-1 - METHOD OF TEACHING EYEPOINTS FOR WIRE BONDING AND RELATED
SEMICONDUCTOR PROCESSING OPERATIONS FIELD OF THE INVENTION [0001]The present
invention relates to wire bonding systems, and more particularly, to improved eyepoint teaching
methods for use in wire bonding systems. BACKGROUND OF THE INVENTION [0002]U.S. Patent
Nos. 5,119,436 and 6,869,869 relate to wire bonding systems and associated vision systems, and are
hereby incorporated by reference in their entirety. [ 0003]In the processing and packaging of
semiconductor devices, teaching operations using vision systems are often utilized. For example,
before a wire bonding operation is performed on a batch of semiconductor devices (e.g., devices such

as a semiconductor die mounte ale I to." ) yepoint (or
multiple eyepowﬁ&) gep s%mp'?e %'awce g@ﬁé{g&% ﬂ%\aé gg&%egfgé?r%%n p?w%/%elcal data related
to the sample device is storetFEIGONPHET %ﬁﬁ%&ﬁémﬁﬁp&m%hma This physical data is
used as a reference during processing of the batch of devices, for example, to ensure proper
positioning or alignment of each of the Betch ©F SEMIMFILERY devices to be processed (e.g., to be
wire bonded). [0004]Thus, in the context of a wire bonding operation, a wire bonding machine uses a
vision systetQ8Y., a PatterarreeabiRisiPSyiates & wiredors e winesiagsy iight pattern (e.g., an
eyepoint, a fisitieiabratctd fepeadigdirgeaseméeohidy ctatideld cer aieintvispiesdintedyatdms.bond site and
before the wires are bonded (e.g., before the wires are bonded between the semiconductor device and
a leadframe supporting the semicorshaiGrdenDe)r THElINVBEITYOEN eyepoint is taught on the wire
bonding machine based on a sample device where an operator targets an area on the sample device
with a teachfpsadqw. Cedanretentamniional tecimsigue s (859, sadgatittenns hwakehosdthgn conjunction with a
vision SySteg&é@ﬁ@%&%é@éﬂ@@@iﬁ)ﬁﬁ@%@éms, and are hereby incorporated by reference in

their entirety.

{0003} In the processing and pacikaging of semiconductor devices, teaching
operations using vision systems are often utilized. For example, before a wire bonding
operation is performed on a batch of semiconductor devices (e.g., devices such as a
semiconductor die mounted on a leadframe), it is typically desired to “teach” an
eyepoint {or muiltipie eyepoints) of a sample device. By “teaching” the sample device,
certain physical data related to the sample device is stored (e.g., in the memory of a
wire bonding machine). This physical data is used as a reference during processing of
the batch of devices, for example, to ensure proper positioning or alignment of each of
the batch of semiconductor devices to be processed {e.g., to be wire bonded).

[0004] Thus, in the context of a wire bonding operation, a wire bonding machine
uses a vision system (e.g., a Pattern Recognition System or PRS) to find a previously
taught pattern {e.g., an eyepoint, a fiducial, etc.) for aligning a semiconductor device
after it is presented at the bond site and before the wires are bonded (e.9., before the
wires are bonded between the semiconductor device and a ieadframe supporting the
semiconductor device). Traditionally, an eyepoint is taught on the wire bonding
machine based on a sample device where an operator targets an area on the sampie
device with a teach window. Certain conventional techniques (e.qg., algorithms) are
used in conjunction with a vision system to scan the targeted eyepoint.

[0005] One conventional teaching technigue relates to scanning the sampie
device {e.g., a selected portion of the sample device) using a normalized grayscale
correlation system (i.e., NGCS). Through such a technique, grayscaie values are
assigned based on what a vision system detects is present at each location, For
example, when a bond pad of a semiconductor device is scanned grayscale values are



[0005]One conventional teaching technique relates to scanning the sample device (e.g., a selected
portion of the sample device) using a normalized grayscale correlation system (i.e., NGCS). Through
such a technique, grayscale values are assigned based on what a vision system detects is present at
each location. For example, when a bond pad of a semiconductor device is scanned grayscale values
are - 2 - assigned to the scanned location. After the desired region is scanned, a library of grayscale
values (associated with corresponding scannedpositions) is stored. When the actual semiconductor
devices of this type are to be wire bonded, the vision system detects the grayscale values at each of
the scanned locations and compares these grayscale values to those stored in the library during the

teaching progess.0PARIANANGY anKeNRNg iRaGtiNgd EhNIONS LSlRlEs L0jgRaning the sample

device (e.g., a selected ggrtlon of the sample device) and etectln individual e \%S defined within the

scanned re%’%‘fﬁ?‘& VRN BReE A A NAYh L ERAAG) "gl'ﬁ%'ﬂbeﬁj é’ﬁﬁ'ﬁ Ve TYTE, VANEs are defined
based on whaRatyasisHsRidRt e tEs s HRISEMP IR Eatth D6 Ve ROTSH e leaWIeNBHE#M bond pad of a
semiconductaede esgisgcakrnathanat dgeh vl the iscassignectothe stanmnedrtacatisn. After the desired

region is scanpediAdiiaryahedoasallestassesiaiadindtiieorsshangiessanned positions) is
stored. When the actual semiconductor devices of this type are to be wire bonded, the vision system

detects the g yaluesbaachaliiscanngg; ke;camnﬁqaa%ma&n@@%mﬁ@qw@%%te those stored
in the I|brar¥ dur| gthe tearct&eﬁgé) cess 0007 g{eltlgerg e econé/eratlo?a methods, a
ach de

1on 2 5a 1ng N
Welghted score IS gl%én tO e VICE e WII’ ondea ere teh écore IS a un% ion of a

comparisorf8fRe ‘f&h@hf@aﬁﬁﬂéﬂé’?ﬂf@‘t& &eQSEﬁJQF%{/R@rﬁf%E’Wﬁ%%nJ@H"W?ﬁé‘%ﬁre exceeds a
certain threstwohiaiueithe devietnis desebrabidhantl Vidlbbeystenrdetsdtedsarastns boeetd): however, if

the score isihelowm thethiasknd wrdde BaHo matier eparaliondypicodydeas aehsentnuagéor example,
the °peratoCM$%QQH&?%QR&%A%§%&%EU%%rr ﬂéHQé?él}J%HR%H%%@%%Q% may be

attempted to obtain an acce tq ted%q{e Eggtgggistl|| an aIterng e g ?sflg@onge (A{cover%sequence
may be attemﬁ?ga [%bffB ?f’n?gﬁuenate SAEE? ﬁq’ﬁmﬁ'er 819 robienis aesociated Wl} each of these

conventlona’lcfééh‘iﬂﬁué’é‘d}ﬁ\cﬁ’r'awﬂ‘é?sréaﬂﬂf B\f%%?ﬁ?c'iﬁw'?.ﬂj%? B‘é’?ﬁ@ést&eth'élf’alﬁ\é?@m devices from the
same batchd@edsTdeed dzatehes rireegtestitn gHferahtocsiaisrop ectims msehasovaghethey are

considered tacdae shesamesleviss andiave thasr@eelaetiical functional properties. For example, the
surface color or texture may vary from device to device. Such variations may arise due to slightly

different fabyiggdiPn processg:isathbihtiae diffpseidmipRlietsiof he:rme device.gaushyariations
often result in deyices @%%%P&%n%ﬁeﬂﬁ%f% £ ‘BPA E%%RL%%E G %eEmp%an&OHPtﬂea”d reflectivity

(e.g., non-linear variations in ref ectm% Thus, te scores that resutfrom conventional
pattern matcAMHgELRRIGIEY S Be 1 @rq?é(tgdgeb 8 [fcﬁ%gﬁgtl%ghfesﬁore BT8R differences in
reflectivity of¢fiaitEvieeeh 3l ¢vitap Bfiieryis-gcceptable and will be processed (e.g., wire

bonded); however, if the score is below the threshold value, automatic operation
typicaily does not continue. For example, the operator may be notified of the low
score. Further, a subsegquent location or eyepeoint may be attempted to obtain an
acceptable score. Further stili, an alternate algorithm or recovery sequence may be
attempted.

{00081 Unfortunately, there are a number of problems associated with each of
these conventional techniques. A practical reality of semiconductor devices is that
different devices from the same batch {or different batches) may exhibit different visual
properties even though they are considered to be the same device and have the same
electrical functional properties. For example, the surface coior or texture may vary
from device to device. Such variations may arise due to slightly different fabrication
processes used by the different suppliers of the same device, Such variations often
result in devices that appear quite different from each other in terms of contrast and
reflectivity {e.q., non-linear variations in reflectivity). Thus, the weighted scores that
result from conventional pattern matching technigues may be lower because of such
variations {e.g., due to the differences in reflectivity of the devices to be wirebonded



when compared to the sample taught device). Therefore, although scores are typically used to omit
false finds, conventional pattern matching techniques (e.g., NGCS systems, edge-based pattern
matching systems, etc.) tend to result in scores below the threshold value even if the device is
acceptable for further processing. Another problem resulting from such variations amongst
semiconductor devices (e g, surface variations among the devices) may be an undesirably low mean
time between assists (i.e., MTBA), leading to wer productivity of the automatic wire bonding
equipment. [0009]Thus, it would be desirable to provide improved methods of teaching eyepoints for
semiconductor device processing, and improved methods of processing semiconductor devices using
the eyepqjpis, &M@t@séﬁhﬁe'M\!@-NE&QE&io&m]é@@@rélﬁgzl@taaceaé@m@&wawmodlment of the
present invention, a rp(? mdg tc%g\(":g!‘tc] an e %lmaf&% é@hl?\?clﬂ'ﬂ@&%oeﬁ@&n is provided. The
method |ﬁiﬁﬁcﬁé%°(f} fEc iNng ‘a group o a Es from a region of a semiconductor dewce for use as an

eyepoint, SR m&%@%&ﬁwﬂ% Wéﬂﬁ?ﬁq&ﬁﬁd QEIJfﬁwéeﬂgHB PrEANENL0F (a) a sample
semiconductshde visies evéb)ifitedecsitaisadadatabie ettt e st ddemsheevice. For example,
such predgisgigined dang iy Qrmvakationatantengst Cablcdataichistbreaisdatg., stefcer may be

predetermined;ing g%skitqsgemgﬁwmwJadté@rs@a,cmww@pumm@sémﬁe&o includes
defining locations of eac he sha e%w% h respe;_‘ct to ane gnottpeeggkoqml Acc%rlg g to another
exemplarﬁ‘é*mlggg’f?ﬁeﬁla‘a‘f‘ﬂw@ b‘?‘é’ge folnl\j/%r‘\’t'tgn a méth operatlng awire bon Ing machine is

provided. The method includes (1) selectln%nfaégrog 0 sha es from 3‘0% 3 acg semiconductor

device forHPQ93E an eyBpbifk gHH & 185E vide im o

eeye e wire Ing machine using at
least one emaf;satsénﬁm@genm@ﬁaee‘r&EdéméS*aﬁ (l)‘ f@ﬂ@?é’ﬁﬁuﬁ‘éﬁ‘ﬂ%ﬁe? Bfaféast'agthe
semicondyeiiesienicer dhadeacmodisteyenciides defining locations of each of the shapes with
respect to one another. The method also includes (3) indexing a first semiconductor device configured
to be wire bonded into a predetermisedipagitiof TENRIVENT @M ding machine, and (4) scanning
selected portions of the first semiconductor device using a vision system of the wire bonding machine,
the selectgqd@psjons caresfmngdinsntexireplangérhbyeipaint. BRIEFSESGREPTION OF THE
DRAWINGS, 4401l a e inuipinn ishesindattaashetiie flevdag desatleshetescription when

read in conn(?célon ¥\Slth th Inaccomgawlg%ggwmal%&gp@@&m&%@pgg@g@gﬁo common

practice, tHeVEous’fea ureg of'the drawing are not to scale. On the contra the dlm%nsmns of the

various feaHtR&s a'i‘ee‘é?ﬁ‘i’ﬂfﬁflﬁ?‘é%)amé?f?ﬂ SIEERP Yo R RS ARNTR TR ged?gl g are the

following figasesne of (a) a sample semiconductor device, or (b) predetermined data related to
the semiconductor device. For example, such predetermined data may be a priori data
(e.g., CAD data, historical data, etc.), or may be predetermined in that it is determined
just prior to the teaching step. The teaching step includes defining locations of each of
the shapes with respect to one another.

[o011] According to another exemplary embodiment of the present invention, a
method of operating a wire bonding machine is provided. The method includes (1)
sefecting a group of shapes from a region of a semiconductor device for use as an
eyepoint, and (2) teaching the eyepoint to the wire bonding machine using at least one
of (a) a sample semiconductor device, or (b) predetermined data related to the
semiconductor device. The teaching step includes defining locations of gach of the
shapes with respect to one another. The method also includes (3} indexing a first
semiconductor device configured to be wire bonded into a predetermined position of the
wire bonding machine, and (4) scanning selected portions of the first semiconductor
device using a vision system of the wire bonding machine, the selected portions
correspanding to the taught eyepoint,

BRIEF DESCRIPTION OF THE DRAWINGS



Fig. 1 is a top view of a portion of a semiconductor device in accordance with an exemplary
embodiment of the present invention; Fig. 2 is a top view of a portion of another
semiconductor device in accordance with an exemplary embodiment of the present invention;

Fig. 3 is a top view of a portion of another semiconductor device including an eyepoint in accordance
with an exemplary embodiment of the present invention; Fig. 4 is a top view of the portion of
the semiconductor device of Fig. 3 with certain.ageas masked in accordance with an exemplary
embodiment of the present invention; Fig. 5 is a top view of a portion of another
semiconductor device including an eyepoint in accordance with an exemplary embodiment of the

present inveg§eR;  Tne iiBGdS & KRB \iRue LSRR iR SFBISAAAUEIRLARYISE of Fig. 5

selected as an e¥eE|oQ|nt in accorda,n]%:e with an exemplar% embodiment of the present invention;
when 1e

Fig. 7 is a cOrrecied versiom ot the” %yé'ﬁ%ﬁi%maeng'@ﬁﬁjé WiRetdt BSTEE B 8Y “5n accordance with
an exemp|d5FRitBB AR REFERSHE MYERIisatures of theryagingatepaidnsedithedportion of the
semicondutteraevios chEgjmewitihcef thin erdas Mmaskes anacbardalpce:putia anoe xeinplary

embodimentpEheyPresda e BRiORawing are THd NS RJaRvieY Of a portion of another
semiconductor device including an eyepoint in accordance with an exemplary embodiment of the

present invention; -5  ig. 1 isRiGed QilSvAtAPpYRHAE: RORIRE-ATERS SeVNeanduGiRLAgVice of Fig. 9

sglecteql as af,evens mjng%c%%%%tv@@h%n exgrq@%g%ggnbodiment.of the present invention; .
Fig. 11 is a corrected version of the eyepoint gfrt & semiconductor device of Fig. 9 in accordance with

an exemplary embodim%%t‘(}f ighg tg‘(_,esent ipventi

View Of a porggd of another semiconductor device in
accordance with an exemplary embodiment of the present invention;

Fig. 3 is a top view of a portion of another semiconductor device
including an eyepoint in accordance with an exemplary embodiment of the present
invention;

Fig. 4 is a top view of the portion of the semiconductor device of Fig. 3
with certain areas masked in accordance with an exemplary embodiment of the present
invention;

Fig, 5 is a top view of a portion of another semiconductor device
including an eyepoint in accordance with an exemplary embodiment of the present
invention:

Fig. 6 is a top view of a portion of the semiconductor device of Fig. 5
selected as an eyepoint in accordance with an exempiary embodiment of the present
invention;

Fig. 7 is a corrected version of the eyepoint of the semiconductor device
of Fig. 5 in accordance with an exemplary embodiment of the present invention;

Fig. 8 is a top view of the portion of the semiconductor device of Fig. 7
with certain areas masked in accordance with an exemplary embodiment of the present

invention;

Fig. 9 is a top view of a portion of another semiconductor device
inciuding an eyepoint in accordance with an exemplary embodiment of the present
invention;



Fig. 12 is a top view of the portion of the semiconductor device of Fig. 11 with certain areas masked in
accordance with an exemplary embodiment of the present invention; Fig. 13 is a top view of a
portion of another semiconductor device including an eyepoint in accordance with an exemplary
embodiment of the present invention; Fig. 14 is a top view of a portion of the semiconductor
device of Fig. 13 selected as an eyepoint in accordance with an exemplary embodiment of the present
invention; Fig. 15 is a corrected version of the eyepoint of the semiconductor device of Fig. 13
in accordance with an exemplary embodiment of the present invention; Fig. 16 is a top view of
the portion of the semiconductor device of Fig. 15 with certain areas masked in accordance with an
exemplary embodiment of the present invention; Fig. 17 is a top view of a portion of another
semiconductor device inElddifyHh BPefdmtin ARERuAhE TR PrexersiarFeAiGidifent of the
present invetfiRsTed as an eyenging @ 3csonsinAew bt tnecegmpaint pobodimenths Semieseaductor device of
Fig. 17 with iceetainrareas masked in accordance with an exemplary embodiment of the present
invention; Fig. 19 is a top view of a semiconductor device including two eyepoints in
accordance with an exerrplary smbodwogat\ekilve preseal/upstianhe semiconfig:of@dsia top view of a
portion of seyisonsliciersiexice NRAYRLIRAJBRATAME IR ArSR'HRNEE W ARgxemplary embodiment

of the present invention; - 6 - Fig. 21 is a flow diagram illustrating a methdd of teaching an

evepaint for a wire bondiag. apetallaf e ceilance Wi A eXemplRN SheYmepLal e present
invention; agg Fé%ﬁ%%lsi&lﬂow dlagggm lllustrating a met 08 o?operatln a re]bondlng
[

SRR Ta S empIaTy Smbodimeit SFTMe BresBINPHIMERTiGh the present

machine in accordance w
invantion;

Fig. 13 is a top view of a portion of another semiconductor device

including an eyepoint in accordance with an axemplary embodiment of the present
invention;

Fig. 14 is a top view of a portion of the semiconductor device of Fig. 13

selected as an eyepoeint in accordance with an exemplary embodiment of the present
invention;

Fig. 15 is a corrected version of the eyepoint of the semiconductor device
of Fig. 13 in accordance with an exemplary embodiment of the present invention;

Fig. 16 is a top view of the portion of the semiconductor device of Fig. 15

with certain areas masked in accordance with an exemplary embodiment of the present
invention;

Fig. 17 is a top view of a portion of another semiconductor device

including an eyepoint in accordance with an exemplary embodiment of the present
invention;

Fig. 18 is a top view of the eyepoint portion of the semiconductor device
of Fig. 17 with certain areas masked in accordance with an exemplary embodiment of
the present invention;

Fig. 19 is a top view of a semiconductor device including two eyepeints in
accordance with an exemplary embodiment of the present invention;

Fig. 20 is a top view of a portion of semiconductor device bonded to a
leadframe in accordance with an exemplary embodiment of the present invention;



DETAILED DESCRIPTION OF THE INVENTION [0013]According to an exemplary embodiment of the
present invention, a method for generating a geometric feature-based pattern used for positioning
and/or alignment of semiconductor devices in wire bonding equipment is provided. The method
defines a technique for generating an eyepoint using invariant features of the patterns on the
semiconductor die surface. Such an approach increases the robustness of finding the pattern on
semiconductor devices that have certain variatiogs (e.g., variations in surface reflectivity). Further, the
generated eyepoint may be constructed using synthetically created features (e.g., using a priori data
such as CAD data) or can be extracted from the actual part image. Unlike traditional PRS systems
(e.g., grayscale pattern mpatching, geometric paftern_matching), the proposed method effectively
captures the invariant _fergﬁ'rec% _i%gi%gwa:%l?%rg@e{&sﬁ%@gl ?emg%gfjo?ép RTUNS ATeFHERY'BE We wire
bonding maRili8)°erELE FRASATE THE AEATARETtnRR R %éyr%‘l‘%ﬁmmﬁ of trrenrRsaniant features
with respect¥estienaidther) is more robust for handling device variations in an automated wire
bonding production environment in comparison to conventional techniques. [0014]Eyepoints generated
using the various exempféy 4aétladisvdisdmse dhgreimmayrstrus el @eaiprnaaryeyepoint or backup
eyepoint in adiRfy fesexamplecosipg-packiniernatiohkipreabsligeamelic prsshape information)
learned duripgdihe,gyepoint teaching process. The generated eyepoint (and the region of the
semiconductor die) may be selected (1) automatically by the PRS by choosing a region on the
semiconductor device that has 9%L%dw6mw%i%%oﬁ region including a vertical row
of pads and a horizontal row of pads), and/or (2) at least partially through operator intervention in
choosing thotpr9n Witk SAALIIRIIATNJOONlN aheampie whelg e, PRS automalically
generates trrlgegyo%opmt, sha%es e.g., bondépa shapes of any typg such as re_c?ahgular, octagonal,
round, etc.) And relatve TOCaTIThE BT IMEShapRY A5 958 BRESIRErTbrr PRsitiatine ¥8eTe.g., CAD -7 -
data) througH SRt RS PRt rERN § Qe DNt dilkendite remtivelsntsachiositege Stand relative
locations of tiwshiagrds)ermiebe exi dotee rautomaticaliepusingsayisiesrisystemuraiier glaserving the
sample devisadhs sufficianthicampletadigipbaeseionan ahthssseironduciar die fite
predeterminghigige daia s ayplahles AN AlgUhmITRY. be Used b seledt appropriate

. rtain vatri .
shapes/features for inclusion in the eyepoint, and then agorﬁﬁm may Bell é& d bind the selected
shapes/feattifeS134eth &P 8. TSHY e rEYEHRRL phSiG6RR Bietheversipb SRt FRSFYSIER such a
method a "vi§ifAIes¥hedenly preetessiepturas o fflinsipeoy raipmiatp methes L Dpranaidedaarhich utilizes
little or no |esrixgartivitynothihecisedaandergits el @ eadisendl mayshadesied,fo confirm an

eyepoint taughy siagsuch abeiinge poskan Wilka-sanpledevice Radhryitepanding machine. In
such a V'S'OQ@%JQQ%&}QE] erpﬂelt ma bgfga%%glg t% (reea%uice the ref%uwe ents of the optical system of

= e InvaHan odel ity S YRHIBAsion

. : age. A
a wire bondln% machine. This Is because wire bonding Machifes o

systems, soMeETRES WA VIR AGIEGRac R grentedivfineh BrdRY IH3pE fRotHTEh &8t operation:;
however, if FREHCAERIBPEIRRIBYANERS feerivemetiiimesnesionless anatire) msingeprenexisting data, the
complexity (amtitesevfdheavisionssyisianmoasthe iaekiseskirghRXRAGIRIE cHYidoWiepanding machine

that conven@gn@gy;mwgm%gi@mdgggls (two optical systems such as a 'high magnification
system" and a 'low magnification system"), the high magnification system may be able to be omitted

from the wiredanfing magaiadbis. e besihe FRSRRESAUSE R Yighmagnlialn system is often

used to obtqgn detailed, views, of taught area, such as the small (e.g., sub-pixel sized) gaps between

adjacent bongfsgofgéﬁgggrsﬁfﬁastg BRI EXERRPLY %Efﬁlﬁ’(?dﬁ‘f%ﬁlqu? thERr8ERAMRIBion, using a
"visionless" E4ENRAG [BEREEWELG, SfbeiivRraRHit Heshersriioragtionbleaured siufres ¢bst of the high
magnificatiofyspsteintg a0 D] incass e Tampiaardtetccpperatofaintansenrtian & tidized in generating the

semiconductor die) may be selected (1) automatically by the PRS by choosing a region

on the semiconductor device that has good pad geometric information {e.g., a region

including a vertical row of pads and a horizontal row of pads), and/or (2) at least

partially through operator intervention in choosing this region with desirable pad
information.

[0015] In an example where the PRS automaticaily generates the eyepoint,
shapes (e.g., bond pad shapes of any type such as rectangular, octagonal, round, etc.)
and relative locations of the shapes may be obtained from the device data {e.g., CAD



eyepoint, the operator may be assisted by an accurate motion system and a calibrated PRS. For
example, the motion system and PRS system may perform a teaching process (e.g., a bond pad
teaching process) based on parameters provided by the operator. Such a method may be utilized, for
example, (1) when no adequate description of the semiconductor device is available, and/or (2) when
features without a well defined geometry are to be included in the eyepoint. Such a teaching process
may involve, for example, moving to each of the7desired shapes/features in turn and acquiring the
desired data from an image of the desired shape/feature. Once all of the shapes/features have been
taught, an eyepoint may be established using the combination of the taught shapes/features and their
respective lgsajensipasiines-withircgresalishedfmnaef raterracsy; 3100 trdBagardiess of how

the eyepoinf %t%%ﬂ%?ﬂ?ﬂs gL Q(%E%Q?HQQ B AGEr3Rt &ﬁ%ﬂﬁéﬁ?'%ﬁ%é\%rp%%g@%ad size, bond

pad location, sha arity and other properties are available insidée t RS system. Further,

besides theAghiA ‘é’ﬁéﬁﬁ ?ﬁ%‘?kﬁﬁﬁ%‘ﬁe(eléa FHERGIBTRY B%Walﬁtﬁdjgﬁtgbgﬁ?ﬁb?ﬂ?ﬁt%ﬁ?ethe geometric
relationshipsgatiffaeiateo stedhapPsedels rietd dev ah 65 bismy piéddy. map iapsthse optaiAed from the
motion systesactiddelecadputated sing HFddRes ystemiufdod 8] Asesyggesie daboea, thethe taught
region (e.g. aI&ﬁ-i%%@tbe%W@iSﬁHYtﬁé%@@&éi@%%@%ﬁﬁgy@d’@&ﬂ@‘:@e i@f%m%ﬁ% regarding real

shapes/pad image ba {I;i Iu) ore s eC|f| all ch sanhet cally created
sha\pes/padrseéf;‘:(‘aV % g\ﬁfﬁon ?%Qe S%a o ab re’\itasrse‘ agtea r%é%%mlcoﬁgﬁgtlg?sc}éwcﬁe (e.g., a priori

using avai
data such a8'@&f é'a"(a)arS‘iJ%H‘%ﬁﬁ?ﬁ@f‘&%\‘l‘@ﬂd@é‘f@d)Sﬁéﬁ%ﬁﬁﬁﬂd@‘ﬁﬁﬁjﬁﬁsa{'%'@tfﬁrnf’epresentatlon of
an average [shepedFat Wecaude iveentade dftHe genersizédoharactesistitirabnlimerous
shapes/padsy@thpeitansid edhcaitaimdeiesisal aisamplenprvieeitbanaywatherwise be used to

teach an eygpQift). EHEH}?J PAYEH 9‘%’6‘&\8529@3@!9%%% My N& Y8e 4l IBipaLe. reHAln areas of the

selected regi]on of the se onductPr device that_te chan frorq_devlqb odewce Further still, a

e%wre ments o t tl?ﬁ stem of g wma inhe
teChnlque W gives more W a certain reg Ion 0 e semlconduc Or Vlce e g.,a perlpheral

pad area of ?ﬁé%‘é)%@ﬁﬁ%ggﬁr’téfﬁ%r@@&@’b‘l"ﬂ‘fé"cﬁ@‘i@é‘hé?"ﬁﬁ‘[ﬁ@éd"tﬁ’ r‘t‘PdP(é‘@H%"éS?epomt more
robust. [0018] g shegpes.ifclrdedtinpiré® ge nbedtedheyppotins; dssarding ftththegmresent invention

include, for gxammpla, ReBGHasBERRES vBISHRS hRoNd Rads thallesmma Radiens traditional eyepoint
shapes (e. guo?nﬁfé%ﬁ&/ gy E@t?u?%%ao%tg 1 SHCHI B@'FQ&:QQ ingdl aDaRgL2NOLQ)Arbitrary surface

features on the die that are distinct, amon })o hers. Further, two or more of these or other)

exemplary sﬁ%ﬁé’@rﬁ“ﬁf%’é%%?ﬁﬁ%é’a%?qﬁHﬁ%ﬁ%ﬁﬂ?ﬂéﬂ%ﬂ?@d%}?@p&%‘i FIEBOTIHE R gorithm used
to establish HHEGRFep O haRE HItAHR S YRIPAD ST f A YRR S BB RESS IR BY il g ) a minimum
number of shegesitetinresraayrias pecthitarnbinechimedriralyahithaireadnohdutre mihignpretatermined

number of shagesifertuses has keendtaahhdherrigentbpmayneye is-anethaspaitianeaf the process
such as calcylafing EQGJ%&%%] s%ﬁ%% Eﬂg%ma%h(%pg%/ %?e? iy r8§9§82£9e%4r9z§%% of reference

and/or with respect to each other; nlnﬁ; ertain s apes/ eatures as required during the teach

process sucRYG P il FERHE M5t 8%‘53%%5&% %\ffg?ﬁ%e%n&é'?‘f?é‘tfﬂ@ eyepoint; (3)
employing a¥segRtidigispersnieasbinrgriveestairBispisMadtore Sufesfice fewWei§REUsasEd on their
respective citicatitiest cieptigali chabiitiesivvharaesnrh a weighting system is used to define a score -9 -

[0016] In an example where operator intervention is utilized in generating the
eyepoint, the operator may be assisted by an accurate motion system and a calibrated
PRS. For example, the motion system and PRS system may perform a teaching process
(e.g., a bond pad teaching process) based on parameters provided by the operator.
Such a method may be utilized, for example, (1) when no adequate description of the
semiconductor device is available, and/or (2) when features without a well defined
geometry are to be included in the eyepoint. Such a teaching process may involve, for
exampie, moving to each of the desired shapes/features in turn and acquiring the
desired data from an image of the desirad shape/feature. Once all of the
shapes/features have been taught, an eyepoint may be established using the
combination of the taught shapes/features and their respective locations/positions
within an established frame of reference.



of a semiconductor device to be processed; (4) if all of the desired shapes/features selected for
inclusion in the eyepoint fit within a single held of view of the vision system (e.g., the imaging camera)
then a single find operation may be used to locate the eyepoint; (5) if the desired features can not fit
the field of view, individual features (e.g., individual bond pads of the eyepoint) may be located after
which a complete taught pattern (e.g., including the relative locations of the individual features) can be
obtained from combining the data of the individaally located features; and/or (6) applying multiple (and
perhaps redundant) teach algorithms during the teach phase to improve reliability. Any combination of
these strategies (amongst others) may be employed within the scope of the present invention.

[0021]Fig. k49 £7top Viewegtaaﬂ@%f&@ﬂm SRNUCORAMCIOE SRvied] BRdtheeilbisiratg@Restion is the lower
o o SR B1-RERs AN Sl D S IOURAROH G RSP LAE YRR 0D oS @
ou

number of BT pads arran evice. For exa bond pads

eriphery o
include bon‘lﬂ?&étéeiﬁff'aa‘i% B'elﬁﬂﬁe i%‘gaiﬁb%e%o?uﬁﬁr DEBGRS 1508 ”%‘8}‘%6?%’%01 and 100m.
Semicondutformietitod9.00 iiduifvelled éﬁ‘é&hﬁ@@iaf?m@ﬂh HirceRPreRfiimre9romesis known to those
skilled in theeakz<tirgitéd €gipAS @y semedntivstiasataviedenthy alse micorduetiaraie)may include
wiring IOattem,oﬁogﬂ\g{é%q\g%!gp@&@%ghg,H hgpggg]g, QIger to process semiconductor device 100

on a wire bonding machine (e.g., in order to bond wire oops between bond pads of device 100 and a

second bonﬁaqéﬁcatlomy@agggéﬂaﬁ sesnhhanding decation gy, %'@?éb%ﬂﬂ a leadframe on which

device 100 is mount(ﬁd crga'tse eswe}esleat allgvdsemé%gndfggrt%n %\{_é:ge ﬁere bacpdlng machine
using an ey 6‘65}%@3 ﬁrewousl (G the wire g machinge. a(r)diJ c%urse @swe for such

alignment aﬁc&ﬁle@&‘ﬂ%éﬁ%%@ﬁ’g@ﬁich\‘i’d%éP@F‘ﬁFﬁ’&és%'tﬁ@ etk sRatRfing, for example, stud
bumping, disntpdipadsadeandiiigdbspstinaveiaviredstampiiet pstietce[00o3] g adidevissed above, a
practical reality of spidtcanguctardeicasis thaldifiejenteesigrseatay swpbitgifferest properties even
though they, (e LRONIGIERIBNEIEP IR AR nEAL BXATIRIR.CEIR risAdan Wigw of a portion of

another semlcon uctor device 2 Semiconductor d eV|ce %ﬁ rovh ed %¥adlfferent

manufacturdP IR VBB 06 5 Fig M D R ONS BT RS eréap Wit

JAMeE device as semlconductor device

100 illustrateefeate Ry 1spomeHeviserd|sé ARe Sher e Borraf frifachine cxtRAiaP to#HEBbnd pads of
semiconducsesrde viaekiiiesaniioen cagtoe destice 200 ke desain rueabef Glebwmiwdtpdds such as bond

pads 200a, 200k, 200e.2RRbra088r 28Rk 2RR0e2EQB.cREREe2RNA 200K t288icanee(Rm. Further,
similar to cirgyt reg %ﬂuaﬁ]v%cﬂs%@!‘%&%g g?\?%'%OEE%Q#O:%&%W%?tgzggeﬁ%&%%\"Ctor device 200

includes circuit’ re 1ons From the viewpoint of a wsmngsgstem CII’ It reglons 102 and

104 of semi@8HaRIET B PREPIBE A5 RS SRS ShporEats'art gn%aﬁgv ¢Gfhmon physical
appearanceag\wewsrddecnaketbt vatREIUNDMRtFRPYEace of the two devices (i. e dewces 100 and
200), the same vision system may see circuit regions 202 and 204 of semiconductor device 200 as
including nuES&ARKE discrite Pertsac FnddrdimtenassoiaRrTipEcHRURrE e is viewed as
including portiengiad 2aule 2 aran202 tam pad) shaplkesr gyol ke isedciratitthegiom?264 includes
portions 204&@@%%@5}9&%&@@%&%@5@5 LOQ%QJTQléﬁcewmleq%epelcaa@ugtemqﬁv'ce 100 and
semiconducior Sevick-202.21z OBl anAl e ARIc. BRRALSS BLOTE e JABRLS potentil

reasons (e.g., L Hace Color, Surface texture Petc e vision system sees them as quite different. Now,
assume that%é%ﬂﬁ’?or@%?é B%ﬁﬁfﬁﬁ"éﬁ@%ﬂﬁﬁel&"fa?faﬁ@L%?‘@%aﬁb?%ﬁ%é?ﬁ%%ductor device
100 includingeeiiinicr égiog!¢€encn titMasTereit ytirainto process (e.g., wire bond) semiconductor
device 200 using the eyepoint taught from semiconductor device 100, a number of potential problems
may result (@020 scor&horigeritiunndert toragtalitish200 despejivetaw iaduresholdnvaldd even though

the device issreaentabiadail miexpratesaing, Mnitnde siiaky-lonsMiBAdanaevieasisuch as
SemiCondUCtgnreggt\éiﬁﬁir?e(%Qnedtrqgigorlthm, and when this predetermined number of
shapes/features has been taught, the algorithm may move to another portion of the
process such as calcuiating the location of the taught shapes/features with respect to a
frame of reference and/or with respect to each other; (2) defining certain
shapes/features as required during the teach process such that a failure to locate such
features may result in a failure to define the eyepoint; {3) employing a weighting
system such that certain shapes/features are given weights based on their respective

criticalities or predictabilities where such a weighting system is used to define a score



[0025]According to certain exemplary embodiments of the present invention, an eyepoint is selected
with the intention that the eyepoint does not vary from device to device, regardless of differences in
surface color/texture and the like. For example, a group of shapes from a region of a semiconductor
device may be selected for use as an eyepoint. When teaching the eyepoint to a wire bonding
machine using a sample semiconductor device, locations of each of the shapes with respect to one
another is defined. [0026]For example, Fig. 3 ilustrates such an eyepoint selection in accordance with
an exemplary embodiment of the present invention. Fig. 3 illustrates semiconductor device 300
including a number of bond pads such as bond pads 300a, 300b, 300c, 300d, 300e, 300f, 300g, 300h,
300i, 300j, 309keaMdhdacd300me FUBthehGKDHaT (0)Girsnibra@ieasi 0 2H4d3R2/204 of

semiconducior deyieesLAREOR IRSREEHYRYrSRRHEPRdIIRr FlRY G, 200 ﬂﬁ'w%mgu&heg'ons 302

and 304. B causer‘]of the otential for cwcwt @59 302 and 304 va m device to device (as

i

evidenced by %émparln Rvices 100 and 20 ’ﬁgssoegeréagfﬁrﬁsm Are Srq gq ?%‘fﬁtgéh&ted eyepoint 310.
Eyepoint 31%‘?ﬁ8|i}ﬁé§>d6ﬁ?f ﬁﬁl‘f@ﬁoﬁ?ﬁtwe fAcBRAntes BeldPpaay. nrivienstingtwsad pads 300h,
3001, 300j, 00k |r800dy=idr800my ahdiderbgat grevpSRBatad aeofdbomcpadpiaeluding bond pads
300a, 300b:z300e p3eeh G09S imAlinddng)GEraIpiaRNY 2% BEeyarain 3@5@&%@ c@gautline shape of
each of the AanR hpdem(bsSAAGRG Q'S KR &%ﬂﬁa«mf%&%ﬁtf&&ne AOgi" g5tc) do not tend fo

vary from device to device, and a more robust teach process an a mo e’robust subsequent

uch

scan of actFRPHNARL TS fé%ﬁen%rllﬁfédﬁé'?ﬂ%%b&e&c[b@‘?ﬂ ffqg‘ﬁafg(f\}%ﬁ'ﬁ?/tﬁ‘?ﬁ?\%%eﬁ?e eyepoint is
referred to ABETRYasEFREBIN'SYTIWhieH RN thethesgoriraieRiastiegoredimRsshriiy.18), it is understood
that eyepoirndityarayititirciuce certaprehapasifeatidres within the region such as bond pad shapes
and the respective locations of certain bond pads within region 310. This is true for the various
exemplary eedztiimentsef. the preseviemveatortith sirséadandudescibre heyetne[0028]Further, while

exemplary eyeRRIN:3IR:ipsI4dRS Kebradhaad é&%ﬁ%@é mﬂéw%ﬂ'@ A0RRZARGAN 308 (and

excludes the sha es of circuit egdons 304,an 04) utlin f one or oth of CII‘CUIt regions
302 and 302 could be Inc ugl int \gcgyegr[))oipnét’ n sac uaortl) eye?pbc% e Sge Tl m?ernaf‘dlfferences

between thé’%’W’Lﬁf‘f@&ﬁﬁ&dﬁ’fﬁmé‘ff@%@‘Wﬁﬁ‘tfé\/‘i’c?é‘ic%%i/m@L(%ed""tﬁé’ﬁﬁé%cég%tween circuit
region 102 it0P{y.10Css t8Papakel tdewcLiCredioni. 20Rin1PRk, 2PAhagrddraffect the teaching process

(and subsequentdiniarocrsakhrtosse nolsanadline:ghape phikeceiat errgiomnis ingldded in the

eyepoint, [OQR&UN*&%&@%H&@E!@E}% ﬁ%i?&ﬁ% EBBQ@N'Q%Q&%B@&EJHQWQ?@JQG probe marks®

that are VISIb|e to thCIe V|5|gpe§¥%em Cqu & vxlgr?n on mg)cnh Qgtw Ye c <g‘;robe rﬂarks do not tend to be
uniform. For example. becadse of tie mannes i w?nc SEMICON RIS % Sy pically tested,

some of the arks[ may e Eengégsggg qérec |omgedgVI horgoontal) whi e others of the probe marks
may extend in another direclion >§e g., vertical m) Fiese varlafons of the W" 32BN BBNd pads may

also cause pfobleme s c@n%‘?ﬂlﬂﬁﬁl'Wmﬁé‘é@ﬁﬁfb%éﬁ%‘(ﬁﬁmﬂ)ﬁﬁﬁﬁoﬁm problems, MTBA

problems, ete)ding location, where the second bonding location may be leads on a leadframe on
which device 100 is mounted), it is desirable to align semiconductor device 108 an the
wire bonding machine using an eyepoint(s) previously taught to the wire bonding
machine. Of course, the desire for such alignment applies to various other
semiconductor processing techniques including, for example, stud bumping, die to die
wire bonding, inspection of wire bumps/icops, etc.

[0023] As discussed above, a practical reality of serniconductor devices is that
different devices may exhibit different properties even though they are considered to be
the same device. For example, Fig. 2 is a top view of a portion of another
semiconductor device 200. Semiconductor device 200, while provided by a different
manufacturer than device 100 of Fig.1, is considered to be the same device as
semiconductor device 100 illustrated in Fig. 1 from the perspective of a wire bonding
machine. Similar to the bond pads of semiconductor device 100, semiconductor device
200 includes a number of bond pads such as bond pads 200a, 200b, 200¢, 200d, 200e,
200f, 200g, 200h, 200i, 200], 200k, 200!, and 200m. Further, similar to circuit regions



[0030]According to certain exemplary embodiments of the present Invention, an interior region of the
bond pads is ignored/excluded from the eyepoint such that problems associated with certain variations
(e.g., probe marks) is substantially limited. For example, such regions may be (1) scanned but not
considered during the scoring process, (2) scanned but given relatively little weight during the scoring
process, and/or (3) not scanned at all. Thus, it is clear that the terms "excluded"”, "omitted"”, - 12 -
"precluded”, and/or "masked" (or similar terms),ihen referring to certain areas of a device (e.qg.,
shaded regions such as the interior of bond pads or other shaded regions), does not necessarily mean
that the areas are excluded from a scanning process (e.g., a scanning process during teaching, a
scanning precessidudng pipressiidsnianacivsl davicedakenirhendednateds 934 Thus, Fig. 4

llustates siganghciqt dgyioe SANIDGRIBR SR & ek eHEIE RIS -yamically

determined In real-time, etc %%pons omitted from ?/e point (in contrast to eyepoint 310 which

has certain Wﬁ@%ﬁ%@ﬂ%‘fﬁ AP iRS R R & %ﬁéﬁmﬂ?%ﬁrﬁso"dég%%}%?ﬂfﬂﬁé interior of the
bond pads FRIMTETePEYEHYi ADPSPIRISE SRMsEN, reRfiors af e/ 3RaiiRG/ Hateh edriprery.1ae(he9, the shaded
regions maydvedsnaskeatd itesn toe ey epointieaamprasesssyor exanypies wheieréhjoan algorithm is

configured (QNghecan HesmiRBIANSANd/ef tahiheialaRiNaMUmernigkuadsyehat the presence of

edges/features Wféhlglsts e Jmasked region does r%tzcgrbtrepvut t:_g”gh ﬁveraglrﬁgigrgoczalculatlon) As
shown in Fg an Interior o eagh d e bong SIS sh cF dasuc t e nterior |é excluded from

the taught At pRFe §ﬁ?&ﬁ€aﬂ§§‘efﬁferb’f%f‘ﬁ“ﬁoﬁ@‘ﬁ%&%@é"fg"??rﬁﬂfaﬂnﬁgﬁf‘%yepmnt 310a.
The same |§Qﬁ@e€f0¢ Htéeioraosisl @hexsind pad 300D, interior 300c1 of bond pad 300c, interior 300d1
of bond pad 300d, interior 300el of bond pad 300e, interior 300f1 of bond pad 300f, interior 300g1 of
bond pad 300@243terior 30&h Woiiberrdiprad 8OO dviter iBiBevilsehFonduptad $00E, 2Aterier 300j1 of

bond pad 30p¢-nerny 300N, beospack 300k; mirlins3AI bbiehbandpack 3091, anddaterior 300m1

of bond padc&QP@hrEQQé”?sJi‘c‘u%darct? MQWQ%&?M 'Eé%&gdﬂe% SE@mt@’&%%&r eRdR, locate the shapes,
for (1) teachln the band pa S of egomt 1 0a (%‘98 the s 1apes res%ectlve locations of the bond

pads in eyepom‘f‘%f t) ﬁe@'rfa er scannlng OTLyRPSIY 3 051a re”5|'8 é’yond the actual bond pads

is also |ncIu%ﬂ?%?%&ﬁﬁ%%’b@é‘%ﬁ%éﬁféﬁlISF‘-’d°ﬁdr9—%H’éd@ﬂ réﬂ?éﬁ B56EM8 Brovided surrounding
bond pad colueas3ea). anitabron) skadedegionidda 19 provideateserepdintiagdbofdmad row 308. By

providing thesifissHIOLBE g EAI00Sa thedielhipatkafitepedinanthe fxastaulins necatiga of each of the
bond pads (Apd AR UIBE JOGRIOBYUIEEREG GRS, AINEINIL A, &) %'@ﬂiésdg‘v? §%Sed- [0033]Fig.

5 is a top view of 6&3 t|o of semiconductor device 500 mcludmgfreﬁlon elected to include an

eyepoint in 45578 VR PSh RERERR ISk PR B EHIRSH SMAE T2 rtlsh*Semiconductor
device 500 m%ﬁ%ﬁﬂf@e&o@oﬁﬂ:@ads As illustrated in Fig. 5, a first group of bond pads

(including bond pads 500a, 500b, 500c, 500d, 500e, 500f, 500g, 500h, 5001, 500j, 500k, 5001, 500m,
500n, - 13 Jo025] According to certain exemplary embodiments of the present invention, an

eyepaint is selected with the intention that the eyepoint does not vary from device to
device, regardless of differences in surface color/texture and the like. For example, a
group of shapes from a region of a semiconductor device may be selected for use as an
eyepoint. When teaching the eyepoint to a wire bonding machine using a sample
semiconductor device, locations of each of the shapes with respect to one another is
defined,

[0026] For example, Fig. 3 illustrates such an eyepoint selection in accardance
with an exemplary embodiment of the present invention. Fig. 3 illustrates
semiconductor device 300 including a number of bond pads such as bond pads 300a,
300b, 300c, 300d, 300e, 300f, 300g, 300h, 300i, 3004, 300k, 3001, and 300m. Further,
similar to circuit regions 102/104 and 202/204 of semiconductor devices 100/200
respectively, semiconductor device 300 includes circuit regions 302 and 304. Because
of the potential for circuit regions 302 and 304 varying from device to device (as
evidenced by comparing devices 100 and 200), these regions are omitted from selected
eyepoint 310. Eyepoint 310 includes bond pad group 306 (& column of bond pads



5000, 500p, 500q, 500r, 500s, 500t, 500u, and 500v) are provided about a periphery of semiconductor
device 500, while a second group of bond pads (including bond pads 502a, 502b, 502c, 502d, 502e,
502f, 502g, 502h, 5021, 502j, 502k, 5021, 502m, 502n, 5020, 502p, 502q,

-~ 11 ~

including bond pads 300h, 300i, 3004, 300k, 300}, and 300m) and bond pad garoup 308
(& row of bond pads including bond pads 300a, 300b, 300c, 300d, 300e, 300f, 300qg).
Certain features of eyepoint 310 {e.g., an ocutline shape of each of the bond pads, the
spacing of the bond pads with respect to one ancther, etc.} do not tend to vary from
device to device, and as such, a more robust teach process (and a more robust
subseguent scan of actual devices to be wirebonded) is provided.

[0027] it is noteworthy that while the eyepoint is referred to above as eyepoint
310 (which is the region within the dotted line in Fig. 3), it is understood that eyepoint
310 may only inciude certain shapes/features within the region such as bond pad
shapes and the respective locations of certain bond pads within region 310. This is true

for the various exemplary embodiments of the present invention illustrated and
described herein,

[0028] Further, while exemplary eyepoint 310 includes the bond pad shapes of
the bond pads in groups 306 and 308 (and excludes the shapes of circuit regions 302
and 304), an outiine shape of one or both of circuit regions 302 and 304 could be
included in the eyepoint. In such an eyepoint, the potential internal differences
between the circuit regions that may exist from device to device (e.qg., the differences
between circuit region 102 in Fig. 1 as compared to circuit region 202 in Fig. 2 may
not affect the teaching process (and subsequent find process) because only an outline
shape of the circuit region is included in the eyepoint.

[0029] In some applications, semiconducter device bond pads may include
"probe marks” that are visible to the vision system of a wire bonding machine. Such
probe marks do not tend to be uniform. For exampie, because of the manner in which
semiconductor wafers are typically tested, some of the probe marks may extend in one
direction (e.g., harizontal) while others of the probe marks may extend in another
direction {e.g., vertical). These variations of the probe marks on bond pads may ailso
cause problems in conventional eyepoint teaching systems (e.g., low find score
problems, MTBA probiems, etc.).

[0030] According to certain exemplary embodiments of the present invention, an
interior region of the bond pads is ignored/excluded from the eyepoint such that
problems associated with certain variations (e.g., probe marks) is substantially limited.
For example, such regions may be {1) scanned but not considered during the scoring
process, (2) scanned but given relatively little weight during the scoring process,
and/or (3) not scanned at all. Thus, it is clear that the terms “excluded”, “omitted”,



502r, 502s, 502t, 502u, 502v, 502w, 502x, 502y, 502z, and 502aa) are provided inside the first group.
Semiconductor device 500 also includes flducial 504. [0034]Fig. 6 is a detailed view of region 510 of
semiconductor device 500 selected to include an eyepoint of semiconductor device 500. Region 510
includes bond pads 500a, 500b, 500c, 500d, 500e, 500f, 500k, 5001, 500m, 5000, 502g, 502h, 502i,
502j, 502k, 5021, 502m, 502n, 5020, 502p, 502q and fiducial 504. Note that bond pads 502n and 5020
include some type of aberration that may be vis_iq to a vision system performing a scan of the bond
pad (e.g., a blemish, varying reflectivity, a visible flaw, etc.). If semiconductor device 500 (including the
aberrations of bond pads 502n and 5020) is used as a sample device to teach an eyepoint to a wire
bonding maghine, when it is time to process (e.g., wire bond) an actual semiconductor device using

the eyepoint PARRIHS orf M dBRt et ol o ST 608 ntiiRSr AR BB BI&ATh Ay result (e.g.,
the score fof@dfiteadrbRsiedavitentosben M s sberbenidbedawds threkdienikheddderasi@ns though the
device is acaepiatleriarfestie rarocasting araidesikahblyclonwoM BBAfontericessuch.as

semiconductes deNiCceradls Blfig [ARZRIACCALAINGiAg GRITAII eXSHRIALEREImeRta 9f the present

invention, known data aboyt the semiconductor device (e.g., CAD data, a drawing, a computer scan of
A Donad .

a drawing, a priofi da 3,wé'i%. r?nay’be Sed to assist in defining an eyepoint. For example, such data

may be use fine an eyepoint that could otherwise include certain deficiencies of the sample
semiconduc?c(}r(8 adé%ice if t %&Igé’;%ﬁ%’ ¢ Iae ’E‘é?/ﬁ'@ée\?vaes”?fé%‘b"%t f’érac%’ﬁ?e%éévﬁ%c‘ilﬁfrﬁﬂgrgée?ﬁ eé%fically, the
known data (&8, mtﬁfé‘?é{‘,e&rd{;)éleﬁ5?&Y&ﬂ%ﬂfé?%éhf?%‘rﬁfﬁﬁawm&e&*ﬁ%HW&?&’, ©8¢7) may be used
to define theceyepoiritlds ShowrimsHig eYedote Ibdamiegioras Lo airsdifecenes ctomdsemenb00 as shown
in Fig. 7 doesina} snehige thepabersrat @asof Rendiadsnalid angd0ssu Bastariinenwith the eyepoint

ineluding the,pbaes.oFEcl A 2L lstiRlend LR DiEh I ABTAerlsig ihgskgown data, and

prior to the actyal teaching of a sample device 500 on the wire bonding machine), the eyepoint 510 is

initially definStF\WithOdY CErtAIRERTcIEVRIEE PRSP IREN R BERNBTRGHBHE S1PR actually
taught on th@!GRFEHdHORR EERH 08 FFat SiRteIaRIpIe @edies BOGhau@BMEmaE shown in Fig. 6 with
aberrations irppéglssDnatichtbB2grecentainfdefeidfciesanaytite taitteskickiinggihe teaching process
because onlygeRptabinéadnatiopsl Re-saBRIaARVGE A8 ShowhaPei@ny telativedpsatian of the bond
pads and ﬁdgnc Haitlalth‘éﬂ?a%gr?se%gggénéu%y&é% &%”.ﬂEQ?%‘? lg%qgigt}@c? from the taught eyepoint,

More specifically, interior 300al of bond pad 300a is omitted from eyepoint 310a. The

same is trite for interior 300b1 of bond pad 300b, interior 300c] of bond pad 300c,

interior 300d1 of bond pad 300d, interior 300el of hond pad 300e, interior 3001 of

bond pad 300f, interior 300g1 of bond pad 300g, interior 300h1 of bond pad 300h,

interior 300il of bond pad 300i, interior 300j1 of bond pad 300j, interior 300k} of bond

pad 300k, interior 300i1 of bond pad 300!, and interior 300m1 of bond pad 300m.

0032] In order to provide a small margin of error, and an area {o locate the
shapes, for (1) teaching the bond pads of eyepeoint 310z {e.q., the shapes and
respective locations of the bond pads in eyepoint 3102), and (2) later scanning of
eyepoint 310a, a region beyond the actual bond pads is also included in eyepoint 310a.
More specifically, a non-shaded region 306a is provided surrounding bond pad column
306, and a non-shaded region 308a is provided surrounding bond pad row 308, By
providing these surrounding regions, the likelihood of teaching the exact outline
location of each of the bond pads (and their outfine location with respect tc each other)
in an eyepoint is increased.

[0033] Fig. 5 is a top view of a portion of semiconductor device 500 including
region 510 selected to include an eyepoint in accordance with an exemplary
embodiment of the present invention. Semiconductor device 500 includes a number of
bond pads. As illustrated in Fig. 5, a first group of bond pads (including bond pads
500a, 500b, 500c, 500d, 500e, 500f, 5Q0g, 500h, 500i, 500, 500k, S00l, 500m, 500n,



- 14 - teaching on the wire bonding machine. Thus, an improved eyepoint is provided by utilizing (1)
known data about the semiconductor device in conjunction with (2) a sample device taught on the wire
bonding machine. [0036]Fig. 8 is an illustration of a further improved eyepoint 510a for semiconductor
device 500. More specifically, selected regions of the portion of semiconductor device 500 are omitted
from eyepoint 510a. These selected regions are shaded (i.e., the shaded regions may be "masked"
from the eyepoint teach process) in Fig. 8. As.shewn in Fig. 8, an interior of each of the bond pads is
shaded such that the interior is excluded from the taught eyepoint. More specifically, interior 500al of
bond pad 500a is omitted from eyepoint 510a. The same is true for interior 500b1 of bond pad 500D,

interior 500gd, a%é,a, \yeé'o%% DiNtenipsassanh pfhrRd 99&1& é%q 5996 500f, 500k,
5001, 500m 500 §2h 502&,1 02k, 5021 502 §§ 3&1 and 502q.
ers

Likewise, n‘i’tfe‘rf?d?%cﬁ' é{f%fcfed'u@ K04 as%egm %'d"flpom dnd Rarsd regions
represent, ﬁﬂzéxéﬁ?ﬁbes%@|69%dth5<£’t2ﬁ1a§pﬁ%\?@?ﬁcéﬂ%Thtéﬂ?té&&ie%%les&%t?@g‘l‘i‘oﬁ?%féwce to device.
As such, a stosesoka, devigest he Wisebotid edamaioret Hezafféded bY2sushxhadediess.

[0037]Furthgp HoQIsier itRivsqwidera: Sreal. margifonliesrar davdasnarasotmineaie dbecsiapes, for (1)
teaching thso'%hapes/respective locations of the features of eyepoint 510a (e.g., the shapes and

respective [ocations of the bond pads and fiducial of eyepoint 510a), and (2) later scanning of eyepoint

e 3 ey onC Re ke 94*%@@%&@%9&99 /) shanRlinaleieleddn evepoint 510a.

More specific a non-shadéd region a2 is provi ed surroun FI?§§ bond pad 500a, and a

non-shadedEgieH tQOUB?d%ﬂﬁ%’/?(ﬁ’@d‘%ﬁﬁ%ﬂ“%ﬁﬂ%”&%d%dﬁeé@@b &2t Wcé'ﬁ%edebd)?gglon is
provided (anaddlgefatEa0l FRY<8T 8¢ 2Rt oF BN 8094 E2500E0BD0EC BHFE28089280PR215001, 500m,
500n, 50005582 1502602020 2H 50240 5() 3D26020mp 5021y 502 66025 ENdbE2 thdtikewdise, a non-shaded

region 504?1%&% BFW R4 MBQH&Q&@Q;SHHQ@@%@%M&Y'Q{BQ%?% swipIpdingsiegions, the
likelihood eachln the exact outllpgnof eagh oJ arquPmi and the f &lgllt\gagd their outline

location Wlth resp SrQén ?ﬁaer |n an eye 0|n IS |hcrease &(}x&rﬂ)}lé EI S IS a top view of a pOI’tIOI’]

of semicondiiedt tRwi @& 8o diFRINMG HEgItF Y 10 R MeH 18 it GBS ‘S’fégp?flﬁ?'w RatBrdance with
an exemplabpansoddifeniofttbasresempinvientisrio Searicomdveroint éviceieodndtes a number of
bond pads. AsdHinelratest i0iEgn ra friskes ou Ohherstpsdsn(iellinghond padsi666a, 600b, 600c,
600d, 600e, G u@oé{%p@{%@Palgﬂ%m%ﬁ%m@&%an&%@ AlifBEP YAk a first row on
semiconductor device 600 ea %%gond% : Ong °r6§5’ g chrudlggegg)nd gads 602a,
602b, 602c, 6028760 '@5% %d"z 96[65 IG5 S0 ImP E05R 6020 %and 602p) are
provided in SRR G ATRSAPIORES Fff_:‘i'“lt@‘?g‘-’a‘ Hé%?é’éf%l@\ﬁ??ﬁ?éﬁf?&?ﬂf%”lfﬁrd?%e?fﬁﬁ‘éﬁ?m%ﬁ? device 600

undesirably low MTBA for devices such as semiconducter device 500, etc.).

[0035] According to certain exemplary embodiments of the present invention,
known data about the semiconductor device (e.g., CAD data, a drawing, a computer
scan of a drawing, a priori data, etc.) may be used to assist in defining an eyepoint.
For example, such data may be used o define an eyepoint that could otherwise include
certain deficiencies of the sample semiconductor device if the sample device was used
to teach the eyepoint. More specifically, the known data (e.g., CAD data, a drawing, a
computer scan of a drawing, a priori data, etc.) may be used to define the eyepoint ag
shown in Fig. 7. Note that region 510 of semicenductor device 500 as shown in Fig, 7
does not include the aberrations of bond pads 502n and 5020. By starting with the
eyepoint including the shapes of region 510 illustrated in Fig. 7 (which is defined using
the known data, and prior to the actual teaching of a sampie device 500 on the wire
bonding machine), the eyepoint 510 is initially defined without certain deficiencies.
Thereafter, when the defined eyepoint 510 is actually taught on the wire bonding
machine (e.g., using sample device 500 such as that shown in Fig. 6 with aberrations in
pads 502n and 5020), certain deficiencies may be omitted during the teaching process
because only general information of the sample device (e.g., shape and relative
location of the bond pads and fiducial included in eyepoint 510) is confirmed during the



selected to include an eyepoint of semiconductor device 600. Region 610 includes bond pads 600a,
600b, 600c, 600d, 600e, 602a, 602b, 602c, 602d, and 602e. Note that bond pads 602c and 602d
include some type of aberration that may be visible to a vision system performing a scan of the bond
pad (e.g., a blemish, varying reflectivity, a visible flaw, etc.). If semiconductor device 600 (including the
aberrations of bond pads 602c and 602d) is used to teach an eyepoint to a wire bonding machine,
when it is time to process (e.g., wire bond) an agtylal semiconductor device using the eyepoint taught
from semiconductor device 600, a number of potential problems may result (e.g., the score for
semiconductor device to be processed being below a threshold value even though the device is

acceptable 2SS jra ICe iconductor device
500, o). (0030 f* e o ata

0 %ordin‘g_ltg (%ertalntexemgla?/ embodiments o

about the sEMRBAGHCESPHRIRE @Y BIR S T4 A S FRY R RSHPLIST L4 b H Brawing, a priori
data, etc.) IFRIYAR 453K 18URBSIRE MVITRIAGNEI @ yBRRIE: For example, such data may be used to
correct an eyepoint that could include certain deficiencies of the sample semiconductor device used to
teach the e}/BP3fk. Moréigpdisfniiystrdinh alivi fHERe{émpraabveraing Théielg, a computer scan of a
drawing, a peoitdatastetcigvinapie used tpadingihaieymaaiadiasssiiamnpisriidg .ot 1. Note that region
gég of sgrgg@gngwgadequ@@@r?&%%&mé%&liéuemﬁ%msi_neﬁg%@ *Q@@;‘?@%@‘?@%@ bondhpads

c an y, starting with the eyepaint illustrated in Fig. which s defined using the
known datas_%efrc]ja%pﬂgr"téh{%e 3{65‘3 é%‘éﬁwa’g a”s?éﬁqéﬁ?z ?8\%55%%%é Eéaavr\flré’ Bont frjfa machine), the
eyepoint 61%95Efniﬁ\élﬁ;‘%‘fil‘ﬂeE'%l‘%h8Ut‘%@ff&fr?ﬁ%?ﬁflé’rﬁc’fﬂ%’?%?@ﬁ?t@r?%ﬂ@ﬁ W J8HNEE eyepoint 610
is actually téptgrieron ereludhe frandhsgtenathivereny:, HoigspeifisiddeniedoBG0asUck asnthat shown in
Fig. 10 withpalaercati onsmaitieart pade@fiAcsand. 60263 crriainudaticipnains moyibs esattted during the
teaching progass becats® Cabsdenaaldiiaation.ofl e 3amplr-device {8 o ShaRead relative

location of t ond pads.i ed.in.eyepoint 610)_is confirme ring the teaching on the wire
bonding mac ?ﬁégg%eug,&gﬁ ?rrqafb%é%i'egsee%irﬁ(%‘prso%} edB gg’ugﬂ?zﬁlhg%) g%&wggég‘tg% z:%tlfout the
semiconduéB?’Beé%‘ir‘?%jﬁE%ﬁo?ﬂ% R42) Hikerisse iR t4adn G trial wirtt Balsling machine.
[0041]Fig. 1&mien fthmstextpeinafd fartishémpraimdregiepoieb 658at fderserancarndisgionsdevice 600. More
specifically, salaatachergiorsmistan pestinapfenctbvisernisansiictonsavice60@ asenomitted from

eyepoint 6103, J Be5e SHEGICOr GRS REe 96 il Srd iR FBRISM, 'eligns gy be "masked"” from

the eyepoint teach process) in Fig. 12. As shown in Fig. 12, an’interior of each of the bond pads is

shaded suchghagine int%%&,ﬁww%@m;Haeateﬁagn%?y@npa?temfgﬁps?@ig@% ;Hag%gm 600al of

bond pad 6 th |?bomittf%d df{éJm ec}/‘erpoti}[?t 6h Oa. The same is true for interior 600b1 of bond pad 600D,
interior 60015t B6RY A ATLANET HERE TRTRRGY S 'RETIP Bt BOWE SR B0YSEBYE! 6024, 602b,
602c, 602d, 1@ 6D2e {ECAIR=E AR FERMITAE, IRSPICRARE BeRRAF PRfE AN MERD? 8ihd an area to locate
the shapes, dperdiftedohingrith¢2Shatpe strespartiieyiesatiohsief thedeatinysraf dyopniat 610a (e.g., the
shapes and sespestyedacations ehipe)kopdPads@uepaiptfdifas: and (ldalst-framniag of eyepoint

610a, [o]aly [ incl ' ' Ol ifically,
o sheded R Mﬁg?ﬁ”ﬁiﬁé@fﬁ ;Eﬂdé%a?é?g%.? o 60002 i

provided suffSTURTG BoPIEXE ROBE 2108 QYegibmia pPovilatrtta AlStrated in Fig. 12)
for each of FSAYGREISBOIESEHEE, BB 860T:£E0 2 P60 ®26028 a6t 2By 39UV iy these
surrounding Segicrasrthadike S Bif2easding g erakt borlinssdineaohrg st bermb pads in an
e%/epoint_ (anﬁPﬂaeim%w(';a@, I@@.%H%yug% g@gﬁse@qtcampre&k?@g &ir&rﬁtgﬁs%[%%%ﬂiig g}3 is a top view
ora portlon o1 semic uctor device INC | reglion select to Inclu an epoint In
ceordance e e T e B8 B R e bR o0

includes a nBhBePBIbEHT AT aLdttRL R HFERF R lofrEpyMith EFIRshEPFRAR tHENiding bond

pads 700a, in an eyepoint is increased.

[0038] Fig. 9 is a top view of a portion of semiconductor device 600 including
region 610 selected to include an eyepoint in accordance with an exemplary
embodiment of the present invention. Semiconductor device 600 includes a number of
bond pads. As illustrated in Fig. 9, a first group of bond pads (including bond pads
606a, 600b, 600c, 600d, 600e, 600f, 600g, 600h, 600i, 609j, 600k, 6001, and 600m)
are provided in a first row on semiconductor device 600, while a second group of bond



700b, 700c, 700d, 700e, 700f, 700g, 700h, 700i, 700j, 700k, 7001, 700m, 700n, 7000, 700p, 7004,
700r, 700s, 700t, 700u, and 700v) are provided about a periphery of semiconductor device 700, while
a second group of bond pads (including bond pads 702a,

- 15~

pads (inciuding bond pads 602a, 602b, 602¢, 602d, 602e, 502f, 602g, 602h, 602i,
802§, 602k, 6021, 602m, 602n, 6020, and 602p) are provided in a second row.

[0039] Fig. 10 is & detailed view of region 610 of semiconductor device 600
selected to inciude an eyepoint of semiconductor device 600. Region 610 inciudes bond
pads 600a, 600b, 600¢, 600d, 600e, 602a, 602b, 602¢, 6024, and 602e. Note that
bond pads 602¢ and 602d include some type of aberration that may be visibie to a
vision system performing a scan of the bond pad {e.g., a blemish, varying reflectivity, a
visible flaw, etc.). If semiconductor device 600 (including the aberrations of bond pads
802¢ and 602d) is used to teach an eyepcint to a wire bonding machine, when it s time
to process (e.g., wire bond) an actual serniconductor device using the eyepoint taught
from semiconductor device 600, a number of potential problems may result (e.g., the
score for semiconductor device to be processed being below a threshold value even
though the device Is acceptable for further processing, an undesirably low MTBA for
devices such as semiconductor device 600, etc.).

[0040] According to certain exempiary embodiments of the present invention,
known data about the semiconductor device (e.g., CAD data, a drawing, a compuier
scan of a drawing, a priori data, etc.) may be used to assist in defining an eyepoint.
For exampie, such data may be used to correct an evepoint that could include certain
deficiencies of the sample semiconductor device used to teach the eyepoint. More
specifically, the known data (e.g., CAD data, a drawing, a computer scan of a drawing,
a priori data, etc.) may be used to define the eyepeint as shown in Fig. 11. Note that
region 610 of semiconductor device 600 as shown in Fig. 11 does not include the
aberrations of bond pads 602¢ and 602d. By starting with the eyepoint 610 illustrated
in Fig. 11 (which is defined using the known data, and prior to the actual teaching of a
sample device 600 on the wire bonding machine), the eyepoint 610 is initially defined
without certain deficiencies. Thereafter, when the defined eyepoint 610 is actually
taught on the wire bonding machina (e.g., using sample device 600 such as that shown
in Fig. 10 with aberrations at bond pads 602¢ and 602d), certain deficiencies may be
omitted during the teaching process because only general information of the sampile
device {e.g., shape and relative location of the bond pads included in eyepoint 610) is
confirmed during the teaching on the wire bonding machine. Thus, an improved
eyepoint is provided by utilizing {1} known data about the semicanductor device in
conjunction with (2) a sample device taught on the wire bonding machine.

[0041] Fig. 12 is an illustration of a further improved eyepoint 610a for
semiconductor device 600. More specifically, selected regions of the portion of



702b, 702c, 702d, 702¢, 702f, 702g, 702h, 7021, 702j, 702k, 7021, 702m, 702n, 7020, 702p, 7024,
702r, 702s,

- 16 -

semiconductor device 600 are omitted from eyepoint 610a. These selected regions are
shaded (i.e., the shaded regions may be “masked” from the eyepeint teach process) in
Fig. 12. As shown in Fig. 12, an interior of each of the bond pads is shaded such that
the interior is excluded from the taught eyepoint. More specificaily, interior 600a1 of
bond pad 600z is omitted from eyepoint 610a. The same is true for interior 500b1 of
bond pad 600b, interior 600¢t of bond pad 600c¢, as well as the interior of each of bond
pads 600d, 600e, 602a, 602b, 602c, 602d, and 607e.

[0042] Further, in order to provide a srnall margin of error, and an area to locate
the shapes, for (1) teaching the shapes/respective locations of the features of eyepoint
610a (e.g., the shapes and respective locations of the bond pads eyepoint 610a), and
(2) later scanning of eyepoint 610a, a region beyond the actual bond pads is also
included in eyepoint 610a. More specifically, a non-shaded region 600a2 is provided
surrounding bond pad 600a, and a non-shaded region 600b2 is provided surrounding
bond pad 600b. Such a non-shaded region is provided (and illustrated in Fig. 12) for
each of bond pads 600¢, 600d, 600e, 602a, 502b, 602¢, 502d, and 602e. By providing
these surrounding regions, the likelihood of teaching the exact outiine of each of the

bond pads in an eyepoint (and their outline location with respect to each other) is
increased.

{0043] Fig. 13 is a top view of a portion of semiconductor device 700 including
region 710 selected to include an eyepoint in accordance with an exemplary
embodiment of the present invention. Semiconductor device 700 includes a number of
bond pads. As illustrated in Fig. 13, a first group of bond pads {inciuding bond pads
700a, 700b, 700c, 700d, 700e, 700f, 700g, 700h, 700i, 700j, 700k, 7001, 700m, 700n,
700q, 700p, 7009, 700r, 70Cs, 700t, 700u, and 700v) are provided about a periphery
of semiconductor device 700, while a second group of bond pads (including bond pads
702a, 702b, 702c, 702d, 702e, 702f, 702g, 702h, 702i, 702j, 702k, 702!, 702m, 702n,
7020, 702p, 702q, 702r, 702s, 702t, 702u, 702v, 702w, 702x, 702y, 702z, and 702aa)
are provided inside the first group.

[0044] Fig. 14 is a detailed view of region 710 of semiconductor device 700
selected to include an eyepoint of semiconductor device 700. Region 710 includes bond
pads 700a, 700b, 700¢, 700d, 700!, 700m, 700n, 7000, 702a, 702b, 702¢c, 702m,
702n, anc 7020. Note that bond pads 702n and 7020 include some type of aberration
that may be visible to a vision system performing a scan of the bond pad {e.g., B
blemish, varying reflectivity, a visible flaw, etc.). If semiconductor device 700
{including the aberrations of bond pads 702n and 7020) is used to teach an eyepoint to



702t, 702u, 702v, 702w, 702x, 702y, 702z, and 702aa) are provided inside the first group. [0044]Fig.
14 is a detailed view of region 710 of semiconductor device 700 selected to include an eyepoint of
semiconductor device 700. Region 710 includes bond pads 700a, 700b, 700c, 700d, 7001, 700m,
700n, 7000, 702a, 702b, 702c, 702m, 702n, and 7020. Note that bond pads 702n and 7020 include
some type of aberration that may be visible to a vision system performing a scan of the bond pad (e.g.,
a blemish, varying reflectivity, a visible flaw, etcyz If semiconductor device 700 (including the
aberrations of bond pads 702n and 7020) is used to teach an eyepoint to - 17 - a wire bonding
machine, when it is time to process (e.g., wire bond) an actual semiconductor device using the

eyepoint ta!a‘WMWH%CWQQHE%%Q%%MHAQ%%f mﬁ%r}}@h?@b&%ma may result (e.g., the
score for semlconduﬁ% evice to b rocessecq tr11[(_;;fbelow a threshold value _gyen though the device

is acceptabﬁe or furthel rec\)”ccgslé?'nn undesirap )?Iowwil'%eﬂ’ for 8e{\:/ﬁ%re%esﬁgh a< Semiconductor

device 700 “éfﬁbfr[Bbe@ﬁi?&‘@bPdﬁ%ei‘ﬂ)séﬁ?t’a‘iﬁsé%ﬁﬁafpee?ﬁ['}r@cfi?ﬁé?%cﬁf‘ﬁ‘@ﬁr@%ﬁ? fRvention, known
data about teerserRehbkittobdewiséhfehoiCyed:elatendtragiirige deotm purerestatedba drawing, a

priori data, eteHemaydesussdiunssishiydelinimg arbeyepeitcior £xamplihdaeeh ealrdnay be used to
correct an %pgggt that could include certain deficiencies of the sample semiconductor device used to
teach the eyepoint. More specifically, the known data (e.g., CAD data, a drawing, a computer scan of a

crawing, 2 pBRAR(2. e s Lsdia el e RIERADAS QUL Flg, dR Hote hat region

710 of semiconductor device 700 as shown in ?ﬁn%a \%,oes not include does not mcluo’le the

aberrations SPBEE B FoUis BRI AIIER 484 el fie B RGO e W T8 ifl SRS Tin Fig. 15 (which
is defined usiAgy tha Wmdﬁfﬁ'%'rﬁﬁﬁméi?% Ty RetHardSacHiFiE i deSainH it G¥ERENT00 on the wire
bonding matiine) ptbie, eyep cixtt Fidy ibd nitidljo defiretavithepboe tain dekiCiemeiesefthgreafter, when
the defined gyRREIGES 30t asﬁhlalbééﬁugimg&ﬁhgé/w&% bandingdnaoine dnt UsiBg:sample device
700 such a%FGh (_senh)( érk!f&%ﬁéaw gbecq %Qg %t E’%?,,. ngags 719%!1! ea},r}’gazoog%)d certaln deficiencies

may be omit durln e teac rocess ecause only general information of the sample device

(e.g., shapé€ aﬁﬁlﬁ??éﬁ‘iﬂl@ﬁ&ééﬂ%%‘lﬁ%‘ 6%H8ﬁﬁ§(§59r?é’ﬁﬁﬁéﬂ iASSVRNGiM 740935 BHiFAGEd during the
teaching onresewWiEOU e MigndedinnaeTihed C8mirapeyvdt Egeddidess peovidedetsiperilizing (1) known
data about thewszmieostictnsrdericena maisjunehahivitiee) Bysasphe devicestepghtrary tie wire

bonding magllitfited in Fig. 15 (which is defined using the known data, and prior to the actual
teaching of a sample device 700 on the wire bonding machine), the eyepoint 710 is
initially defined without certain deficiencies. Thereafter, when the defined eyepoint 710
is actually taught on the wire bonding machine (e.g., using sample device 700 such as
that shown in Fig. 13 with aberrations at bond pads 702n and 7020), certain
deficiencies may be omitted during the teaching process because only general
information of the sample device {e.g., shape and relative location of the bond pads
included in eyepoint 710) is confirmed during the teaching on the wire bonding
machine. Thus, an improved eyepoint is provided by utilizing (1) known data about the
semiconductor device in conjunction with (2) a sample device taught on the wire
bonding machine.

[0046] Fig. 16 is an illustration of a furthar improved eyepoint 710a for
semiconductor device 700. More specifically, selected regions of the portion of
semiccnductor device 700 are omitted from eyepoint 710a. These selected regions are
shaded (i.e., the shaded regions may be "masked” from the eyepoint teach process) in
Fig. 16, As shown in Fig. 16, an interior of each of the boend pads is shaded such that
the interior is excluded from the taught eyepoint. More specifically, interior 700a1 of
bond pad 700a is omitted from eyepoint 710a. The same is true for interior 700b1 of
band pad 700b, interior 700¢1 of bond pad 700c, as well as the interior of each of bond
pads 700d, 700!, 700m, 700n, 7000, 702a, 702b, 702c, 702m, 702n, and 7020.



[0046]Fig. 16 is an illustration of a further improved eyepoint 710a for semiconductor device 700. More
specifically, selected regions of the portion of semiconductor device 700 are omitted from eyepoint
710a. These selected regions are shaded (i.e., the shaded regions may be "masked" from the
eyepoint teach process) in Fig. 16. As shown in Fig. 16, an interior of each of the bond pads is shaded
such that the interior is excluded from the taught eyepoint. More specifically, interior 700al of bond
pad 700a is omitted from eyepoint 710a. The sajge is true for interior 700b1 of bond pad 700D, interior
700c1 of bond pad 700c, as well as the interior of each of bond pads 700d, 7001, 700m, 700n, 7000,
702a, 702b, 702c, 702m, 702n, and 7020. - 18 - [0047]Further, in order to provide a small margin of

error, and arz; oG AIE SNARES IS AMSAENIG G hapesiteshadlve lasaigns of he features

of eyepoint 710 ., the shapes and respective locations of the bon S eg{epomt.?lOa), and (2)

later scannif S &REpBIht 7 1B YD Bﬁﬂﬁ??ﬁéﬁé{ﬁtﬁﬁ?%ﬁﬁ%g&%ﬁ%ﬁi% YRR eyepoint
710a. Morededifidal i ess PRnfsARdl Ers ReE oh I7TtRPS SR o f3d® avRipigtHEAE)paad700a, and a
non-shaded @ ¢t #R6bAdopeguided 3uowundmngntaydraachs QotnaBhehi aamansshaded region is
%c;vbidsg Z(ar;}gauzu&tﬁ%@ﬁya;ﬁégm@@) f@é@%@@ﬁ@ﬁ%%ﬁ%@@@u 008 79043 %}39?%%0%7(}20, 7g_2a,

, 702¢, 702m..702n. an . roviding these surr g regions, the likelihood of teaching
e exact od b B A L Al e e reapect o

each other) 18MAGRLERRD: (USRI M AP ERFORR BPY IRAIBALHILE RSB fidor tefite 800 including
region 810 setdceéblorstipatiaddm Ehaitl!iry Beroifdmee With dPeexébdplatyZenBddiment of the

present inverntanaSenoEnnsyeionidelyera80Qunsludasadyisnbeneh kentbpadsicAsniligtiated in Fig. 17,
semiconducior deyisRd RELIRSPRLEAS8004a BA0L-E00E: ROAL: 8006, S0 S Q%800h, 800i, 800j,

and 800k. Sprsnlgc%rgglégt r (iir(?é/rl)(:% %(%O algg includes circuit element 804. [0049]As outlined in Fig. 17,
region 810 SFEEmiconducior device 860 ricludes bond pads 800a, 800b, 800c, 800d, 800h, 800i, and

800j, as Welkj&i ‘gifun elgmer}t_SOAt.oThus, it is clear thgt shapes lsand res_pe%g%e I cg,tlons) of portions
ctor an ite

of semicond evices BthertRantbn %fa%goaﬁtﬁca‘ffj GRS P SN &R 804 which may

be a wiring PRIEHP1E EYREIAC HONFAER PaREPL AN/ BFPTEAMES WS are*eséMplated for use as part of
an eyepointefo@sBidgt 4Bl arestnsiratotioof Shumtbardmprovedey@ibint! @dSaafonrseaiecbnductor
device 800. dase specificallyirsale ety egionsmidha. Bortign ot semisanshicigagieyier 800 are omitted

from eyepoigh 814z These, Selpcted scians, atpshasischbs;: o shadedagions mpy be ‘masked’

from the eyeJ)olnt t%acri] Er,oclessgln FIE. 18. As shown In Fig. 18, an interior of each of the bond pads
is shaded sUEH RaCtha TRiSHEFTS SR RERPMe taught eyepoint. More specifically, interior 800al

of bond pad 800a js omitted from eg\tlav_oint 810a. The same is true for interior 800b1 of bond pad 800D,

interior 800dL8#Bbnd p4tf 8864 ’péﬁr a& e MG B rETUFPBF BoRuISXIEE BbIE%EBR, 800i, and
800j, as welPasdmasssioarf0RBEAAT SPEACRRCBIPRINEBOARC, as well as circuit element

804. Thus, it is clear that shapes (and respective locations) of portions of
semticonductor devices other than bond pads and fiducials {such as circuit element 804
which may be a wiring pattern, a conductive trace pattern, and/or the like) are aiso
contemplated for use as part of an eyepoint.

{0050] Fig. 18 is an illustration of a further improved eyepoint 810a for
semiconductor device 800. More specifically, selected regions of the portion of
semiconductor device 800 are omitted from eyepoint 810a. These selected regions are
shaded (i.e,, the shaded regions may be "masked” from the eyepoint teach process) in
Fig. 18. As shown in Fig. 18, an interior of each of the bond pads is shaded such that
the interior is exciuded from the faught eyepoint. More specifically, interior 800ai of
bond pad 800a is omitted from eyepoint 810a. The same is true for interior 800b1 of
bond pad 800k, interior 800c¢1 of bond pad 800c¢, as well as the interior of each of bond
pads 800d, 800h, 800i, and 800j, as well as interior portion 804al of circuit element
804a.



- 19 - [0051]Further, in order to provide a small margin of error, and an area to locate the shapes, for
(1) teaching the shapes/respective locations of the features of eyepoint 810a (e.g., the shapes and
respective locations of the bond pads, as well as circuit element 804, of eyepoint 810a), and (2) later
scanning of eyepoint 810a, a region beyond the actual bond pads, as well as beyond circuit element
804, is also included in eyepoint 810a. More specifically, a non-shaded region 800a2 is provided
surrounding bond pad 800a, and a non-shaded ri%g_ion 800b2 is provided surrounding bond pad 800b.
Such a non-shaded region is also provided (and'illustrated in Fig. 18) for each of bond pads 800c,
800d, 800h, 8001, and 800j, as well as for circuit element 804. By providing these surrounding regions,
the likelihood of teaching the exact outline of each of the bond pads (and an outline of circuit element
804) in an eySpoimt (anc% PloliRETOERABH WA ?E?é'é&?fB‘%aEﬁrB‘iﬁéi‘}‘isaﬁwéF‘é%E‘blﬂ’cfé%)Sz]Fug 19 is
a top view Gﬁgéﬁﬁéﬁﬁnd‘%&b} Efé@ib@gg@e shapshsaraRtivyg ctgiqnoliberiepbyepolreepoint eyepoint
910a and egepoife 161 traveseeiregkand: bhatst st clensdhabHie, teachings @ictie present
invention dl@@%ﬁdé”t@rednemewmt@ayaéwame?@@gm@%@Qv@m&% A 3P gqaple to wire bonding
edn

operations %t|I|Z| Cgtﬁnu‘_:!talgl g gge&)ongts E[OOSﬁ]Whlel}e various, ng ‘te e flg%roeg Prowd rgzln illustrate a
semiconductor die aFone it isUnderstood tﬁa?dur‘fw processin pS suc as wire ondlng the

semiconductéTRABLHOZy Jitoshy Rrsific i ade e e G?er%%éﬁgi%ﬁgpéﬁ“ﬁjﬁﬁégﬁ%“ﬂﬁ‘f% like) to a
support struetnfersd @@ ankkadirarakadedirsalbstéiRb Figpaited sopaiedingf Bopdrien of

semiconducgonslegias 2GR0 gied semICRRMICHE IR AAMNQ) hanereto eadirame: Lo&0qf
[0054]Semlggn&|§ H&.féi')%\é'%éé’%ﬂ?ﬁ'ﬁé@sﬁ%%l?f%% 42902 0908, 1900G1§90ds 1000k, 10001,

1000g, 1000h, 1000i, 100 010 Is S elec ed to include bond ads 1000a,
R e oo b X ek e S
including le&AS eG54, pféS@ﬁ‘dl%BEt"fGS’@G"%fﬂﬂei%% 9y Pr8RRYNd BRSEiiconductor devices
(e.g., wire bowtimgpdasometimesizappeesthetarfisvicedinsdnas already been wire bonded is put on
the wire bonding machine. For example, this may be an error. Alternatively, it may be that a portion of
the device hEB@&n wirdhondléds bed Hiat ahsthdropdrgam déthe devicassthbweedsito be wirebonded. It

is very desirglleiQikaQyetAraevies, epepdnife nnsinckresshine bas Mﬁ@rb&\éﬁed@@wd or not. For
example, I ifade PR AARUER A haneady %%%th%g B W giegled o further

unintended wire ‘bonding in which case the device ma estro e r otherwise re ered worthless

- 20 - [0055] REBRAHEIE AN ETRIHIRF) endboaRRlEAP, gfltfh‘é’ f)‘?é’gaﬂﬂ?l\‘?@ﬁ'f?éﬁf‘é tHETHEd of determining
if a device hAgHeler¥APSiMénded is provided. As shown in Fig. 20 a number of wire loops 1002a,
1002b, 1002c, 1002h, and 1002i are illustrated. More specifically, wire loop 1002a (including ball bond
1002al bon&@@%BIbond PAel oAy BfcDRIBSLERE GFtvad e tepERA B GichR AR IsbiNtPhad 1000a and
lead 1050a; didreidoeypitlie @ABefistohddingt bathidzomel EEORD ktbpneah tas bordopadind)@0b) provides
EIeC(;rilcg(l)iznteéﬁqmﬂ% betwaandang pagh 1Rekeg, le@qdi LORGk M\ﬂ'ﬁ%@ﬁ)ld%@@@@ Q'Sdl:jdingdblao”oo
on c t [ electrica |nte on hetween bond pa c
and lead 10%%%(?%%5?30 690;3%1B gégg? %%g{t%;é Igt?gancf i]*?815:2(?1"16’bonE’i r ?o Ec();n pgc? ?ﬁ)Oh) provides
electrical |nt(¥f?:‘6r?58&?6ﬂc’5é’[w§ CB?)‘?‘ftftﬁéaei’G'@OW%?‘léetéaoafﬁmngﬁﬂt%%elé%gioom (including ball
bond 1002i1%6¢riEk teasdRMMPAE5L0001) provides electrical interconnection between bond pad 1000i
and lead 1050e. Using a pattern recognition method and/or system such as those described above

with respect i#8484thing Sieaperandaetaiire fSEiorsdfsshrsesnds 1000a, 1000b, 1000c,
1000d, 1000e, 1000f, 1000g, 1000h, 1000i, 1000j, and 1000k. Eyepoint 1010 is

selected to inciude bond pads 1000a, 1000b, 1000¢, 1000d, 1000h, 1000i, and 1000;j.
Leadframe 1050 includes a plurality of “eads” including leads 1050a, 1050b, 1050c¢,
1050d, and 1050e. During processing of semiconductor devices (e.g., wire bonding) it
sometimes happens that a device that has already been wire bonded is put on the wire
bonding machine. For exampie, this may be an error. Alternatively, it may be that a
portion of the device has been wire bonded, but that another portion of the device still
needs to be wirebonded. It is very desirable to know if a device on a wire bonding
machine has been wire bonded or not. For example, if this is not known, a device that
has already been wire bonded may be subjected to further unintended wire bonding in
which case the device may be destroyed or otherwise renderad worthiess,



(e.g., bond pad shapes and relative locations of bond pad shapes), a shape of a portion of a wire loop
may be recognized. More specifically, an algorithm may be configured to search the bond pads of a
semiconductor die to determine if a wire has been bonded thereto. In the example illustrated in Fig. 20,
the algorithm may be configured to search for the shape of a ball bond (e.g., a circle, an ellipse, etc.)
on a bond pad to see if a wire has been bonded thereto. [0056]Further features of this aspect of the
present invention may also be provided. For exaé@ple, the eyepoint (e.g., eyepoint 1010 illustrated in
Fig. 20) may be selected to include the bond pads that will be wire bonded first during the wire bonding
process. With respect to Fig. 20, bond pad 1000a may be the first bond pad to be wirebonded. Thus,
eyepoint 1 is selected to include this bond pad. As such, during the process of using pattern
recognitionolt]‘c)J%s%’e%(,j if a wfgéc?lré%ﬂtéoer? 8’,‘%‘&‘%}1&5%8%%”6%‘ &4e E{F%B B4R -shape of a ball bond
on the bond"FE¢ MEHIeEMBE b SExiffy R HomILy FiRe1eeY sarevidesy 1402wy18 GrEater because the
selected eyépeintimictndéwithdohrst paRthadabultichaveibeah, wire ivaded. [MB6F{edirther, a method of
determiningvib2 wHEeiftanhear Rapdashie anadioktheismiconsiisgtonfedaes pIaY bsiintegrated into a

brocess of IERRAING-BRY AR A xamalenh izl aisn.8 leaching Aipcrss lisisaching an

eyepoint accord resent invention may._be carrie In a second step, a distinct teaching

ing to the p ]
process for ‘f’érgéﬂ?%glggfz’c%?ﬂ’&?egp%ﬁﬂtbﬁﬂ% BahdiReRsPeHadang 187 DBARPHIFEES may be taught.
Subsequenfipciif@iriefentectis beaiirasdie i 69 8RE anddradel diatinmistioprof@PReposition and/or
alignment ofitiedleyisaicankt e zon beédgdheditsidaugbic 2dovieyepeaimtcdihen, once the position
and/or aligbn;me&ggﬁ_élaﬁo%\éiaﬁe&asme%h%%ﬁﬂa% @?§§f1@3‘éé%fe%%¥h9§0§$glﬂ&%§ﬂg}o ngetﬁ if tt)hefde
were any i uc e ime irst eyepoint may have the interior of the bon
pads maskgng @’g '?ﬁ 'ﬁl%gr;. g”?‘%r&%%a{]r%dpfg {\1,5\,?16&? t réws[,géclso%gcé?/ceap@?ﬁ 'q0es %bq[nhave the interior of

[

the bond pa%%‘?‘ﬁﬁ%l?@ﬂd(gﬁéﬁ?ﬁgf‘ﬁéﬂim@rib? heHoMERPSRR 113 pakiding &atiBPmfil bond shapes).
[0058]In andfi&iakeraedive mbbelini 848 lapsiviflesayeqittat inteydoenentightbetmeer siomle scan of an
actual devicestoibeoviebradedsney bereompletes rauaivanmembodimartsatdansia pertion of

interiors of thehand prds ke ARl amvt&%n?ﬁ maged sychdhal hedirrigrab e bond pads
may be scanned g%galléughnad sshaarp %OSEJWhlle the me hogs of de errrg_\mggg% bond pads have
i

S.
been erebo(ﬁ(fed Rave been descrbed (an |ﬁaut§?Past8dh|%n aex“?r%%efs of 6. PG ection with

wire loops (P62 Wite'f88 3R RefRe ety aperi PR 2AJ'A98HINdTaY 88 draiaETedt % understood
that the wires¢rorhl $hbeieny cldskéd peayideavectarygiagddatessinelifasvéontecbizsn umiss (e.g., stud
bumps or thehéik@d. In the exampie illustrated in Fig. 20, the algorithm may be configured to

search for the shape of a ball bond {e.g., a circle, an ellipse, etc.) on a bond pad to see
if a wire has been bonded thereto.

[0056] Further features of this aspect of the present invention may also be
provided. For example, the eyepoint (e.g., eyepoint 1010 illustrated in Fig. 20) may be
selected to inciude the bond pads that will be wire bonded first during the wire bonding
process. With respect to Fig. 20, bond pad 10608a may be the first bond pad to be
wirebonded. Thus, eyepoint 1010 is selected to inciude this bond pad. As such, during
the process of using pattern recognition to see if a wire has been bonded to a bond pad
{e.g., by looking for a shape of a baill bond on the bond pad), the likelihood of seeing a
bonded wire (e.g., wire loop 1002a)} is greater because the selected evepoint includes
the first pad that would have been wire bonded.

[0057] Further, a method of determining if a wire has been bonded to a pad of
the semiconductor device may be integrated into a process of teaching an eyepoint.

For exampie, in a first step a teaching process for teaching an eyepoint according to the
present invention may be carried out. In a second step, a distinct teaching process for
teaching a second eyepoint (the eyepoint for checking for bonded wires) may be
taught. Subsequently, when a device to be wirebonded is on the machine, confirmation
of the position and/or alignment of the device could be done using the first taught



[0060]Figs. 21-22 are flow diagrams in accordance with certain exemplary embodiments of the present
invention. As is understood by those skilled in the art, certain steps included in the flow diagrams may
be omitted; certain additional steps may be added; and the order of the steps may be altered from the
order illustrated. [0061]More specifically, Fig. 21 is a flow diagram illustrating a method of teaching an
eyepoint for a wire bonding operation in accordance with an exemplary embodiment of the present
invention. At step 2100, a group of shapes is selgected from a region of a semiconductor device for use
as an eyepoint. For example, the group of shapes may include bond pad shapes, fiducial shapes,
circuitry shapes, amongst others. At step 2102, the eyepoint is taught to a wire bonding machine using

at least one-Qf @@ SAERIeReMicPdiRIoR AeMEsighinpIadstermiRe ¢ dateselaiatdedhe

semiconductqr devjce. This teachin step includ defining loc tio%s f each. of the shapes with
& compléted 1o seé (lfei;ere were any ponded wiFes, 1a such. an

respect to o%geg%?) ﬁé?.nérba% ocations may be defined to include an area surrounding each of the
group of sh&PESHFRRMEyERARTE AYEHIE JEERY fo RCIIAEYhE rE BT RifRBas kAt IPMAsking
predeterminégsafe s of, the ragida)(Wbilesstep 2todd svrtvitiadabe et theiidrivedsiwre precluded
from the eyepainpaborRxREBICEURR: MRSkiRgINaYHNCHde vatagran algasthiestepsaciude the location
of the predetgg@g}%g@;gas of the region from the eyepoint. Such masking may include masking at
least one of (1) interior portions of selected bond pads, and (2) portions of the region between bond -

22 - pads. Atgpsignal stap 2108.2.aeeand exaraintiseudhtie the yire haydiog.maching. The second

eyepoint corres ?nds to shage ?f a POI"[IOQ of a \éwr%égo ona bon ha oIf the sémiconductor
device. For 5)?&%5@?%8 sanna?)euc"il f5Y %%Fﬁoﬁ" Of'the Wire o%\f) i 9“(": rreesporqu Y&RE shape of a ball
bond of the TRPRBEN0RBIERSIP P29 FHoWHiagrahthaPsratrRg 2l bt et BpBAxtR] Bewire bonding
machine. Stepsi2aG0cR2 202,152 (4 pamdo? 2i3ctohthenillustasted srrthedfcobmisponidtesteps 2100, 2102,
2104, and 2106 of the flow diagram illustrated at Fig. 21. At step 2208, a first semiconductor device
configured tgdas9jre borvde iséndettedintodatpradeterinbied pediticvd egn thiesbomikgite) of the wire
bonding maghinesih sieR A2k aneleciekrRrtione kMM [ 3 seNikonAuskae R GaRARiIRcanned using
2 vision sysieqyel10° wike dandna mre R, hersdhe selopled Radfons cosiesaan lo e faught

. ps (i.e.; wire oo
eyepoint (e.g., the eyepoint taight at step 220 step a percentage score is assigned to the

first semicortiVEGIPAE\IEE B dBF PAARY RABI0GHIEYEPOIT D YRR 'S8ILTEE Hi6hihs of the first
semiconductendesiive bREIRGVIRgs sTafs 2R TPsiently HeeHetermined that the position of the first
semiconductor device should be adjusted prior to the wire bonding operation. At step 2214, a position
of the first sd®&iductorgevite i3 atisnedl apiemstipamsanyapas st reaisetedb&synparing the taught
eyepoint to theiseleeted portionseeéihafisatisemicandidctosdeyioe thdsstapii2? I6thwiser Joops are
rreatt'ed (‘_’i_-r? MR Q&'ﬂ:@%ﬁﬁ%ﬂ%ﬁeﬂ%@@cﬁ@&fé_ rgé 'i*(ﬂj%yf iﬁét&ﬁrﬂ?ﬂ&?@%‘ﬁt'g@gﬂcﬁ%g%?%sbondigg wood
ocation. Thus, an improye ration of @ wire bonding machine is provided. . is understoo
by those skil@%yiﬁetﬁéjgaeratlj ﬂ?eg %%tosrg?ﬁi%;oﬁguséte&s e\ |cgee 8355‘?%%8”é%%?x??é’fd%‘é%ggﬁ‘zed with respect

to steps 220§ogg ,etc.ygrggt De ﬁ}gzsap {% j(Te.firsg!tldey:i(:e inde S&r% ter the t%a%poprocess. The term

|
"first' is used'simply to differentiate Ygevicé Trom the s?r%rﬁlrg device ags?c??geg, for example, at step

2102. It is uri§BFEIBGATEERLPIUIMIfy TERANERY ARVHENHDSKET “EREINER, BB E*FTBIRI¥r to determine
what an accesprapdémsnt el ibeaneserttanvemisnamastapiablb scnrep[008upRitsHoeejbrthe fpresent
invention has: besendgscedadoptiotariyavita respechiatldydeliningfeasamaianeyapoinsdin a location of
a sample device,andLinaR(dd SERMBINOHES COFESRNHSOCALIOR-PLAHEYIGHIARE WirgHonded to

confirm that {1 devigg fope Wite bonded 1 acceptable, Il is not Imited fhereto, In certain applications,
it may occur HatTRE devics (@’d’ a(lgfﬁe bond sife) has movgof?orl}hat e SHientation ?Eﬁé device at
the bond sitefi§3eRIRFBWITONG Wiliehdg it ation), RiRASyepifd data rriatrd de itk arraisgriusEtording to any
exemplary entbodinmenis ttiengresentaudentdsipmpiotrsidou nd dacis ol the sgabvs déthice to be
wirebonded. Rap&xagge ath@RePYep@Aliocations may be defined to include an area surrounding

each of the group of shapes. The eyepoint may be defined to include the group of

shapes while masking predetermined areas of the region {i.e., step 2104) such that the

predetermined areas are preciuded from the eyepoint. For example, such masking may

include using an algorithm to preclude the location of the predetermined areas of the

region from the eyepoint. Such masking may inciude masking at least one of (1)

interior portions of seiected bond pads, and {2) portions of the region between bond



- 23 - includes five (5) bond pads having predetermined shapes/sizes and predetermined locations
with respect to one another (e.g., predetermined being through the teach process), the position of a
semiconductor device to be wire bonded may be determined by scanning the device and locating a
feature corresponding to the taught eyepoint. Of course, the teaching of such an eyeppoint may be
accomplished through any of the exemplary methods described herein such as: (1) automatically
generating the eyepoint (e.g., generated using-a2grior data), (2) generating the eyepoint using operator
intervention, and/or (3) scanning a region of the device including the eyepoint (e.g., using a single field
of view, using multiple fields of view aggregated, etc.). [0065]Although the present invention has been
described pravsarilpweiphicespeet t eycpetats ditiizecitoiprapenty.p astivneanthanahgitiagemiconductor
device (e.g7i SBRICPBIARE irbatinGEo NI erRBRUNg dORINSY PIRRERSINGSH BBRASd bumping,
device inspeelion. SI6)-L i dewics: s noLimited, erelo. The ieagnings proyideg erein are aiso
applicable to teaching eyeg)‘glnts Or a variety of other appﬂlcatlons. or example, it1s ?yplcal to teach a

leadframe JPRFEFEaRATLTR PRGFIBSAFE BBHARTY & SEMmIEEHIRSEtor die thereto. Further, in some
applications, a semiconductor die or ieadframe may be taught prior to the semiconductor die being
die-bonded iBAPRleadfriite? TH ML RERB I aERERD 8 MR PP B HHIBGETS! the methods
illustrated irbFign@azpinma§tabso’ BedagpfiedA20dlignmetiaofidérilcomatctimetivith a die bonding
operation. Assisgbnkh e \sasiUS eaemplaryembedimers sofib adv erapbinvRREQERIAYFRJS0 be applied
to eyepoint secognition Witk tegpectin esRBPDLAPET ARRIGEIDNSL AR BINIAG W Jbe. invention is

illustrated and descriped herejn with reference to specific ?mbod_lments, the invention is not Intended
10 be imited TS 8 X STE LA EAEIS v A B8 G OR S oG BE R T e Aletails within the
scope and rER§ & dfGalvERNES EPIs CHmMIESA SaNNRIT\YE ERE A MiFRPfiDFRAEEthv@mRien. 24 Claims: 1.A
method of te&@dhiny@eneyepeinifoibandire banding eperationsdletadathathcomprisingdhe steps of:

(1) selectingr gs0ui: @f shapegEorma saiRmotasnemicangior, drvigefon usesas an eyepoint, the
group of shapes JpClding AL 'easl ARG O iHakhed RF-30ARF B RN SRl AR SR, A, (P circuitry

shapes;
P eyepoint to the selected portions of the first semiconductor device. Following step

2212, it may be determined that the position of the first semiconductor device should
be adjusted prior to the wire bonding operation. At step 2214, a position of the first
semiconductor device is adjusted at least partially based on a result of comparing the
taught eyepoint to the selected portions of the first semiconductor device. At step
2216, wire loops are created (e.g., wire bonded) between bond pads of the first
semiconductor and another bonding location. Thus, an improved operation of a wire
bonding machine is provided,

[0063] As is understood by those skilled in the art, the first semiconductor
device descriped above (e.g., described with respect to steps 2208, 2210, ete.) is not
necessarily the first device indexed after the teach process. The term “first’ is used
simpiy to differentiate the device from the samgie device described, for exampie, at
step 2102. It is understood that a pluraiity of devices may be indexed, scanned, etc. in
order to determine what an acceptable score is, and what is not an acceptable score.

[0064] Although the present invention has been described primarily with respect
to (1) defining/teaching an eyepoint in a location of a sample device, and then (2)
scanning the corresponding location of a device to be wire bonded to confirm that the
device to be wire bonded is acceptable, it is not limited thereto. In certain applications,
it may occur that the device (e.g., at the bond site) has movead, or that the orientation
of the device at the bond site is not known. In such a situation, an eyepoint (i.e., that
is defined/taught according to any exemplary embodiment of the present invention)

may be found by scanning the device to be wirebonded. For examgple, if an eyepoint



(2) teaching the eyepoint to a wire bonding machine using at least one of (a) a sample semiconductor
device, or (b) predetermined data related to the semiconductor device, the teaching step including
defining locations of each of the shapes with respect to one another to bind the selected shapes
together as the eyepoint; (3) scanning a region of another semiconductor device using a vision
system of a wire bonding machine to locate a feature of the another semiconductor device
corresponding to the taught eyepoint; and - &%) assigning a score to the another semiconductor
device by comparing the taught eyepoint to the feature located at the scanned region. 2.The method of
claim 1 wherein step (1) includes selecting the group of shapes to include a plurality of bond pad
shapes. 3. Theudestivel (67 dkimpadyiieriia stegefe)mvtddbersisamgide mdtiproftdtpes to include a
plurality of kesdopadvehapsrand aideastienedidycalGhapanddimmeihadiofieladacd further

comprising She Slep @k JRERNNINS RUERMNALIG INRlVdE w%@m%@&@ﬁm while maskdag _
predetermlned areas of th e(%mn Sl%c that t;;atﬁzedetermlngmagg%ﬁeatr ?cluded from the eyepoint.

5.The methd’d o?r(‘:rfé? WhergiA T éBgo Maskig INcIaaes masking at 5as¥ Ihe bf ) interior

portions of S¥E e &IPS %‘ﬁﬁ (’2)%8?‘6?8?&" Wﬁ@%é@?ﬁﬁ‘ﬁ@ﬁﬁééﬂrﬁkﬁmﬁﬂéd&tbﬁhe method of
claim 1 whereimgitap (thodiudesrietitingiheudrato(s nolades dnaresasng turmding each of the

group of shap@sint (e.g., generated using a prior data), {2) generating the eyepoint using
operator intervention, and/or {3) scanning a region of the device inciuding the eyepoint
{e.g., using a singie field of view, using multiple fields of view aggregated, etc.).

[0065] Although the present invention has been described primarily with respect
to eyepoints utilized to properly position and/or align a semiconductor devica (e.g., a
semiconductor die) prior to wire bonding (or other procassing such as stud bumping,
device inspaction, etc) of the device, it is not limited thereto. The teachings provided
herein are also applicable to teaching eyepcints for a variety of other applications. For
example, it is typical to teach a leadframe or other substrate prior to wire bonding a
semiconductor die thereto. Further, in scme applications, a semiconductor die or
leadframe may be taught prior to the semiconductor die being die-bonded to the
leadframe. Thus, the methods described herein (e.qg., portions of the methods
llustrated in Figs. 21-22) may also be applied to alignment done in connection with a
die bonding operation. As such, the various exemplary emboediments of the present
invention may also be applied to eyepoint recognition with respect to these and other
applications.

[0066] 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,



25 7.The method of claim 1 further comprising the step of teaching a second eyepoint to the wire
bonding machine, the second eyepoint corresponding to a shape of a portion of a wire loop on a bond
pad of the semiconductor device. 8.The method of claim 7 wherein the shape corresponds to the
shape of a ball bond of the wire loop. 9.The method of claim 1 wherein the eyepoint taught by the
method is configured to be a back-up eyepoint of the wire bonding operation. 10.A method of
operating a wire bonding machine, the method compyjsing the steps of: (1) selecting a group of
shapes from a region of a semiconductor device for Use as an eyepoint, the group of shapes including
at least Grenod:(a) bond pad shapes, (b) fiducial shapes, and (c) circuitry shapes; (2) teaching the
eyepoint to the wire bonding machine using at least one of (a) a sample semiconductor device, or (b)

predetermined 44" @%@&?8%8%@%?&’8%’@&@( JeViER bandes CRRTEHLR I TIBS AECRMRT R ations

of each dfereslagbes with respect to one another to bind the selected shapes together as the
eyepoint; (3) ndlexing él@%hﬁb?%ﬂﬂﬁ@&%%oé ARyiseantigurashiR s wise Ronded inko &,

predetermlned %tlonoof t% E\’/?\{geescl)rgc Lrg}gnmac as?f o 0%\% gannln (?_lected rft f the
another sérﬁlcoﬁdtuctgr dévice usDng a VISIOﬁ sys S Of the ;S d 5 ?c%h@? fg%é?ESQ?SS?we of
the anotRBf $ehfEBHEMEBRRESViIce corresponding to the taught eyepomt and

(2) teaching the eyepoint to a wire bonding machine using at least one of (a) a sample
semiconductor device, or {(b) predetermined data related to the semiconductor device, the
teaching step including defining locations of each of the shapes with respect to one another
to bind the selected shapes together as the eyepoint;

(3) scanning a region of another semiconductor device using a vision system of a wire
bonding machine to locate a feature of the another semiconductor device corresponding to the
taught eyepoint; and

(4) assigning a score to the another semiconductor device by comparing the taught
eyepoint to the feature located at the scanned region.

2. The method of ciaim 1 wherein step (1) includes selecting the group of shapes to include
a piurality of bond pad shapes.

3. The method of claim 1 wherein step (1) includes selecting the group of shapes to include
a plurality of bond pad shapes and at least one fiducial shape.

4, The method of claim 1 further comprising the step of defining the eyepoint to include the
group of shapes while masking predetermined areas of the region such that the predetermined
areas are preciuded from the evepoint.

5. The method of claim 4 wherein the step of masking includes masking at least one of (1)
interior portions of selected bond pads, and (2) portions of the region between bond pads.

6. The method of claim 1 wherein step {2) includes defining the locations to inciude an area
surrounding each of the group of shapes.



(5) assigning a score to the another semiconductor device by comparing the taught eyepoint to the
scanned feature. 11.The method of claim 10 wherein step (1) includes selecting the group of shapes to
include a plurality of bond pad shapes. 12.The method of claim 10 wherein step (1) includes selecting
the group of shapes to include a plurality of bond pad shapes and at least one fiducial shape. 26 13.
The method of claim 10 further comprising the step of defining the eyepoint to include the group of
shapes while masking predetermined areas of the rggion such that the predetermined areas are
precluded from the eyepoint. 14. The method of claim 13 wherein the step of masking includes
masking at least one of (1) interior portions of selected bond pads, and (2) portions of the region
between bond pads. ijS The Imethogmo(t_}'claim 10 wherein stepg|£2) includes defining the locations to
include 4n aref PSRNy SBUR S HE§ SO BF ¥RE SRS ST, riEauntod SR YR AR e
comprisitigjeiherstisg orackiokinde saseod ¢ aratigeroetrendieodoriihgraatisimertise steoridedyepoint
correspardingbid dshapenefapaidianabadeirdoop on a bond pad of the semiconductor device. 17.
The method of claim 16 wherein the shape corresponds to the shape of a ball bond of the wire loop.

18. The method of claim 10 wherein the eyepoint taught at step (2) is configured to be a back-up
eyepointgof theT\ﬂﬁé”BB?ﬂﬂr@ Gﬁlﬁ‘azid‘fli‘.ere'” he shape corresponds to the shape of a ball bond of the
wire {oop.

9. The method of claim 1 wherein the eyepoint taught by the method is configured to be a
back-up evepoint of the wire bonding operation,

10. A method of operating a wire bonding machine, the method comprising the steps of:

{1) selecting & group of shapes from a region of a semiconductor device for use as an
eyepoint, the group of shapes including at least one of {a) bond pad shapes, (b) fiducial shapes,
and (c) circuitry shapes;

(2) teaching the eyepoint to the wire bonding machine using at least one of (a) a sampie
semiconductor device, or (b} predetermined data related to the semiconductor device, the
teaching step including defining locations of each of the shapes with respect to one another to
bind the selected shapes together as the eyepoint;

(3) indexing another semiconductor device configured to be wire bonded into a
predetermined position of the wire bonding machine;

(4) scanning selected portions of the another semiconductor device using a vision
systemn of the wire bonding machine to locate a feature of the another semiconductor device
corresponding to the taught eyepoint; and

(5) assigning a score to the another semiconductor device by comparing the taught
eyepoint to the scanned feature.

11, The method of claim 10 wherein step {1) inciudes seiecting the group of shapes to
inciude a piurality of bond pad shapes.

12, The method of claim 10 wherein step (1) includes selecting the group of shapes to
include a pluraiity of bond pad shapes and at least one fiducial shape.



19. The method of claim 10 further comprising the step of adjusting a position of the another
semiconductor device at least partially based on a result of comparing the taught eyepoint to the
scanned feature. 20. The method of claim 10 further comprising the step of creating wire loops
between bond pads of the another semiconductor and another bonding location.
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13. The method of claim 10 further comprising the step of defining the eyepoint to include
the group of shapes while masking predetermined areas of the region such that the
predetermined areas are preciuded from the eyepoint.

14, The method of claim 13 wherein the step of masking includes masking at least one of

(1) interior portions of selected bond pads, and (2) portions of the region between bond pads.

15. The method of ciaim 10 wherein step (2} includes defining the locations to include an
area surrounding each of the group of shapes.

16. The method of claim 10 further comprising the step of teaching a second eyepoint to the
wire bonding machine, the second eyepoint corresponding to a shape of a portion of a wire loop
on a bond pad of the semiconductor device.

17. The method of claim 16 wherein the shape corresponds to the shape of a bali bond of
the wire loop.

18. The method of claim 10 wherein the eyepoint taught at step (2) is configured to be a
back-up eyepoint of the wire bonding operation.

19. The method of claim 10 further comprising the step of adjusting a position of the
another semiconductor device at ieast partially based on a result of comparing the taught
eyepoint to the scanned feature.

20. The method of claim 10 further comprising the step of creating wire loops between bond
pads of the another semiconductor and another bonding location.



