light source (not shown). Lnopgone 25 exenplary enbodi ment, 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 wupon the
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cor ner cube 10 g%?tgd on their focal distance from object plane 112A and

i mage pl RECE rﬂTelar?B fary plane 211. Doublets are preferred based on
their superior opti ual i ti é_ strated in Fi
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20 the telecentricity of the machine vision system is maintained. 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 sutface 223. Note also, that surfaces, 218, 220, and 221 meet
to form triangular shaped bottom surface 223, which may be used to facilitate

33 mounting of cornercube 106.



Fig. Sillustrates the telecentricity of an exenplary enbodi nent of the

| mge system of the present invention. As shown in Fig. 5, lens elenents
108, 110 produce a unitary magnification and are arranged relative to
cornercube 106 such that 20 the telecentricity of the machine vision system
I's maintained. Note that front focal JIgngth 502 fromlens elenent 108 to
vertex 228 of cornercube 106 is equal to front focal length 502 fromlens
el ement 110 to vertex 228 of cornercube 106. Note al so, that back focal
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relative to top surface 226 and bottom surface 223. Note al so, that
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terms of tilt in arc mnutes vs. error in mcrons. Fig. 7B shows the effect

t
of tilPt afWhn@xehdespestivaly, ang areqvw 886 depigks Whd i mage 1 ocation along the Y

axis. Fig. 7C shows_the effect of tilt around_ the Zl?j{fé'!l S versus error and
i mage | ocation al ong9t-HRE-XCRG grarhp §5 thegeffect of Filt arpyng e and i @€t b ti | t
about t heteXmad tiX iRvarS mdfutedes. @R P hatryny.l FigoBBBhSWE the Effgst oB At SFrodid

addi ti Ona}:hes)& g)%s\\//ie%\ﬁvs %ﬁroggggpr{1ggrg,oi<:ar@ eal%ﬁg the Y axis. Fig. 8C shows the effect of
tilt around the Y axis versus error and image location along 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 aptical 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 ilustrated by the path of direct image ray bundles 918, 924 from second position 910
to second viewed position 916.



traces 210, 212, 214, 216. In Fig. 8A, arrow 804 and dot 802 are used to
depict the X 15 and Y axes, respectively, and arrow 806 depicts tilt. Figs.
8B-8C are graphs of the effect of tilt around the X and Y axes in terns of
tilt inarc mnutes vs. error in mcrons. Fig. 8B shows the effect of tilt
around the X axis versus error and iogge | ocation along the Y axis. Fig. 8C
shows the effect of tilt around the Y axis versus error and inmage | ocation
along the X axis. 20 Fig. 9 is a detailed side view of inmge ray traces
according to a thi nalseéw In Fig.
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20 1401. Lens 108 is positioned between object plane 1412 and cornercube 106 along a
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 parailel, 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,



10 1400 of capillary 1404 as tip 1400 noves along the Z-axis in an arc 1414
as tip 1400 is noved into position for bonding a device (not shown)
according to an exenplary enbodi ment of the present invention. The

exenpl ary system neasures and corrects for the error introduced by the X
and Y deviation in the position of thejigapillary tip 1400 at different
positions along the Z-axis. Desirably, the enbodi nent includes optical 15
system i mager 1402, |enses 110 and 108 (or a single |lens, such as
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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,
102271024, 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
carnercube flens 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 exempiary embodiment.



106 and | enses 108 and 110 to determine the variation in the angle of the
optical axis by superinposing two crosshairs 1502, 1504 (di sposed within
reticules 1501, 1503, respectively) over one another. Fig. 15B illustrates
t he di splacenent error between positions 1512 and 10 1514 of position

I ndi cators 1501 and 1503 as vi ewed by -quti cal system 1402. Thus, error

I ntroduced as a result of the variation of the angle of optical system 1402
can be neasured by determning the variation in the position of two
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20  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
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 exempiary 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



accommodat es various die sizes which these types of equi pnment accept and
place. In this exenplary enbodi nent, down | ooking optical detector 1002,
such as a canera, (e.g., a substrate canera) views features on the downward
side of the conponent to be 5 placed, such as die, 1008, 1010, or 1012.
These features of die 1008, 1010, 1012,ijsxcan then be identified via a vision
system (not shown) to accurately place the die on the substrate (not shown)
usi ng pick tool 1004 based in part on the predeterm ned distance 1006
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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 exemplary embodiment, the use
of a cornercube offset alignment tool allows for the use of a single optical detector
instead of the conventional muitiple 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.



35 well known to those practicing the art) to illumnate the fiber cladding
edge 1210, 1211 of fiber cores 1212, 1213, respectively (which in turn
produces reflections 1224, 1225 - 15 to outline cl addi ng edges 1210, 1211),
and optical detector 1002. In this exenplary enbodinent, downward facing
fiber 1208 is viewed by downward | ooking optical detector 1002, such as a
-canmera (i.e., a substrate canera). Downward | ooking optical detector 1002
detects the em ssion of light 1222 fromfiber core 1212 and is then be 5
able to deternine ieeRRORRE <Y sQiSfﬂ% biseiafed GhiARRTGIE RBLRIE he DIRSLS is
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Fig. 12Bis pl an vi ew of the exenp iment illustrated in Fig. 12A
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1208, et CcLO1AS IdnBed bmame\zspu@rkerwmhaﬁyatwmatememzzo i(RicH S€well known to
those practicing the art) to illuminate the fiber cladding edge 1210 of fiber core 1212
(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, It is

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



of a cornercube offset alignment tool allows for the use of a single optical
detector instead of the conventional nultiple detector systens. As the
steps leading up to alignnment and coupling of optical fiber 1208 and
sub-fiber 1202a, b, etc., are simlar to the above exenplary enbodi nent,
they are not repeated here. - 16 Once the first sub-fiber is aligned with
single fiber 1208, the process is repqated for a further sub-fiber, such as
1202b, and another single fiber (not shown). O course the exenplary
enbodinent is not limted to the fiber optic bundle of a fiber optic
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optical detector 1002 is aligned with optical centerline 1304 of detector
1302. It is 30 understood that optical centerline 1304, may not necessarily
coincide with the physical center ofigetector 1302, but rather is dependant
on the layout of the particular detector 1302. In this case the
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Iocati%rfil of fﬁ?e ci:,enter of the active sensing area of the detector. Next, and
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2. The system of claim 1 wherein the prism is a cornercube prism.

3. The system of claim 1 wherein the at least one lens includes a first lens and a second lens,
the first lens being positioned between the prism and the lower portion of the wire bonding tool

along the first optical axis, the first lens and the prism defining the object plane, the second lens

being positioned between the prism and the optical imager along the second optical axis, the

second lens and the prism defining the image plane.

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

substantially parallel to one another.

5. The system according to claim 1, further comprising:

a first position reference disposed within the first optical axis and above the object
plane; and ,

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

image plane.



bondi ng tool along a first optical axis, the at |east one |l ens and the prism
defining an object plane between the at |east one |lens and the | ower
portion of the wire bonding tool, theqt |east one |ens being positioned
between the prismand the optical imager along a second optical axis, the
at | east one lens and the prismdefining an i nage pl ane between the at | east

one lens a the optical i er, wherein.the optical imager,is configured
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pl ane., 4. Th F%és?tem of &Iai 1 wherein the first optical axis and the

second eI aad sgeond gefisesnt i al |y paral lel to one another. 5. The
system according to claiml1, further conprising: a first position reference

di sposed within the first optical axis and above the object plane; and a
second8.posilhe gystane hemediog talclaino $ chiirthert domprishig apaomdhaoptdispabedbetweamrttie above

the i e plane, -19- 6. The stemaccording to claim5, wherein the first
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reticules, and an image of the first reticule is superinposed on an inage
of the second reticule and provided to the optical inmager. 7. The system
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object p ower port of the wre nding tool. 9. The system
according to claiml1l, wherein an indirect inmage of a position of at |east a

tip of the wire bonding.topl js, provided via the at |east gne | ens and the
prism {Q) t hBe Sppiane af g@%ée\"ﬁﬂra’él that lest enfblsﬁﬂPwdlqeéa|p1m§hwrﬁ%@aﬁgaaf§ﬁtj%
subst a2kt ¥ 2 gIe_i cal axis.

11.  The system of claim 1, wherein the optical imager is a camera or a position sensitive

detector.

12.  The system of claim 1 wherein the indirect images correspond to a plurality of positions

of a tip of the wire bonding tool along a vertical axis.

13.  The system of claim 1 wherein the indirect images correspond to a plurality of positions

of a tip of the wire bonding tool along a Z axis.

14.  The system of claim 1 wherein the indirect images correspond to a plurality of positions

of a tip of the wire bonding tool along an arc-shaped vertical axis.

15.  The system of claim 1 wherein the prism includes a plurality of reflective surfaces such
that the prism is configured to (1) receive images of a tip of the wire bonding tool, and (2)

transmit the images of the tip of the wire bonding tool to the optical imager.



10. The systemof claim 1, wherein the at | east one | ens provides a
plurality of magnification |evels of an image. 11. The systemof claiml1,
wherein the optical imager is a canerg;or a position sensitive detector.
12. The systemof claim 1l wherein the i1ndirect inages correspond to a
plurality of positions of a tip of the wire bonding tool along a vertical
axis. 13. The systemof claim 1 wherein the indirect inmges correspond to a
plurality of positions of a tip of the wire bonding tool along a Z axis.
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X-axis position error of the wire bonding tool or the Y-axis position error of the wire bonding

tool.



