METHODS AND SYSTEMS FOR ALIGNING TOOLING ELEMENTS OF ULTRASONIC BONDING
SYSTEMS CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims the
benefit of U. SW@rov%/lgﬁ(gﬁAppllcatlon No. 61/428,047 filed on Decemb 6’1%’ 58 content of
which is incorporated herein by reference. FIELD OF THE INVENTION [0002]The present invention
relates to ultrasonic bonding systems, and more particularly, to methods of aligning tooling elements of
such systems. BACKGROUND OF THE INVENTION [0003]In the processing and packaging of
semiconductor devices, ultrasonic bonding (e.g., wire bonding, ribbon bonding etc.) continues to be a

widely used methocm;ﬁ,;gﬂglmslggggg“gtgg&g&g%&e}w t]a_gg q.&lp&?tlons within a
package (e.g., between a die pad oa1SEARGNTEUSEN SR 8Eva frame). For example,

wire bonding machines are used to form wire interconnections betvveen respectlve locations to be

electrically interconnected. In cectaisexarpRidCHtrasanicrbonding sysiems, an upper terminal end of a
bonding tool is engaged in an ultrasonic transducer. The transducer vibrates the bonding tool resulting
in bond formatiofobetiveen ahpostipicaf dhe wnie tandadaonting locations(emgijcatbamd.pad, a lead of a

leadframe, etC-)61/428,047 fited on December 29, 2010, the content of which is incorporated herein by

reference.
FIELD OF THE INVENTION

[0002] The present invention relates to ultrasonic bonding systems, and
more particularly, to methods of aligning tooling elements of such systems.

BACKGROUND OF THE INVENTION

{0003] In the processing and packaging of semiconductor devices,
ultrasonic bonding {e.g., wire bonding, ribbon bonding, etc.) continues to be a
widely used method of providing electrical interconnection between two or
more locations within a package (e.qg., between a die pad of a semiconductor
die and a lead of a leadframe). For example, wire bonding machines are used
to form wire interconnections between respective locations to be electrically
interconnected. In certain exampie ultrasonic bonding systems, an upper
terminal end of a bonding tool is engaged in an ultrasonic transducer. The
transducer vibrates the bonding tool resulting in bond formation between a
portion of the wire and a bonding location (e.qg., a bond pad, a lead of 2
!eadframa, atc.).

[0004] During a wire or ribbon bonding operation the workpiece (e.g., a
leadframe strip including a plurality of semiconductor die) is supported by a
support structure (e.qg., a support anvil, a heat block, etc.). The workpiece is
indexed using a material handling system to position a portion of the workpiece
(e.g., a column of semiconductor die} over the support structure. The
workpiece is typically secured between the support structure and a clamping
structure. In a specific example, the support structure raises the relevant
portion of the workpiece above rails of the material handling system, and the
clamping structure is lowered to secure the workpiece against the support



[0004]During a wire or ribbon bonding operation the workpiece (e.g., a leadframe strip including a
plurality of semiconductor die) is supported by a support structure (e.g., a support anvil, a heat block,
etc.). The workpiece is indexed using a material handling system to position a portion of the workpiece
(e.g., a column of semiconductor die) over the support structure. The workpiece is typically secured
between the support structure and a clamping stru@ure. In a specific example, the support structure
raises the relevant portion of the workpiece above rails of the material handling system, and the

clamping structyre is lowered to secure the jece ﬁggin urd e TUEH S a
clamping S?Fﬂgé%r%ay\%r%c%dg a%‘pF) ﬁrﬁé o#%:ﬁ)gém‘ep!'ﬁ-r%g mgeriﬁgprgg%ﬂ%[ﬁ?n%rva{r%us portio?s%# the
workpiece f[0Q88]|fés inopteetinghea tessspbiersraftiive arreRiggsing structure be properly

positioned during bonding. The process of properly positioning the support structure and clamping

structure cEAGRBdifficult Hni$ tiMELBASEHIT, ERPSYRRPT SHpHEatisngNthERMRIRGISEREHYRg
fingers arejachided iy, the SlasRRIAG SHine WBnAMgXeTHIaHY siveBtigRabrieihpdsislhgninghthese

structures includes use of mechanical dies/gauges specific t%th gyc(gf %iece. Such dies/gauges tend to

be expensiFeRBAHaatTACTHFE, 2 SRIMRAINECSTS Y By 638N ?e% Ay LM S A8 SRSty pe of

workpiece.J0906HIRusH itaypitherdesiable tenprapidedrapipiesl Sysferssaadimstitzds forligning
tooling elements of ultrasonic bond}g sgstemqi. SUMMARYt.OF ‘II'HE %I}IIVENT#OI}I Oorg)?],%ﬁggéding to
an aspect GIAFPHEs S 0B ion, fiSPRprY conventional metnod ot aligning

structures includes use of mechanical dies/gauges specific to the workpiece.
Such dies/gauges tend to be expensive to manufacture, and are limited to use

by a single bonding system, and a single type of workpiece.

[0006] Thus, it would be desirable to provide improved systems and

methods for aligning tooling elements of ultrasonic bonding systems.

SUMMARY OF THE INVENTION

[o007] According to an aspect of the present invention, a method of
aligning a subject tooling element of a material handling system of an
ultrasonic bonding system is provided. The method includes the steps of: a)
providing an overtlay -defining a relative position of at least a portion of a
reference tooling element; b) viewing an image of at least a portion of the
subject tooling element combined with a corresponding portion of the overlay;
and c) adjusting a position of at least a portion of the subject tooling element

by referring to the overlay in the image.

[0007al Examples of the subject tooling element include (1) a subject
support structure configured to support a workpiece during an ultrasonic
bonding operation, and (2) at least one clamp finger of the material handiing

system.



aligning a subject tooling element of a material handling system of an ultrasonic bonding system is
provided. The method includes the steps of: a) providing an overlay defining a relative position of at
least a portion of a reference tooling element; b) viewing an image of at least a portion of the subject
tooling element combined with a corresponding portion of the overlay; and c¢) adjusting a position of at
least a portion of the subject tooling element by refegring to the overlay in the image. [0007a]Examples
of the subject tooling element include (1) a subject support structure configured to support a workpiece
during an yltr Ic bonding operation, and (2) at least one clamp. finger, of the material handling
system. iggﬁgggmmg&g%ﬁ#g‘% g%o?ﬁégténg)e%?%?tteo;fréageent%%se%n?it()ﬁ?ﬁweenrr%%?g ’pr%c‘)j\%drgd’%
method of plignidgctdeasitbnd safbgdiciritagmptfilepat ob memmtbjrdthaladlingfsyseenvbiamatesisbnic
bonding sy, P%e ?{Sj rsj t % raviding ) H}HFQ, ing-a.pasitian of at
least one rgfge(ﬂg“c cﬂ?n% inéﬁrr?%)ﬁvl%%v%g] %ﬁéﬁéﬁ%ﬁg fgﬁgl\feégﬁ' aﬁ%ﬂﬁ%ﬁ@ﬁg at ealt%ltﬂcgngjl gjbject
clamp fingskepsnbiea)witle e dngeapondaiti goredin tiahe B06iHEsN Hidad) 'saElsans 4 pEEIEBELOf the at

least one sybiect GaME INGERRYRIETING 16 e 0xeriay B-e 4MageidA0BY dhccardipgsto another
aspect of the present’invention, theré is provided a method of aligning a suftp)}ect support structure

configured 38 2@sh SN FIRBRICETBMEAWIRRR SIAEBERENT B BRIt HlethfeMG EdmpRSing the
steps of: alpravidiagR £\kwisieiiitga fosiicn oha refpRrReCRIRBOMYBICE e viRYing an

image of at [east a portion of the subject support structure combined with a corresponding portion of
the overlay: $h 8 ST ARNUEHYEABEG6on of at least a portion of the subject support structure by referring

to the overlay in 7;[hlf ima%ée. O%O%A%cordin%_ltg anather. a?#ec% of tk}e grr%seintv g}r\!/eggor’%ha E[geghod of
generating 87& ay of T1REEH" p UTARS afo&ﬁ?&%ﬁe eﬁ of B'fae _ialrhanéflng’sys?em 6t an

ultrasonic lpondingcystent foprovidBdnifliearsatbpecinslypesthesteps-efcdafigigemdasiagsiithe

portion of a workpiece during an ultrasonic bonding operation, the method comprising the
steps of: a) providing an overlay defining a position of a reference support
structure; b) viewing an image of at least a portion of the subject support
structure combined with a corresponding portion of the overlay; and c¢)
adjusting a position of at least a portion of the subject support structure by

referring to the overlay in the image.

[0008] According to another aspect of the present invention, a method of
generating an overlay of at least a portion of a tooling element of a material
handling system of an ultrasonic bonding system is provided. The method
includes the steps of: (a) aligning at least the portion of "



- 3 - the tooling element with respect to a workpiece; and (b) generating the overlay to include at least
one marking identifying a position of at least the portion of the tooling element after step (a).
[0009]According to yet another exemplary aspect of the present invention, an ultrasonic bonder is
provided. The bonder includes a support structure configured to support a workpiece during an
ultrasonic bonding operation, a clamp finger for secyiring a portion of the workpiece against the support
structure during the ultrasonic bonding operation; an imaging system, and an overlay configured to be

imaged by the imaging system in relation to at least one of the su t structure and the clamp finger. -
(0006AITHA08 ABAES T M A HBFECh b8 St CHHSr 5 0] BIOEHEH B e BT
connectiontwithdheizasioszigunes prievided heseinfyBi) EF hESOR|BT KNGS THE RIRAMINGS

[0010]The L?}\éepgi&pnis QFSﬁtw gp}g%rﬁtoros érorg:a he following detailed description when read in connection
with the accompanylﬁg da?awmgs. Fls en?p asized that, according to common practice, the various

features of[tgség?wings %EE&?@’ i?gl.e Qn tgﬁ@%qargxﬁf\ﬁ?mn%@a&g tPP \_@{éou J@?&ers are

arbitrarily expanded or reduce clarity. Included in the ngs are the following figures:
FIG. 1A is HIY8UERbadbloti aragrianPoRIebiia foridaast-a maRrkendadling sieem cfipaifasonic

bonding maghipg veeid AaexBRINIAIRE X CMBIRPEBLAdNRNEAT the RESSRAL BHRATHEN
operation, a clamp fihger for securing a portion of the workpiece against the
support structure during the ultrasonic bonding operation; an imaging system,
and an overlay conﬁgured to be imaged by the imaging system in relation to at

least one of the support structure and the clamp finger.

[0002a] These features {as well as other features of such a system) are

shown and described in connection with the various figures provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

(0010} The invention is best understood from the following detailed
description when read in connection with the accompanying drawings. It is
emphasized that, according to common practice, the various features of the
drawings are not to scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for ciarity. Included in the

drawings are the following figures:

FIG. 1A is an overhead block diagram view of a portion of a material
handling system of an ultrasonic bonding machine useful for explaining various

exemplary embodiments of the present invention;
FIG. 1B is a cut away view of FIG. 1A taken along line 1B-1B;

FIG. 2A is a perspective block diagram view of a support structure of
a material handling system useful for explaining various exemplary
embodiments of the present invention;

FIG. 2B is an end view of FIG, 2A;



FIG. 1B is a cut away view of FIG. 1A taken along line 1B-1B; FIG. 2A is a perspective block

diagram view %{}{‘ﬁ%g%rstsstructure of a material handling system usefuh%pﬁ%@@%&gﬂvarious

exemplary em mients of the present invention; FIG. 23 is an end view FIG. 3Ais
an overhead block diagram view of the material handling system of FIG. 1A, incorporating the support
structure of FIGS. 2A-26, useful for explaining various exemplary embodiments of the present
invention; FIG. 36 is a cut away view of FIG. 3A taken along lines 36-36; FIG. 4 is an overhead
block diagram view of a leadframe useful for explathing various exemplary embodiments of the present

invention; FIG. SA isansgyetheast lock sirgragpMew Rladmaieiakbandingisstem of FIG. 3A
including the leadframe P{:Eei AA:,.HL}JCsOeFfB%I é% gx%&gﬁg& ariou ueré%ggilgé):/ fm(i%? ts of the present

. . stem Q ;
invention; FIG. SB°ISA QU away ‘view n along lines . SC is an enlarged

block diagram viBUFSPISEHIEY Fo U5t $1es Pbyi rEnba g etaifioia reateneHverFieaterial handling
system; FIG. 5D isr-éia.%4&%&?%&@%@%%‘?"@@@%@8@r%CfirQJsFigi?@A‘ including additional

features of the material handling system, and reference locations In accordance with an exemplary
embodiment of the preseRtdnventiomgverhead biock diagram view of a leadframe useful for

explaining various exemplary embodiments of the present invention;

FIG. 5A is an overhead block diagram view of a material handling
system of FIG. 3A including the leadframe of FIG. 4, useful for explaining

various exemplary embodiments of the present invention;
FIG. 5B is a cut away view of FIG. 5A taken along lines 5B-5B;

FIG. 5C is an enlarged block diagram view of partion 5C of FIG. 5A
including additional features of the material handling system;

FIG. 5D is an enlarged block diagram view of portion 5C of FIG. 5A
including additional features of the material handling system, and reference
locations in accordance with an exemplary embodiment of the present

invention;
FIz. BE is two enlarged portions 5E of FIG. 5D;

FIG. 5F is an enlarged block diagram view of portion 5C of FIG, 5A
including additional features of the material handling system, and alternative
reference locations in accordance with an exemplary embodiment of the

present invention;
FIG. 5G is two enlarged portions 5G of FIG. 5F;

FIG. 5H is an overhead block diagram view of a graphical overlay
including overlay markings superimposed on a portion of an ultrasonic bonding

system in accordance with an exemplary embodiment of the present invention;

FIG. 51 is an overhead block diagram view of a graphical overlay
including overlay markings superimposed on a portion of an uitrasonic bonding
system in accordance with another exemplary embodiment of the present
invention;



FIG. SE is two enlarged portions SE of FIG. SD; FIG. SF is an enlarged block diagram view of
portion SC of FIG. SA including additional features of the material handling system, and alternative
reference locatiBA& ' Eebrdance with an exemplary embodiment of the 5%é‘éﬁ’tlfﬂ§fémion; FIG.5G is
two enlarged portions 5G of FIG. SF; FIG. SH is an overhead block diagram view of a graphical
overlay including overlay markings superimposed on a portion of an ultrasonic bonding system in
accordance with an exemplary embodiment of the present invention; FIG. Sl is an overhead
block diagram view of a graphical overlay including everlay markings superimposed on a portion of an

ultrasonic bonding systerplg'! ggqg%agl%gg\ié/;j@ g}gg}.@gggﬁm@@rgf%na%)pq{%g%gﬁl%ﬁe present invention;

-5- FIG. 53 is an overhead block diagram view of a graphical overlay including overlay

tolerance field nTA7RMABE QP EMipBREDHEE SBHITRSI AR UITRRSS T PBGhBRY &kém in accordance
with another exerfpkoyichbddiorstan hepresenténvénigonther exemgariikkitbagiroesthead block
diagram view ofdhex@raphisalanaiay;of FIG. SH in accordance with an exemplary embodiment of the
present invention; FIG. 6A-6D are block diagram views of multiple layers of the graphical overlay
of FIG. 5H in accordance it &risedieAvSragpe hipotfiRefrorRe préBestarbisatiereray of FIG. 7Ais an
- overhead block ®iageannvieveaizadeortibre ofeaemateradiandimensystemptesstnatmgmeterence locations

and respective snapshotshof thgsﬁeDreferﬁnCE locations in acfcorollanlcei with ap ﬁxemplary embodiment
of the present invention; G. 6A-6D are block diagram views of multiple lavers of the

graphical overlay of FIG. 5H in accordance with an exemplary embodiment of

the present invention;

FIG. 7A is an overhead block diagram view of a portion of a material
handling system illustrating reference locations and respective snapshots of
those reference locations in accordance with an exemplary embodiment of the

present invention;

F1G. 7B is an overhead block diagram view of a graphical overlay
superimposed upon tooling elements of a material handling system in
accordance with an exemplary embodiment of the present invention;

FIG. 7C is an enlarged view of portion 7C of FIG. 78;
FIG. 7D is an enlarged view of portion 7D of FIG. 7G;
FIG. 7E is an enlarged view of portion 7E of FIG. 78;
FI1G. 7F is an enlarged view of portion 7F of FIG. 7G;

FIG. 7G is an overhead block diagram view of the graphical overlay
of FiG. 7B with tooling elements of the material handling system now aligned
with the graphical overlay in accordance with an exemplary embodiment of the
prasent invention;

FIG. 7H is an overhead biock diagram view of FIG. 7G now including
a leadframe in accordance with an exemplary embodiment of the present

invention; and

FIG. 8 is a side block diagram view of various elements of an
ultrasonic bonding system useful for explaining various exemplary
embodiments of the present invention.



FIG. 75 is an overhead block diagram view of a graphical overlay superimposed upon tooling elements

of a material r{%g(l}llr;% s%gétem in accordance with an exemplary embodirlpcel[)t é)zfeglg&?‘{zessent invention;
FIG. 7Cis an enlargea view of portion 7C of FIG. 75; FIG. 7D is an enlarged View of portion 7D of FIG.

7G; FIG. 7E is an enlarged view of portion 7E of FIG. 78; FIG. 7F is an enlarged view of portion 7F of
FIG. 7G; FIG. 7G is an overhead block diagram view of the graphical overlay of FIG. 75 with
tooling elements of the material handling system now aligned with the graphical overlay in accordance
with an exemplary embodiment of the present inveftion; FIG. 7H is an overhead block diagram

view of FIG. 7G now including aJead{ramsda-ageefdansemitapeRreswplary embodiment of the

present invention; and FIG. 8 is a side block diagram view of various elements of an ultrasonic
bonding systemlasefll for ekplaednmeren dos exempiaria enibh odemistt scofefiee toresent invention. - 6 -
DETAILED DESRRIETIOND b= AMMENT) QBNRALIIAS usesthareiniihe ymslaupitay” is intended
to refer to any marksgr siharindicia unich mivcde gweddnsanpetionthypn optical image of a
portion of an ultrasonic 'bondlng mac%me..lg:zxemp ary overlays are computerized overlays described
herein which indBTE CERTSARY &Y HisIaHRRIIF R aiYhiaY) that fR&y PR kel B K Bperator of an
ultrasonic bondiog anhghayezaidiayberkigieet Pi0o1 2 imed herdirpstractémmdingoling element” is
intended to referigchine and/or workpiece.

o012} As used herein, the term “oociing element” is intended tc refer to
ary portion of an ultrasonic bonding machine used to support, restrain, and/or
contact a workpiece during a wire/ribbon bonding operation. An exemplary
tooling element includes a support structure (e.g., an anvil) configured to
support a workpiece (e.g., from below the workpiece) during an uitrasonic
bonding operation. Another exemplary tooling element is a device clamp
including clamping fingers for contacting and/or restraining portions of the

workpiece (e.g., leadframe) during the wire/ribbon bonding operation.

[06013] FIGS. 1A-1B illustrate a portion of material handling system (MHS)
100 {sometimes referred to as a transport box) of an ultrasonic bonding
machine (e.g., an ultrasonic wire bonding machine, or an ultrasonic ribbon
bonding machine). Workpieces to be bonded (e.g., ieadframes to be wire
bonded) are moved along front and back rails 102, 104 of MHS 100 (e.g., using
gripping members, pushing members, pulling members, eic.). MHS 100 also
includes support structure riser (e.g., anvil riser) 112. Riser 112 is configured
to raise and tower a support structure {e.g., an anvil), where the support
structure supports a workpiece during @ bonding operation. A position of front
rail 104 may be adjusted (e.qg., along the y-axis, see arrow 114} to
accommodate varying sizes of workpieces. Riser 112 defines holes 190 which
may be used to secure a support structure (e.g., an anvil) to top surface 112a
of riser 112 (e.g., see anvil 220 in FIGS. 2A-2B).

{0014] As explained below, reference locations/positions may be
identified on an MHS system. Exemplary locations on MHS 100 that may be
used as such reference locations include (1) notch 110 in back rail 102, (2)



any portion of an ultrasonic bonding machine used to support, restrain, and/or contact a workpiece
during a wire/ribbon bonding operation. An exemplary tooling element includes a SL&QE)SOI’I structure

(e.g., an anvilyvgo%)ﬁaﬂgrzé’as to support a workpiece (e.g., from below the v%gFlQ%lé%és{'ﬁ ufing an ultrasonic

bonding operation. Another exemplary tooling element is a device clamp including clamping fingers for
contacting and/or restraining portions of the workpiece (e.g., leadframe) during the wire/ribbon bonding
operation. [0013]FIGS, 1A-1B illustrate a portion of material handling system (MHS) 100 (sometimes
referred to as a transport box) of an ultrasonic bonding machine (e.g., an ultrasonic wire bonding

machine, or an yifasors hkanandibs machinelWarknissas to b RARLIEGH(e0. JsRdframes to be
wire bonded) are ovgﬁ alonggr?nt ?é:od bac rallsﬂ% , 104 of MHS 100 (e.g., using gripping
members, pushijr{g%é BB PG e ABErSSE ¥ MISE 209 also includes support structure riser
(e.g., anvil riser) 112. Riser 112 is copfigured to raise and lower a support structure (e.g., an anvil),
where the suppi??%ﬁ'bcture ’éﬁB}%ﬁ&P B%Bmﬁ?&' & d?irﬁ%gcd’a%%gﬁin%n (gp)genr%\tlfgﬁiﬁ'égssftiﬁgn of front rail
104 may be adj&etedldely)! ratepipiensmpicier EmYoWE14P 0 sBeeramrsgtYe VaryiAdssizes of
workpieces. Risep4kldefipestingleskbiihiwbicte majebifases thidegureval sipportHsructure (e.g., an
anvil) to top surfage 1422 akHsemhL12 Rdor 6% aRVILAROMRIEIGS. 2A-25). [0014]As explained below,

reference locations/positions may be identified on an MHS system. Exemplary locations on MHS 100

that may be useggge§uch refeeense Jacatigns.ingluds{1ieich 138 't@._??}%{}@ibi@% (2) -7 -indicia
108 on back rail 1012 Z a strlngrof %haracterisﬁpogltloned on hack rail 102), g:\%/?! %38 of holes 190,

”t‘%r?%%ffﬁ’oi%f siﬁ?org F:ifgérjry ustratdd’ iri%cf-3 .gl%p&'é en ’aefong ihe 16-1B with some

amongst other 1623
detail removed fBIPSRIEIRRYTIRAIRS BoporkpiecrafifBVied e BtfldRp < 1098, B8y 30PFOIting a
workpiece (e.g. ussffamaepddonsutravelal omg WaHBid@0. Of course, other types of rails are
contemplated. [0016]FIGS. 2A-2B illustrate support structure 220 (e.g., anvil 220)

[0017] FIGS. 3A-3B are views of MHS 100 of FIG. 1 with support

structure 220 secured to riser 112 by lockdown plates 330. Fasteners 306 are
used to secure lockdown plates 330 to riser 112 through engagement with ones
of holes 190. Of course, other support structure designs are contemplated.

[0018] FIG. 4 illustrates exemplary leadframe 440 that is indexed using
MHS 100 of the ultrasonic bonding machine. Leadframe 440 includes a
plurality of die 446 separated by, and connected by, tie bars 444 and leads
442,

[0019] FIGS. 5A-58 Hlustrates MHS 100 shown in FIG. 3A {including
support structure 220), with leadframe 440 indexed to a position over anvil
face 224 for bonding. Leadframe 440 is positioned against a benching edge of
back rail 102 to fix its position with respect to back rail 102 along the y-axis.
Three semiconductor die 446 (arranged in a column) are shown positioned over
face 224 of anvil 220. As more clearly seen in FIG. 5B, anvil riser 112 has
been raised {e.g., Uusing a cam system or other motion system) such that anvil
face 224 is above plane 550 defined by rail lips 102a, 104A. In this position,
anvil 220 supports the three die 446 (each supported by respective heat sink
448) within portion 5C of FIG. 5A, and a clamping structure {e.g., a device
clamp including clamping fingers as described below) may be lowered to secure
that portion of leadframe 440 against anvil 220.



configured to be carried by riser 112. During a bonding operation, anvil 220 supports a portion of a
workpiece. Anvil 220 includes a lower base 222, and an upper face 224 for su%)ortin‘g the workpiece.
[0017]FIGS. IXBHARVBws of MHS 100 of FIG. 1 with support structufe 220" S6Cred to riser 112 by
lockdown plates 330. Fasteners 306 are used to secure lockdown plates 330 to riser 112 through
engagement with ones of holes 190. Of course, other support structure designs are contemplated.
[0018]FIG. 4 illustrates exemplary leadframe 440 that is indexed using MHS 100 of the ultrasonic
bonding machine. Leadframe 440 includes a plurakty of die 446 separated by, and connected by, tie

bars 444 and Ie§g§24)4}2. [O%@Fg@ﬁu%ég Bﬁ%ﬁ@é MBS 100 gg@vmérb@gu;ﬁgrggbcluding support

structure 220), with leadframe 440, mdexg(%éo a P\’gsmon over anvil face 224 for bé)nding. Leadframe
440 is positioned"AGEMEEY HEFHIRG Bt 6rhatR T "5 1 i e Fo8ibgh Mt fespect to back rail
102 along the y-arirarpgettSbmigfrttiandiéuag stangenstt FduieingiatéSshBafcpositioned over
face 224 of anvit2at 765 mey ealaanyiseesdineGebaanvilgisss k2 has iegmingised (e.g., using a

cam system or Giher, AR SiHETSkSUER iRl amlkiAGR a4 e ahmueRlane 224 drfiaed by rail lips
102a, 104A. In this pgsition, anvil 220 support té}gef three dée 446é§3a§\ni orLed b%éespectlve heat
p - f

sink 448) within S5 SHF I EA SRR L LISAITRG S Ese 8 6 douicd Mandncluding
clamping fingersPas"te'sesibeitsigered 7 W) plasrleredaotse sopbnghatepustiol-ef IEdIfathe 440 against
anvil 220. - 8 - [SPHE KaSihHlastatesrpatiprd @ obdiithidposDiend 46tAnesioposted

indexing position of the leadframe). It would be desirable if the set up of the
elements shown in FIG. 5C could be replicated during future bonding
operations of like workpieces on the same or different wire bonding machines.
FIGS, bD-5K iHustrate exemplary techniques for generating an alignment

overiay.

[0021] FIG. 5D is simitar to the view of FIG. 5C but also illustrates certain
additional features of MHS 100 (including front rail 104, holes 190 of riser 112,
and back rail 102 defining notch 110). In order to generate an alignment
overlay of at least a portion of the fooling element (e.g., clamping fingers of a
device clamp, a support structure such as an anvil, efc.), set-up software is
initiated (e.g., Graphica! Tooling Set-up Software). In accordance with the set-
up software, at least one reference location/point is selected. For example, the
reference location(s) may be: a location(s) of a portion(s) of a reference
material handling system (e.g., such as MHS 100 shown in FIG. 5D); a
location(s) of a portion(s) of a workpiece (e.g., areas of leadframe 440 shown
in FIG. 5D); etc. In FIG. 50, exemplary reference locations 562 and 564 have
been selected as part of MHS 100. More specifically, first MHS reference
location 562 is defined (e.g., by the user) as the upper left corner of notch 110
of back rail 102. Second MHS reference location 564 is defined as the left most
point of left hole 190 in anvil riser 112,

{0022] As illustrated in FIG. 5E {consisting of snapshot A, and snapshot
B), an image snapshot is taken of each defined MHS reference location 562,
564 at portions 5E of FIG, 5D (e.g., snapshot A, snapshot B). For example,
snapshots A and B are taken by the imaging system of MHS 108. This imaging



by respective heat sinks 448 (e.g., where heat sinks 448 are portions of leadframe 440). Leads 442
and tie bars 444 connect to heat sink 448. Device clamp 556 has been positioned over leadframe 440
so that cIampiWé) ﬁ‘rlnlﬁ/é%ﬂg%4 of device clamp 556 contact various portioﬁ%ﬁlﬁé&a‘#&%’é 440 (e.g.,
leads 442, tie bars 444, etc.) to secure leadframe 440 against anvil 220. Thus, FIG. 5C may be
considered a desirable set up for the tooling element (i.e., the anvil and the clamping fingers are
aligned in desirable positions with respect to an indexing position of the leadframe). It would be
desirable if the set up of the elements shown in Ft@.-5C could be replicated during future bonding

operations of Iike warkpleges.andhe s2me ardeient wite onding AChIRGS,EIGS, SD-5K ilustrate

exemplary techniques for generating an alignment overlay. [0021)FIG. 5D IS similar to the view of FIG.
5C but also illustf t@§‘ﬁge?t’£ﬁf”a?o°cﬂﬁgﬁhf RN AL T REHBIRG I Paif fodholes 190 of
riser 112, and baek/rbd 4 0Bt hingp netersIerD). |hnerieps 4 éinkeratethe calippneémpberlay of at least a
port.ion of the toqlingaelﬁmefml_(epg.), @harar{i;ng,ﬁtmgesst@ﬁ@ﬂ@y&sefabimmfealmpﬂﬁpsiéucture such as an
anvil, etc.), set-yp sofiwane isdgiialRdfete Saphiral TOlpGkSRL WarRRitwAKRh N accordance with

the setup software, at least one reference location/point is selected. For example, the reference
location(s) may B A TECREHTST DI PO RS Sf éﬁlj@'f%raeﬁleg%tgfgﬁlcﬁa{ﬁﬁﬁ% SRt (e.g., such as
MHS 100 showrs@efrg, BOTavseatier{s)olt aporticisedpefativeriesicid gesytwareas of leadframe 440
shown in FIG. 5B¥eatacdndciGoalo exemplandeferengetlacations, Y6t anslibdthave been selected as
part of MHS 10Q..org, spegificalyyfirstMHS isfgrenes Ioeation a3 is defined (e.g., by the user) as

the upper left corner of notch 110 of back rail 102. Second MHS reférence location 564 is defined as

the left most poigg efdeft holg,d20-naauilisertd2-JRARIAR UHsHalrg InEGe pEdeapsisting of
snapshot A, andﬁnagéglot a0 image sna shot is tglkenI of ei?ch defined MHS reference location
562, 564 at portiong 5& of FIG 55 (8. [ SAARLRAI K, BnEperet B] O 6 2R Ripie L% Sshots A and B
are taken by thel9fTaigfy R 5RMIVENATI SHDYOTHRE thEgReg Y Ire o dikembrislpthe AREBEMe imaging
system used during-tirethandiag mperatio méontasks suchrasattefsréecogriitomoperaitdns, teaching
operations, etc. (g aRe, ARG APRANISYSIEM)uSAARSRE Adlbfe vHdhercRIREL! notch 110 of
back rail 103) ar?dCBt,ge. eé%f most Part (ri)f left hgle 1904(%@0@/ be used later tp locate the selected
: !

reference locations of & feratha 8ﬁnvé°§y§%%cr% S%(iﬁ%g%g%%.%hile a single reference
location may be '82fé@EE, MithalRy @ppidations RWHPPe TedirdbleRrYdiaeirameare ¥ we reference
locations to more=tetenately akgn e RIGe Bayvihaesuaject MidG (eigeftoseib@atential error

introduced by rotgtony£iges [023IWHe F 7. BRINUSIralES dafeniensedoealipns R62, 564 selected on
MHS 100, otheri‘r)eg%rgnrg&c 6|%C§‘é§)gts rgggﬁpses%el @cteds; F% xg@me tir_e11;,erenr<1:terloc&sttlons may be
selected on a Worf<p|ece S B Wire &1 ri bon n'c?é’d.?&not ief hon-limitirg example would be to have
one or more reféfefiE@ibektion<lon REHVBEREMIILRIREFIAE RRIACHERS. PRICHTEMIERtrates an

example where iefetiensethecations:566¢.563«rfraele citl) omawbekpisite bilDife glesiegortions of
Egﬂfga;nﬁ 440). QegH r@e,bemdﬁ,@%ti%s pﬁg@.%@[&p}%@%ﬁﬁ&ﬁ{@@tm@»% selegted. FOL exarfnple,

. 5F illustrates, various optional refere ocations . Images/snapshots taken o
respecive loadt Il OB TS B, b B osaione B e Lesdatpse S foe
enlarged views 6f SrEpSKRRET, B8 1555 fh b PRbPRpIERR HrskiRIE cTdy B8 HsEMetdRénce locations,
the workpiece (el oeatiydaredédd)arhpdimpiositionsdion avidesirgd RIG&IGH f6T)badfding such as in
10, S Osr B S TAP I R AR, M 5 s, eterence
ocations : a ected (e.9. : and position markings may be defined for the
overlay (a5 desc Babete LRk no R e R A PR AR ) e o
include position FREFGAGYTT ther SUp BrPEFFEiHrE (8 . il B 205er feasebae @t to move the
workpiece awayHvetioitszohidyrfpoditieneiish that the support structure is visible in order to define
anvil position markings for the overlay. (0024]Regardless of the source of the reference locations (e.g.,
the MHS, [0024] Regardless of the source of the reference iocations (e.g., the MHS,

——
M’

the workpiece, etc.), the user may select the reference locations by aligning the
imaging system in a position above the selected location(s). For example, the



the workpiece, etc.), the user may select the reference locations by aligning the imaging system in a
position above the selected location(s). For example, the - 10 - user ma move the imaging system
(e.g., mcludm&’g can4era§ along the XY coordinate system of the bondlngC Lk %U%%ﬁg the XY table.
When the imaging system is positioned above the selected reference location, the user specifies the
selected reference location (e.g., such as inserting a symbol on the location, drawing one or more lines
on or proximate to the reference location, etc.), and the user takes a snapshot of the selected
reference location. The XY location of the referencé@ location is now known, and is stored in memaory.

In & more speciigexagipiey 08 paRIS ARG (e0 GHdRIRaNDN S4staEAL e aligned to

intersect a p0|nt of the selected ref e cation It |on of such a crosshair (OI’ equwalent

structure) is knoWh'| Wﬁ%%ﬁ%’ﬂ@ﬁ ?r? @ﬁﬁ@aéﬁ@?nuéj‘ﬁé?é LEMMEMEAR a snapshot.
Referring back t6"FeBS. SBEFEHEESG%%%W@PE‘@ the saRgasy eipsesnt lerativralignedsst the corner of
notch 110 to defipeceierpacriataiiorobicBycriecting this@saa efetence ipaaiiornthe XY position of

the corner of nojgh %l&@ﬁtfb@awfﬁg%%%%é%#gwmo%sﬂm% tyhile (IRsshair 572 is illustrated in

two locations in FIG. 5D eaﬁ: of these locations refers to aglﬁ%n %e taken ta different time. After

obtaining (e.g., STAUSBrRYh MEREVFThEKT REIRBHYT SR c?c%tcoens the user may then
define the markllﬁg%tm tHéDREMespiPPethiivhrRiaifeTeieratier 'ﬁ)@‘a‘ﬁd‘fwfhsaﬁml'i‘o@@’égcnbed below
with respect to, femexaonplelHGHro&Eha3ridrconprctiba avidsibesareatioraf shenearking, the user may

use certain dravying, %%t%eﬁv%a%@@ﬁg%%'sﬂevge&gatpsm IPROIEIG 3 Helstiates a graphical
overlay includin overlay ings superimposed on a partion of an ultrasonic bondln system. More
ool SR o E g

specifically, sinc Siigt 2He %%55 SHEEY %ﬁﬁtgﬁ ‘f%%})‘a#é” fhelr desired

positions for bor‘ihhﬁﬁedﬁi%éoﬁé?mﬁ@éwSflﬁbﬁéér?@%ﬂﬁ%@ﬂ%ﬂj@@?aﬁé%smon markings for
the overlay. ThakdserttweyUusek may POSEINS D erovsciin G BY staimetonkgages padionenef<lamping fingers
554 in turn, and greate graphicahover W&JN‘Q?@ {B%féﬁ#rr!%e'?@%ﬁ% eﬁgg(ﬂ@@p%ﬂnger 554. For
example, the softwarenm%xshaave B g%%fln SR grpeg%e(\g f%rgghlcfatlhmaéllgrl‘ré s fSnO(% r f . 5H, cross
shapes such as cr8§s ghap c?ﬁosmon rcﬁ INgs 5 ré [ folerande shapes such as markings

560" in FIG. 53, %te} tefiefenap i Mhe [foiwR- nﬁ?l@ﬁ#ﬁ%erlw%tiﬁ)fﬁéﬁséb@ﬁn%}’e‘stﬁe’%ﬁﬁﬁéié may allow the
user to -11 - cust@nzetitre shapessiCastbmizecsshapes mayfbe drawmipgthakesestime by line (or

other markings syek}- s BANESARES §E‘éﬂﬁ gcg) t&wg%&%ﬁéﬂr{hﬁe@&ﬁ%%@ﬁ‘?&&%§h3pe A specific
example of a cusfc%ml%e%% lape may betr},rlleau |nrgm560 thatépg h%p EB% asp‘progqmate the outline of a
; fe gEreetiod Rivhe

portion of the t00 ing elemént such as Llamp Tin e user generate the graphical

position markind®/ 82X EofRI3HesY inpik Fﬁ%‘éﬁ%ﬁﬁ Pr‘r'"’(‘éoﬁ( aéo‘fﬂ'bﬁf‘e‘i‘%  RR4K B3N, touch screen,
stylus, keyboardested: Wen dkengoen PUS: Bipumethamsmids kikethtocthetdy gfasition of the imaging

system lens (e.tnFRMErHeRsy they X¥eResitioniei wRsbgraRbisalmankiagdmokn@wn. Thatis, after the
graphical marklrwes %t otc.

[0025] FIG. 5H illustrates a graphical overlay including overlay markings
superimposed on a portion of an ultrasonic bonding system. More specifically,
since the tooling element {e.g., clamping fingers 554 and anvil 220) are in their
desired positions for bonding on the reference MMS/bonder, the user may now
generate position markings for the overlay. That is, the user may position the
imaging system o image portions of clamping fingers 554 in turn, and create
graphical overlay finger markings 560 for each clamping finger 554, For
example, the software may have predefined shapes (e.qg., graphical markings
560 in FIG. 5H, cross shapes such as cross-shaped position markings 5607 in
FIG. 51, tolerance shapes such as markings 5607 in FIG. 5], etc.) to identify the
position markings. In another example, the software may aliow the user to



created, their respective positions relative to the XY coordinate system of the MHS/bonder (and also
their position relative to the reference locations) are known and may be stored in memory in
connection with H&! éﬁ’%’ﬁ?cal overlay. Referring again to FIG. 5H, the udET AR IESREE (or otherwise
provided) respective graphical markings 560 to mark the desired position of each clamping finger 554
in the MHS/bonder XY coordinate system. Further, the user has also created graphical anvil markings
558 to mark the desired position of portions of anvil 220. Collectively, these markings 558, 560
represent graphical overlay 580 shown in FIG. 5K1{shown apart from tooling elements 220, 554 in FIG.

50, That s, afteE yei 390 L ARacraled hmeuRp aE D darions sl %mrfge?of view (FOV)

574 of the imaging system (and subject to scaling of the imaging system and similar functions).

Specifically, graphicE B 8%6 2y BLFHRY A Teleetts the iR&§H75%5m and does not move
when the imagirfgsyetansienjzed stanerd) peadvekavelethbaMBBGikpREeee[062HFIG. 5H illustrates
an example wheragiapbicatraandngshbid b arexaustottzed dmapproximatedhg@utline of a portion

of each clamp fipger 554 and.anvil %gglalﬂ'ﬂy\fﬁ\ . &) type of marking may be selected as desired. For

example, FIG. 5l illustrates cross-shaped grap cal markings 560' to denote the positions of each

clamp finger (anﬂ)@gé/jl 220)TMqus%rsglgjgnagggyatgr%hé@é’i%g,r@g glmg@g[r(&gw markings 560" define

a corner configured for ali nment with a portion of a respective end of clamp |nﬁ fingers 554, and -12 -

graphical overla§PARAFh é@%%@’ﬁ'é“ﬂ SSoph SR K MR o AT RS 1B1YS &t with a
respective portighybisalod220d, (6028 MCeeh dlcemranser m@kmﬁ@mﬁ%@@*@@fﬁ@éﬁmlerance field
markings 560" axe psexicedf(as: opposedietthe mrarkings shown knEIGHe B hbisscbrthat when a

predetermined ReyioDgheshAATA e Fos{AISAIR & e Spisis ipleiaRes fled maridng 560"

they may be considered to be sufﬂmentle(/ﬁah ned. For example, FIG, 53 illustrates_square shaped

graphical tolerarreeFely’ Wﬁ‘?@g%'éﬁ PRRINERE gﬂﬁﬂv&tﬁqﬂ}eﬁ&tﬁ?ﬁ“g@&? Y B8 § E‘gned to be within
a respective ondbSibandatyBeatse keivisesidppiattye &rribe periene2sasoapvR 220 have been
aligned within a kaspaciieroneef solarancessnsskings &b ctibhevsiz ehshapsiandosientation of

graphical tolerangg fig %%'@9%1%6%& 9R8 uRav.be £hanged.azdesiedEugaaplary variations

include circle shaepedt erance mark mg osi I|ne defining a tolerance range (i.e., not a closed
iR PR IR

shape), amongstoHTaty S8 g P8l ﬁeqasfﬁ RHEREBE) 2388 may permit
alignment of clag@iir e 554 ath@rWJPQQ@WﬁﬁlﬁpgtﬁiﬂaF@IéVéFﬂE@ lifkiEEerhess, if an end
portion of clampingringes&bdriaithin sts e spettivergraphscal tolesmhceefitdd mapdsigdd60", that
clamping finger 354 %6 dreMes as alignedy [AN3NRG RIS dkisiraies @p gxemplary single

viewable overlay %%9

ical overlay 580 shown in FIG. 5K (shown apart from tooling elements
220, 554 in FIG. 51). That is, after overlay 580 is generated, it may be viewed
in portions visible in field of view {FOV) 574 of the imaging system (and subject
to scaling of the imaging system and similar functions). Specifically, graphical
overlay 580 may be fixed with respect to the imaging system and does not
move when the imaging system (e.g., a camera) is moved over the

MHS/workpiece.

[0027] FIG. 5H illustrates an example where graphical markings 560, 558
are customized to approximate the outline of a portion of each clamp finger
554 and anvil 220; however, any type of marking may be selected as desired.
For example, FIG. 51 illustrates cross-shaped graphical markings 560’ to
denote the positions of each clamp finger (and anvil 220). More specifically,
graphical overlay clamping finger markings 560’ define a corner configured for

alignment with a portion of a respective end of ctamping fingers 554, and



including graphical markings 558, 560 for tooling elements 220, 554 (e.g., see FIG. 5H). It may be

desirable to dM)dﬁ» 8)4)?51%%’ 580 into portions, or "layers”, to simplify use pf.oveflays8Q:Py a machine
operator. One exemplary technique for dividing the portions of the tooling element (e.g., anvil 220,

groups of clamping fingers 554, etc.) is based upon the height (e.g., along the z-axis) of each portion
of the tooling element. In connection with such a technique, each layer of the overlay (corresponding
to the heights of portions of the tooling element) may have a corresponding focus height setting of the
imaging device (e.g., a height along the z-axis of fife"imaging device); that is, with the specific focus

height setting foﬁ{rymlay&rem@ SrresBARGB G Rottiens: 2200504 &frthestesting alement are in focus. In
one more specialF example,, - 13 - th%. irgaﬁm‘gnd&vggg”igggoved along the z-axis (along with the bond

head) to compen%’t@%r ‘\I/Vgﬂaaﬂger? T heights of portions 220, 554 of the tooling element, thereby

providing a consistept focal AJO93LIFIGS, 6A-0D ilUstr n A overlay 580 is
provided as fouTOZ)iggict la éi?g%gd%ﬁ%?% 5%?380 5§q(;é-()jVJ(leé§g Er%i?fse@%mﬁgéﬂg&gf the subject

portions of the BSHkGBE SRR PENded dAIRPRPRBDIAGSIRBK MEI GRP WY A&%R itk 'own focus height
setting of the inElyinglevite)hElG. Baditasimes et (6. gactovessy fmger 880488 graphical overlay
580, and includgs.Qnl% ssapbical everlay-afvid MarkingsePs tidEmés Blistiaiesrayes &8O (e.g., the
e o MRSy IR OGRS [ eHeeshiRiel el d oAl ey flegiond Tnoe)

markings 560a correspo% ing to the lowest level of aligned clamping fingers on leadframe 440.

FIG. 6C illustratéderanse 581518 K IR Fox(aGET Bi5 ot Rl RY BB ArdIR&ties graphical overlay
clamping finger atigmkinys 560 b AresprmTtittgens: tiarailddies| a§eT . of- tkytirsd ¢taasbiag fingers 554 on
leadframe 440. FJePRbilustraiesiayei 2300hiodbcthicangxntdayenit frespetayer &80s) and includes
graphical overla% clarrpc%i?%%%&r Eg?rkiqu%gg Cg%%ﬁ@%&’%@?&%&ﬁo‘ib%%‘?@ﬂ!@a‘?ﬁ level of aligned

L-Lfg eadfrdme Zf

clamping fingers on le e 440. [0 Egegardless of whether the oyerlay is a single layer
(e.g., overlay 580\BPEHIEILMRG6INEY R (50 IdYRYPESHANEH0RS BEVEBETH MR bverlay may now
be stored in a memaiygraf it ditcistm b érmddiplg raneehieklogsormeosire Frae ARAYLZh as a portable

memory device QidreharkagTIRENaNY) aisksaay e Dtbeoviga etastsonically transmitted to another
(e.g., remote) location for use in aligning the portions of the tooling element as described below,

[0033]As providesbabpve, Fifash Slaphitdllusiraieeremnplaryigsivsioy esfurgenpeating overlays that
may be a “”'tar%s%ﬁ?é@% g%%?ﬂ{p% QySHRY-caMRARed QfiMm4iRRAYSHaYBRAARS REfa-580d, that

may each corres to a different’(focal) height of a toolianele 1ent. An exemplary use of graphic

overlay 580 will H§k Be' IS ENBEG PR HEARBRWIBPRICE PAYE" FRLSGREF BF overlay 580 may be
the same user winerheaktolrdroedithy Bakins &Y leahnmmengsErasr 2 i9caryemote location. In any
event, the softwakerneludiaggned.

[0030] FIG. BK iliustrates an exemplary single viewable overlay 580
inctuding graphical markings 558, 560 for tooling elements 220, 554 (e.g., see
FIG. 5H). It may be desirable to divide overlay 580 into portions, or “layers”,
to simplify use of overlay 580 by a machine operator. One exemplary
technique for dividing the portions of the tooling element (e.g., anvil 220,
groups of clamping fingers 554, etc.) is based upon the height (e.g,, along the
z-axis) of each portion of the tooling element. In connection with such a
technigue, each layer of the overlay (corresponding to the heights of portions
of the tooling element) may have a corresponding focus height setting of the
imaging device (e.g., @ height along the z-axis of the imaging device); that is,
with the specific focus height setting for that layer, the corresponding portions
220, 554 of the tooling element are in focus. In one more specific example,



- 14 - the overlay is loaded into active memory of (or accessible by) the bonding machine on which it

will be. usgd t%ﬁ'&%”z}e?%a% oling element. [OO_34]FIG. 7A |Ilustrat.es snapsé@&?oqﬂgﬁﬁzwhlch th_e user
may view in order t¢ Identify the corresponding reference locations on the subject MHS. That is, it may

be efficient to provide the user of subject MHS 700 with a view of the reference location(s) that were
selected during generation of the overlay in order to identify the corresponding reference location(s) on
subject MHS 700. In FIG. 7A (including anvil 720 and anvil lockdown plate 730), the user may use
snapshot A to identify reference location 562, andtfay use snapshot B to identify reference location

564 of material handiing3ystem: 10 HEELIBG URPSLIRE hank,cerRenobaRich-240thas been identified

as corresponding to the reference location in snapshot A, the i in g1evjace!.i positioned to align the
imaging system éf’é’fr}%aetecf%ts‘é riglkr'oc?fS the fe :?‘stsof}Jj ﬁfg 'ilcrwgaik%eébr;y%%rﬁ) 0 notch°710 in back rail 702 as

shown in FIG. 78BS AilIfieg HREMHEME SPsEieniitah$ieAt?10 as shown in FIG. 7A, reference
location 562 is established. The position of reference location 562 in the XY coordinate system of the

subject MHS/bdi¥98i ks now HR8d G 6P UHe'$ivea BrmRoHE T A PRI R Bty Beerepeated for any
additional referendelodations lsyets 880efEaicE80catitit 364 (el differtaft bidehtf téftieole 790 in
SUbe'ect anlvi' risghifd& nggékﬁ {H%%%%J%é:ﬁdérﬁhﬁwérbﬂﬁla?égftmbtb&mﬁ%?ﬂ%glghe gesirﬁd
reference locations (e.g.,. an are fixed in .,.and.saved to) t ect onder, the
overlay may be ﬂaﬁéé‘ea'g Fté??hoew gu%jcéjcst ﬁ@/%%%iagr? 59? Ee%g%uiﬁed%tﬁégiﬁ?%sgﬁ)n of each of the

markings of the NEFREGSAY %é%&ju&é‘é%&'?ﬁ@rm&@miﬁ ?ﬁ'@@%’f@?ﬂ of the reference
locations from theireferentegviidi St bodetato | sodjeot 3/F58/bbiterB IHuarmptesdatethe markings of
the Overla%/ afe @@élﬂs Q@.&Y@H@W@xﬁqw&@w&@o@ﬁ-&gﬁq&%@ﬁ@&@%@?@h@sﬂﬂ@d&n&am@&fﬂigning the
portions of the tooling element) in_connection with,the subjec ile FIG. 7Ais
illustrated and deSEr ngol\r{leég}%r?eacrﬂgwglv%trﬁggrrﬁqaaﬁﬁg %%%égséo%%(?ggﬁnﬂ%eg%gggﬁcﬁ!{%g the reference

locations from th¥fEERIseMFEIPBATERES e b e NATS/B6Rd &l G- dhuskAtShvention is not
limited thereto. Evat S8@utemated tect fgeesmiaybeyes&dib)lecdtedmttakgerhics - the reference

locations. In oneexaPRIEmRAILEIAJACOURIIRR taehnighessaiariadsedindaltiamatisally align the
o oo aaka Yarl RS OS2 SMalaRbnae0BHecNB e LR AP 2lloned

reference location(s ) ,
{(e.g., the next layer up from layer 580c¢) and includes graphicai overlay

clamping finger markings 560¢ corresponding to the uppermost level of aligned
clamping fingers 554 on leadframe 440.

[o032] Regardless of whether the overlay is a single layer {e.g., overlay
580), or a plurality of layers (e.g., layers 580a, 580b, 580c, 580d), the overlay
may now be stored in a memory of the ultrasonic bonding machine (or some
other memory such as a portable memory device or networked memory), and
may be otherwise electronically transmitted to another (e.g., remote) location
for use in aligning the portions of the tooling element as described below.

[0033] As provided above, FIGS. 5D-5K illustrate exemplary techniques
for generating overlays that may be a unitary cverlay 580, or an overlay
comprised of multiple overlay portions 580a-580d, that may each correspond
to a different (focal) height of a tooling element. An exemplary use of graphic
overlay 580 will now be described in connection with FIGS. 7A-7G. The user of
overiay 580 may be the same user who generated overlay 580, or may be
ancther user in a local or remote location. In any event, the software including



[0036]FIG. 7B illustrates a portion of a subject MHS having portions of the tooling element (e.g., anvil
720, and clamping fingers, 774 of device clamp 776) misaligned with re ical overlay
markings 552%?6%’%?%%§Iay 580. Using graphical overlay 580 (or mulégiﬁlaa%)g?gaég%g, 580b, 580c,
580d, as desired), the imaging system may image each desired clamping finger 774 on a display,
where the corresponding portion of overlay 580, including the corresponding alignment marking 560, is
superimposed within the image of the clamping finger 774. Thus, a user can look at the display and
move each clamping finger 774, as necessary, solthat it is aligned with its corresponding alignment

marking 560. This.resuts IR igRadIRERRING-AEH TF4 ofesBee SHRFHPShE BHathd G). More

specifically, FIG. 7C (portion 7C of EIG. 7B 'I%st ates an exemplary clamping finger 774 that is
misaligned with rPé‘s%é% % & iécr%rﬁ?evlyl"g‘(r-ﬁear Si%‘é ',ggr?aepﬁ?f.'%%s%‘\( Ioh 7D of FIG. 7G) illustrates that

exemplary clamping finger 174" gppsitoned. o b gligned yuih Alanment marking.ceg. This process
may be repeate for'dach mlsallgnea I 7

clamping finger 774. Likewise, %%s%rrocess may be repeated for

misaligned anviP73a0. \WIigRS 4y campsreading gientiss Beasersen7Bs et an anvil 770 that is
misaligned with Tespisctttorafidpareiatamiaink g 688 tHanas €1 Gf, SUBGEOMUBA 760oFF@.VIE®) illustrates anvil

778' rep_cl)s?i;igne&tﬂwﬁ‘e@}gﬂ@@|8&Ehcﬁ4&gpfgsmwg@@§r&t§g§ﬁm@ @mﬁmtﬁ&ﬁ@mmﬁ?‘gers 774

and anvi may occur in any.order, as desired. : ustr the 100l ment having its
respective portié’?\g rﬁcg'\‘/L\jt %ifjgerﬁ}%@igggcdgé%s r?gg‘? Wtﬁeo&g?fae II%CB%E@ '339fASstL(P[r)?c()etcedl\ﬁf;lIi ove, the process of
adjusting the poffiénddfifie 16diRtdUdiBsemtniad B‘édaFW&Xﬁ%%?@%@@%ﬁ%ﬁiéﬂﬁﬁ%@ﬁser positions the
imaging systemrtaview sagsiporticn okthiétogknenetdnoetiv tadiéBganithmineusersespaimdifg alignment
marking) inllsucqesmﬁfMV&%e fb&ﬂé@%@dnm@aa@m@aam@s_'s;@eé?ﬁh@bthafwmg system
automatically proceeds_ from one ali e n the.n i a
predetermined cuc?r?gﬁcﬂgﬁ gé?r‘fzc?n%?’g@%%gg@ ?ﬁé%r@??&@%ﬁ%gg %ggﬁ%ﬂhrﬁiggg % - 16 -
keystroke, buttoff &RNBy AR5 IRSTRRSMRTdhe SREd MR ReTENISS 5 BREYABF S0 AB%t alignment
marking (presunvabfjnaleyrjemittetbe termesponaling gortions of the toelimg eksteentjo[0038]Following the
alignment process:#usimptedanddesssinedriove with raspegtie fikgShe m#gndhe user may then

index a workpiece Eto a b;cggc'jli&grppﬁtiggls% V&ﬂems%g%l\/rl_lé@rg;l &r?@cra% g%gr that the tooling

element (includirs‘;l"g’;S ﬁ;g clam Ing fingers and/or the anvil) is properly positioned with respect to the
workpiece. FIG.GFF‘T”?I'lég%tBé‘% ReSHER e Breing %?O)Wﬁa%%gocﬂ?fg'ﬁaﬁ%ﬁ\ﬁﬁedrbosition.
Leadframe 740 i§ ensraibytafigéebnddr thevodirey étegneimd eaysdligneahelampimésfingers 774') as
desired; howevegsdtdendfsarpe répleaaihiapatyirtigheseadivs imanismmnackbasmade. For example,
the leadirame infiexing YR adiusied (6,6 along. (e ein. 95 Raztil alng.ae y-axis). Such

adjustments may be made In software or hardware. Further, a portion of the tooling element may also
be adjusted as deGRIAEYE i XBARL A8 PRAPEA %Tﬁ@teﬂ%li@ﬁ‘iﬁ%ﬁ?rﬁﬁmﬂﬁﬁ Ray). For example,
the user may adjigstrtidergfositionsoftitignediantd7as Serd attgiiad daitsing Theeed7prd', as desired to
adjust the alignmentwidiieadfianddond be:Hagnvpydhagrieshaselibyere to edit (and save) the

overlay (e.0. rjjagy QYE/13Y BA0L01IBHe1s 5305, TH0R 5L, SOHLOmIRFgGraNEray 500) andior the

reference locations of overlay to correspond to the adjusted anvil and clamping fingers positions.

( C
[0039]FIG. 8 illuS¥E1RY Ty 5 e LrtaH Ry 258 T Y 2 ERAPSS Witk £c8™2548 SHlporting workpiece 440
(e.g., leadframe 4iganith ldietitds SappertadBiefsedPidyoTtpeiodeerremisGMhEMRMAESHNic bonding
system shown indiey Sviaiugie %Y iakie 809G catrag enthhard-89usbiichiirimg carries bonding

100} 896 and opiga) sysiem ity QLAeWsRPINGRE AIIAgRAL B CanlLAliaR where optical

system 892 can change the focus height settin mde‘\gen ent of movement of the bond head) are
contemplated. OBHRAMSYSHERT BR Aehiib s Rp iRRIrSkI< 508 WkEre optical axis 898 is offset from

bonding tool axis 902 by offset 900. Anvil 220 is raised above rail lip plane 550 and ts die 446
(the covics ciamfPE ShutiecH 1Bl S5 BRTRLT AT HOSShY THEUS RN Hrent portons of he

tooling element (WATneid Brecess of locating and aligning the reference locations from the
reference MHS/bonder to the subject MHS/bonder, the present invention is not
limited thereto. That is, automated techniques may be used to locate and align



- 17 - portions may be arranged at different heights) by changing a focus height setting. This may be

accomplished bx %hle ﬁé%XisS movement of optical system 892 (in this case CT%EE%?L% onsnd head 894)
as shown by JO0BIEARHERd arrow 904. Images from optical system 8ot f:e‘. > including a camera) are

displayed on display device 906 for viewing by the user, for example, during setup of the reference
tooling element (including generation of the overlay) and during use of the overlay with respect to a
subject tooling element to be aligned. [0040]In summary, the Graphical Tooling Setup Software (GTS)
of the present invention uses an imaging capture-system installed on a wire or ribbon bonder to create

an image of the gaterial handling,sustem, (M ESHana Rendar-Agrarical tarigsstgtion, or template,
(e.g., graphical (%verla¥ 580% is then Rm\fjdet %e;gf, sugeii?mgoos on thg's MHS irtnage to allow for
alignment of varfSuS &fei 8RR Yod Iy e RiEh 1ot PASH A re b PE8ERTafion. The graphical
representation ig¥EREBERETYARNE RF Y IERYIFLAINerREdERES D AlIARB HgiREeRCEd g 2t Téadframe) or MHS
to allow for portability of the graphical template to multiple bonders/locations. [0041]Although the

present inventiolPRa&Ibeen H&scibddshraseariny/Aprtomes arpblediidsysring aprdevsrholders for
bonding wire of tiizbeoimatesiakbetaeernohg and, leatisaihismotidigaitedthefetoidhedeachings of the

present inventiop-haye ARBHEAUAM P 850-Of ATTAERRST Rl IARARISRORANgaPRICALADS (€.9., ribbon
bonding, wire ba c@n% Fntc%rto an 101:/ a gur;gé)gr orf Hpﬁsl ofl avvop[é(péleces %%%t Ié%tec% 8€]e_a_1dframes).
[00421Although#| iNveItion is mustrated’ &OescH EFnereEin vﬁ?ﬁrg Srence 1o Séf)eCIfIC
embodiments, t1% Ae5ERELITNS TORING RIS TOBRYIiMAeR tBthecgiesdisxRBiRM iRgRhérvarious
modifications may belisxéle Whihe ithetails-autibiniitie seope o sdag e 8tf, egtivdatents:of the claims and
without departing,fram,sh&ig\eRtttnt h8rking 560, is superimposed within the image of the

clamping finger 774. Thus, a user can look at the dispiay and move each

clamping finger 774, as necessary, so that it is aligned with its corresponding

alignment marking 560. This results in aligned clamping finger 774’ (e.g., see

FIGS. 7D and 7G). More specifically, FIG. 7C {portion 7C of FIG. 7B) illustrates

an exempiary clamping finger 774 that is misaligned with respect to alignment

marking 560, and FIG. 7D (portion 7D of FIG. 7G) illustrates that exemplary

clamping finger 774’ repositioned to be aligned with alignment marking 360,

This process may be repeated for each misaligned clamping finger 774.

Likewise, this process may be repeated for misaligned anvii 770. More

specifically, FIG. 7E (portion 7E of FIG. 7B) illustrates an anvil 770 that is

misaligned with respect to alignment marking 558, and FIG. 7F (portion 7F of

FIG. 7G) illustrates anvil 770" repositioned to be aligned with alignment

marking 558. The alighment of clamping fingers 774 and anvil 770 may occur

in any order, as desired. FIG. 7G illustrates the tooling element having its

respective portions now aligned in accordance with overlay 580.

[06027] As noted above, the process of adjusting the portions of the
tooling eiement may be a manual process by which the user positions the
imaging system to view each portion of the togling element (along with the
corresponding alignment marking) in succession. However, the process may
be enhanced such that the imaging system automatically proceeds from one
alignment marking to the next alignment marking upon a predetermined
condition being met. For example, the predetermined condition may be a



What is Claimed: 1.A method of aligning a subject tooling element of a material handling system of an
ultrasonic bondin stem the method comprising the steps of: a) providing an overlay defining a
relative posmo‘ﬁ %}é%/ Pé’%is a portion of a reference tooling element; stlé%ﬁ?ﬁ gér?%age of at least
a portion of the subject tooling element combined with a corresponding portion of the overlay; and

) adjusting a position of at least a portion of the subject tooling element by referring to the overlay in
the image. 2.The method of claim 1 wherein step a) includes providing the overlay defining the relative
position of at least the portion of the reference toeliig element with respect to at least one reference

position of a refergnee mateal, h%&d'ﬁ‘y%ﬂé‘ieéﬁ‘e §5EP%JE%{QQ%QE ﬁ@@ﬂe%é"f‘é@%?‘é‘om%ﬁt least one

reference position is a smon of at least ne of 1% ortlon f a rail member of the reference
material handllnﬁﬂgy}'ﬁé 'S 'B%‘F{Fb OFA T8 'ry H‘Po‘éfrt PR PETERIEL hBREHAT handling
system configuretitfesr iefiiggeemetkpiece in connection with an ultrasonic bonding operation. 4. The

method of claim 1 wherein step a) includes providing the overlay
[0038] Following the alignment process illustrated and described above

with respect to FIGS. 7A-7G, the user may then index a workpiece to a bonding
position on the subject MHS in order to confirm that the tooling element
{including the clamping fingers and/or the anvil) is properly positioned with
respect to the workpiece. FIG. 7H illustrates a wotkpiece {i.e., leadframe 740)
indexed into a bonding position. Leadframe 740 is generally aligned with the
tooling element {e.q., aligned clamping fingers 774") as desired; however, if
leadframe 740 is not properly aligned, adjustments may be made. For
example, the leadframe indexing may be adjusted (e.g., along the x-axis, and
possibly along the y-axis). Such adjustments may be made in software or
hardware. Further, a portion of the tooling element may also be adjusted as
desired {(e.g., in connection with an adjusted alignment marking/overlay). For
example, the user may adjust the positions of aligned anvil 7207, and aligned
clamping fingers 774’, as desired to adjust the alignment with leadframe 740.
The user may then use the software to edit (and save) the overlay (e.g.,
unitary overlay 580, or layers 580a, 580b, 580¢, 580d comprising overlay 580)
and/or the reference locations of overlay 580 to correspond to the adjusted

anvil and clamping fingers positions.

[0039] FIG. 8 illustrates support structure 220 (e.g., anvil 220 with face
224) supporting workpiece 440 (e.g., leadframe 440 with die 446 supported by
face 224). Other elements of the ultrasonic bonding system shown in FIG. 8
include XY table 830 carrying bond head 894, which in turn carries bonding tool
896 and optical system 892. Of course, other configurations (e.g., a
configuration where optical system 892 can change the focus height setting
independent of movement of the bond head) are contempiated. Optical system
892 defines optical axis 898, where optical axis 898 is offset from bonding too!
axis 902 by offset 900. Anvil 220 is raised above rail lip plane 550 and
supports die 446 (the device clamp is omitted for simplicity). Optical system
B892 may focus upon different portions of the tooling element {where the



defining the relative position of at least the portion of the reference tooling element with respect to at

least one refe\gvence 11P{gs{i}%i!(g)n of a workpiece positioned by a material har}g@&%y]sﬁ@&#f the ultrasonic
bonding systemoﬁ BIe"Rethod of claim 1 wherein step a) includes providing the overlay defining the
relative position of at least the portion of the reference tooling element with respect to at least one
reference position of a leadframe positioned by a material handling system of the ultrasonic bonding
system. - 19 - 6. The method of claim 1 wherein step a) includes providing the overlay by marking the
relative position by way of computer input. 7. Thelmethod of claim 1 wherein the overlay is stored in a

memory of a coppuiar AfhediraseRis RANFING-BYRIBs) By he MBRtNadelisiaignt wherein the
reference toollng eI_eme%,lncIud s a glura”g{l% Blamginggig%ers. 9.P{g§0mtethod (%f claim 8 wherein
h

step a) includes Broviding & BUERIAT-GEMinG the refafive position © Ueslity) Of Glamping fingers.

e
10. The method&§Rdliaifhi9 vPRRIEITENY\RoMd) AR FAE2 28 SRAYIPOF DURRIBRPRAAIRATGY defining the
relative positiongaf4at ieastivwoof shecplssalityno @lampininfingers a ddmdte enethisglagkdlaim 10 wherein
the plurality of posiignapakingsiciude aliensy one Rkl i essmhanadimpskingsamd (2) outline
markings of at loget & PO EoMS dESRAE (0803 SLAZRRUN AT OLSEIN IS DFRIE use

of the overiay with respect to a subject tooling element to be aligned.

{0040] In summary, the Graphical Tooling Setup Software (GTS) of the
present invention uses an imaging capture system installed on a wire or ribbon
bonder to create an image of the material handling system (MHS) on a bonder.
A graphical representation, or template, (e.g., graphical overlay 580) is then
provided (e.g., superimposed) on this MHS image to allow for alignment of
various elements of the tooling element to this graphical representation. The
graphical representation is located relative to distinguishing features on a
workpiece (e.g., a leadframe) or MHS to allow for portability of the graphical
template to multiple bonders/locations,

o041} Ailthough the present invention has been described primarily in
terms of bonding systems and workholders for bonding wire of ribbon material
between die and leads, it is not limited thereto. The teachings of the present
invention have application in any of a number of ultrasonic bonding applications
(e.g., ribbon bonding, wire bonding, etc.) to any of a number of types of
workpieces {not limited to leadframes).

[0042] Although the invention is illustrated and described herein with
reference to specific embodiments, the invention is not intended to be limited
to the details shown. Rather, various modifications may be made in the details
within the scope and range of equivalents of the claims and without departing

from the invention.



12. The method of claim 10 wherein the plurality of position markings includes tolerance markings

wherein a por&%nz{%j;%gcﬁgsof the clamping fingers configured to be aligng%ﬁgigmi%g nge defined by at
least one of the réspective tolerance markings. 13. The method of claim 9 wherein the overlay

includes a plurality of layers, wherein ones of the plurality of layers includes a plurality of position
markings defining the relative position of at least two of the plurality of clamping fingers. 14. The
method of claim 1 wherein the reference tooling element includes a support structure configured to
support a workpiece during an ultrasonic bonding ®peration. - 20 - 15. The method of claim 14
wherein step a)\cludes nrQyiding the overlay defining the relative position of the support structure.
16. The method of claim 15 wherein the overlay includes at least one position marking defining the
relative position of the support structure. 17. The method of claim 1 wherein the reference tooling

element includes a pluralifheé Sempingingaeanddiir pRartstisrciunasdhel sappiorg structure being
configured to S”a‘?@%ﬁaicmvé% '%Rﬂ?a‘%%rﬁﬁ!%‘;@dﬂ@ ulasqnigbending ongralei-J8-dgspethod of claim 17

wherein the overlay In es a plurality of position markings deflnlng%fthetrelattlve rQSitiOP of the support
structure and at least Dh& DFERS AL AR EERNAR FRYERPIRVTFhE FitRSHOPUEAR 17 wherein the
overlay includes agituealia/topfageaismgherein ones of the plurality of layers includes a plurality of
position markings defigRgeihagd alativegeasitioaftenpswiihe pluralityaftclampisgfiagers.
combined with a corresponding portion of the overlay; and
c) adjusting a position of at least a portion of the subject tooling element

by referving to the overlay in the image.

2. The method of claim 1 wherein step a) includes providing the overlay
defining the relative position of at least the portion of the reference tooling
element with respect to at least one reference position of a reference material

handling system.

3. The method of claim 2 wherein the at least one reference position is a
position of at least one of (1) a portion of a rail member of the reference
material handling system, and (2) a portion of a riser member of the reference
material handling system configured for raising a workpiece in connection with

an ultrasonic bonding operation.

4, The method of claim 1 wherein step a) inciudes providing the overlay
defining the relative position of at least the portion of the reference tooling
element with respect to at least one reference position of a workpiece
positioned by a material handling system of the ultrasonic bonding system.

5. The method of claim 1 wherein step a) includes providing the overlay
defining the relative position of at least the portion of the reference tooling
element with respect to at least one reference position of a leadframe
positioned by a material handling system of the ultrasonic bonding system.



20.The method of claim 17 further comprising the steps of: d) positioning a leadframe over the

support structgvr(?'mu o (::% raising the support structure to support a portlg&%stg[%%%%%ame; and
f) lowering the clamping fingers so that at least one of the clamping fingers contacts a top surface of

the leadframe. 21.The method of claim 1 wherein step c) includes adjusting a position of at least a
portion of the subject tooling element by aligning it with at least a portion of the relative position

defined by the overlay. - 21 - 22. The method of claim 1 further comprising the step of aligning the
overlay with at least one reference position of the ubject material handling system before step b).

23.The method gf C'a'*ﬂl.@?n&h@&%ﬁ&gﬁnsi%%@m@@a@a?hﬁ%&%&@@k&ﬂ%ﬁ@k@gé}iﬁg g} least one

reference position q}‘,the overlay with tpe aé least one reference position of the subject material
handling Systemmar ing the relative position by way of computer input,

7. The method of claim 1 wherein the overlay is stored in 2 memory of a
computer of the ultrasonic bonding system. '

8. The method of claim 1 wherein the reference tooling element includes a
plurality of clamping fingers.

Q. The method of claim 8 wherein step a) includes providing the overlay
defining the relative position of the plurality of clamping fingers.

10. The method of claim @ wherein the overlay includes a plurality of position
markings defining the relative positicn of at least two of the plurality of
clamping fingers.

11. The method of claim 10 wherein the plurality of position markings
include at least one of (1) cross-shaped markings and (2} outline markings of

at least a portion of respective ones of the plurality of clamping fingers.

12.  The method of claim 10 wherein the plurality of position markings
includes tolerance markings wherein a portion of each of the clamping fingers is
configured to be aligned within a range defined by at least one of the
respective tolerance markings.

13. The method of claim 9 wherein the overlay includes a plurality of layers,
wherein ones of the plurality of layers includes a plurality of position markings
defining the relative position of at least two of the plurality of clamping fingers.

14, The method of claim 1 wherein the reference tooling element includes a
support structure configured to support a workpiece during an ultrasonic
bonding operation.



24.The method of claim 1 further comprising the step of aligning the overlay with at least one reference
position of a WOééBiece gositioned by the material handling system of th?c%%@z% m)%ég ding system
. hé

before step b)‘iV g ethod of claim 24 wherein the step of aligning thé overlay includes aligning at

least one reference position of the overlay with the at least one reference position of the workpiece.
26. The method of claim 1 further-comprising the step of aligning the overlay with at least one
reference position of a leadframe positioned by the material handling system of the ultrasonic bonding
system before step b). 27.A method of aligning at3€ast one subject clamp finger of a material handling

system of an ultjgsonig,banding S¥sigm, 1B8Method:comPHBINGNE SIRASAhe oveddyproviding an

overlay defining ad ?Smt n (r)flg,[ti\lfeastsi ne roe%fgﬂrggge ((:}In:?S u@ er; b) viewing an image of at least a
portion of the atq%a%f’%neesﬁbjec? gl%mp'?inger combined Wi a'corresponding portion of the overlay;

and c) adjusting a position of the at least one subject clamp finger by referring to the overlay in the
image. 28.A metlsod afaligeihgdosukject sSuppotistiuctivelepnfigudes 40 Isagipoet a workpiece during

an ultrasonic bopding PperaliNadhgrgetod satsising the glerRsort structure.

17. The method of claim 1 wherein the reference tooling element includes a
plurality of clamping fingers and a support structure, the support structure
being configured to support a workpiece during an ultrasonic bonding

operation.

18. The method of claim 17 wherein the overlay includes a plurality of
position markings defining the relative position of the support structure and at
least one of the plurality of clamping fingers.

19. The method of claim 17 wherein the overlay includes a plurality of
layers, wherein ones of the plurality of layers includes a plurality of position
markings defining the relative position of ones of the plurality of clamping

fingers.

20, The method of claim 17 further comprising the steps of;

d) positioning a leadframe over the support structure;

e) raising the support structure to support a portion of the léadframe;
and

f) lowering the clamping fingers so that at least one of the clamping
fingers contacts a top surface of the leadframe.

21, The method of claim 1 wherein step ¢) includes adjusting a position of at
least a portion of the subject tooling elerment by aligning it with at least a
portion of the relative position defined by the overlay.



-22 - a) providing an overlay defining a position of a reference support structure; b) viewing
an image of at [ ast a portion of the subject support structure combined with a corres ondlng portion

of the overlay a2 29§ adjusting a position of at least a portion of the scugféclfn{ﬁ'pép%rt structure by

referring to the overlay in the image. 29.A method of generating an overlay of at least a portion of a

tooling element of a material handling system of an ultrasonic bonding system, the method comprising
the steps of: a) aligning at least the portion of the tooling element with respect to a workpiece; and
b) generating the overlay to include at least one mérking identifying a position of at least the portion of

e oolng semest sl e sl iy e g g ncuces

at least one of (i“) A Cross- shage fmar in é% ano tline mar ére portlon of the tooling
element. 31. Th& Meth im 29 Wh 'ﬁ'?ﬂ {fed&s ”ﬁ%’?ﬁkf‘ %‘?ﬁ’ (e¥ & Blerance marking,
wherein the toleb&fte ?Fﬂrlﬁhg defines a range within WhICh the portion of a subject tooling element is
configured to be aligned.

23. The method of claim 22 wherein the step of aligning the overlay includes

aligning at least one reference position of the overlay with the at least one

reference position of the subject material handling system,

24.  The method of claim 1 further comprising the step of aligning the overlay
with at least one reference position of a workpiece positioned by the material
handling system of the ultrasonic bonding system before step b).

25. The method of claim 24 wherein the step of aligning the overlay includes
aligning at least one reference position of the overlay with the at least one
reference position of the workpiece.

26. The method of c¢laim 1 further comprising the step of aligning the overlay
with at least one reference position of a leadframe positioned by the material
handling system of the ultrasonic bonding system before step b).

27. A method of aligning at least one subject clamp finger of a material
handling system of an ultrascnic bonding system, the method comprising the
steps of:

a) providing an overiay defining a position of at least one reference
clamp finger;

b} viewing an image of at least a portion of the at least one subject
clamp finger combined with a corresponding portion of the overlay; and

¢) adjusting a position of the at least one subject clamp finger by
referring to the overlay in the image.

28. A method of aligning a subject support structure configured to support a
workpiece during an ultrasonic bonding operation, the method comprising the
steps of:



32.The method of claim 29 wherein the tooling element includes a plurality of clamping fingers. 33.

The method of claim herein the tooling element includes a support CLype )59}1? ured to support
the workp ecewiﬁ %ﬂéﬁﬁge%g#on with an ultrasonic bonding operation. 34.Trli§$arqneg1o]a of claim 29 wherein

the tooling element includes a plurality of clamping fingers and a support structure configured to
support the workpiece in connection with an ultrasonic bonding operation. - 23 - 35. The method of
claim 29 wherein the workpiece is a leadframe. 36. The method of claim 29 further comprising a step
of selecting at least one reference position on the 4Aaterial handling system for providing relative

position information f%? the atileash Qe BRHdRGind phtigdnethorri-clain 3G 8 ther comprising the

step of imaging the E%t east one reference position. 38. The method of claim 36 wherein the at least
Structire; o i i i
one reference posﬁlon i$ a position of at least one of (1) a portion of a rail member of the material
handling system, andRRY8"iBstih BrRag ks niasisePOt et it Rt RRY Ly et Ednfigured for
supporting the workprecevtrconneetipondiith porudtrasahecdverieingaperation.
¢) adjusting a position of at least a portion of the subject support

structure by referring to the overtlay in the image.

29. A method of generating an overlay of at least a portion of a tooling
element of a material handling system of an ultrasonic bonding system, the
method comprising the steps of:

a) aligning at least the portion of the tooling element with respect to a
workpiece; and

b) generating the overlay to inciude at least one marking identifying a
position of at least the portion of the tooling element after step a).

30. The method of claim 29 wherein the at least one marking inciudes at
least one of {1) a cross-shaped marking, and (2} an outline marking of the
portion of the tooling element.

31, The method of ciaim 29 wherein the at least one marking includes a
tolerance marking, wherein the tolerance marking defines a range within which

the portion of a subject tooling element is configured to be aligned.

32.  The method of claim 29 wherein the tooling element includes a plurality

of clamping fingers.

313, The method of ¢claim 29 wherein the tooling element includes a
support structure configured to support the workpiece in connection with an

ultrasonic bonding operation.

34. The method of claim 29 wherein the tooling element includes a pluraiity
of clamping fingers and a support structure configured to support the
workpiece in connection with an ultrasonic bonding operation.



39. The method of claim 36 wherein the at least one reference position is a plurality of reference

positions. 40. The method of claim 29 further comprising a step of sele%tir% glzt Iﬁ%ﬁg‘gge reference
position on th&’%&?f?ﬁ(f%zé)ésto provide relative position information for the Atleastone Mmarking, wherein

the workpiece is positioned by the material handling system of the ultrasonic bonding system. 41. The
method of claim 40 wherein the at least one reference position is a plurality of reference positions. 42.
The method of claim 40 wherein the workpiece is a leadframe. 43. The method of claim 40 further
including the step of imaging the at least one refe@nce position. - 24 - 44. The method of claim 29
wherein step b) includes creating the overlay to include the at least one marking identifying the
position of at least the Eortion of the tooling element relative to at Iei%ﬁfe reference position. 45. The

method of claim>29 whBFERFHIEP ¥)TAET 48 L EREETY SHEBIRIFRS 35 ISR S plurality of markings

identifying positions of a plurality of portions of the tooling element relative to at least one reference
position. 46. Thesmethadrmépledor2wheseinsiepcbninaudes arpasing ey etlapdo include a
plurality of markipgs identifdngRositionsotaRIHLR AR RedeRMAbinssopling elsment relative to at

least one marking i_d,enti_%in at least one reference position. 47. The method of claim 29 wherein step
b) includes creatifiy {He' (?é%l‘&?ciﬁéﬂfoti'ﬁeg"ﬂ?%ﬁtIg'é%%@?ﬁarking identifying the position of at least
the portion of the tooling element relative to at least two reference positions.

37. The method of claim 36 further comprising the step of imaging the at

least one reference position.

38. The method of claim 36 wherein the at least one reference position is a
position of at least one of (1) a portion of a rail member of the material
handling system, and {2) a portion of a riser member of the material handling
system configured for supporting the workpiece in connection with an ultrasonic
bonding operation.

39. Tha method of claim 36 wherein the at least one reference position is a

plurality of reference positions.

40. The method of claim 29 further comprising a step of selecting at least
one reference position on the workpiece to provide relative position information
for the at least one marking, wherein the workpiece is positioned by the
material handling system of the ultrasonic bonding system.

41, The method of claim 40 wherein the at least one reference position is a

plurality of reference positions.
42,  The method of claim 40 wherein the workpiece is a leadframe.

43, The method of claim 40 further including the step of imaging the at least

one reference position.



48. The method of claim 29 wherein the step b) creating the overlay includes identifying the position of
at least the portlon of the toollng element by way of a computer input. Eﬁ}‘% J&Q%Of claim 29
further comprlsmg VR s{’ep of storing the overlay in a memory of a computer e ultrasonic bonding
system. 50. An ultrasonic bonder comprising: a support structure configured to support a
workpiece during an ultrasonic bonding operation; a clamp finger for securing a portion of the
workpiece against the support structure during the ultrasonic bonding operation; an imaging system;
and an overlay configured to be imaged by théfimaging system in relation to at least one of the

support structurg and fe SlaRy Gl melinthep by asauiedoader ol ey wherein the

overlay mcludes a uteg ed overla¥1 onfl’gtur bt%é’ We d on.a qlsgoslg%of thr% ultrasonic bonder.

f
52. The ultrasonit Hgﬁ &F 8t Craint con @Srg {6 assist an operator of the

ultrasonic bondé¥f {oslsing %?%@'@F‘ﬁ?@%ﬁﬁfﬂiﬁtéﬁﬁdﬁf?@&ﬁﬁ RRE98mp finger in connection with
a position of the support structure or the clamp finger included in the overlay.

45,  The method of claim 29 wherein step b) includes creating the overlay to
include a plurality of markings identifying positions of a plurality of portions of

the tooling element relative to at least one reference position.

46. The method of claim 29 wherein step b) includes creating the overlay to
include a pluratity of markings identifying positions of a plurality of portions of
the tooling element reiative to at least one marking identifying at ieast one
reference position,

47. The method of claim 29 wherein step b) includes creating the overlay
including the at least one marking identifying the position of at least the portion
of the tooling element relative to at least two reference positions.

48. The method of claim 29 wherein the step b) creating the overlay inciudes
identifying the position of at least the portion of the tooling element by way of
a computer input.

49, The method of claim 29 further comprising the step of storing the

overlay in @ memory of a computer of the uitrasonic bonding system.

50.  An ultrasonic bonder comprising:

a support structure configured to support a workpiece during an
ultrasonic bonding operation;

a clamp finger for securing a portion of the workpiece against the
support structure during the ultrasonic bonding operation;

an imaging system; and

an overlay configured to be imaged by the imaging system in relation to
at least one of the support structure and the clamp finger.
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51. The ultrasonic bonder of claim 50 wherein the overlay includes a
computerized overlay configured to be viewed on a display of the ultrasonic

bonder.

52.  The ultrasonic bonder of claim 50 wherein the overlay is configured to
assist an operator of the ultrasonic bonder to align at least one of the support
structure and the clamp finger in connection with a position of the support

structure or the clamp finger included in the overfay.



