METHODS OF TEACHI NG BONDI NG LOCATI ONS AND | NSPECTI NG

W RE LOOPS ON A W RE BONDI NG MACHI NE, AND APPARATUSES
WO-SRIPERFORM NG THE SAME FI ELD OF THE | NVENTI GMCT/00124/055407

The present invention relates to the operation of a

wi re bondi ng machine, and nore particularly, to

i nproved net hods of teacplng bondi ng | ocati ons and

i nspecting wire |l oops on-a wire bondi ng nmachi ne.
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device to be wire bonded is accessible through aperture 12a of device clamp 12.

[0004] A portion of an exemplary semiconductor device is shown in a cut away
side view in Fig 1B. The device includes semiconductor die 102 supported by substrate
100 (e.g., a leadframe 100). Wire loops 104 have been bonded between (1) bonding

locations on semiconductor die 102 (i.e., die pads 102a, 102i, etc.) and (2) bonding



| ocati ons on sem conductor die 102 (i.e., die pads
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[0007] Certain conventional techniques (e.g., algorithms that select, scan, and
store the taught information) are used in conjunction with a vision system to perform
the teaching operations. In many conventional systems, the eyepoints/bonding
locations of a substrate/leadframe are taught independently of the eyepoints/bonding

locations of the semiconductor die mounted on the substrate. For example, Fig. 3



the teaching operations. | n many conventiona
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mounted on the substrate. For exanple, Fig.
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[0010] The conventional teaching processes described above (as well as other

conventional teaching processes) may have provided acceptable results when the



proceeding froma die pad to the corresponding | ead,
then to the next corresponding die pad, then to the
wmeoov/168202 espondi ng | ead, and so on. This is PCT/US2008/055407

illustrated by the zig zag dotted line extending from

| ead 100b. [0010] The conventional teaching processes
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Accor di ng to an exenplary enbodi nent of the present

i nvention, ing |l ocations of a
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of times to obtain position data for each of the bonding locations for each of the
repeated steps of teaching; and (2) arithmetically deriving more accurate position data
for the bonding locations by utilizing position data obtained from the repeated teaching

of the bonding locations.

[0014] According to another exemplary embodiment of the present invention, a

method of inspecting wire loops of a semiconductor device on a wire bonding machine



of tinmes to obtain position data for each of the
bondi ng | ocations for each of the repeated steps of
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accurate position data for the bonding |ocations by
utilizing position data obtained fromthe repeated
teachi ng of the bondi ng_éocatl ons. [0014] According to
anot her exenpl ary enbodi rent of the present invention,
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device on a wire machi nei s provi ded.
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ence of a wmre i hg” machi ne), or as
used incoRpetion %F%@Mﬁb%@t%d@??*ﬁ?@ on a conputer readabl e
carrier (e.g., a conputer readable carrier used in
connection with a wire bondi ng machi ne). BRI EF
DESCRI PTI ON OF THE DRAW NGS [0016] The invention is
best !J”d.efst%)@EFUE%Egm‘?owﬁ BRaRgHGL! ed
descri ption en read in connectron wt

acconpanyi ng draw ngs. i s enphasi zed that
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accordiag 5o ARENOPrPTACHEGCEF faSiouR feat ey © Fhs-grauites; a5 ok
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i ne used cor exenplary
enbodlnent of the present invention; Fig. | Bis a
cut - afigy 14iigia blackJiasram RessReSBYRIVIEVGH CEBPPBRNtS OF B tifeng

bondm%"n’ia@:hlr@%dﬁ’ﬁ QudofdMde Ni@CH bEdhplh iyt SRISEUNABAT drQRe present
tween a | eadfrane and a sem conductor die; Fig. 2 is

inventignip| ock di agramtop view of a semiconductor device
including wire | oops providing electrical
i nt er E@NNeds bant-babywsite view efabemiendundoradevice including wire

loops p?oev%iﬁgrége%&ﬁc%\’ in%r%c')nnection between a leadframe and a semiconductor

die;

Fig. 2 is a block diagram top view of a semiconductor device including
wire loops providing electrical interconnection between a leadframe and a

semiconductor die;

Fig. 3 is a block diagram top view of a leadframe illustrating a

conventional technique for teaching leads of the leadframe;



Fig. 3 is a block diagramtop view of a |eadfrane
illustrating a conventional technique for teaching
WO emwdsos2d2 t he | eadfranme; Fig. 4 is a bl ock di agpEnUs29p8/055407

view of a sem conductor die illustrating a

conventional technique for teaching die pads of the

sem conductor die; Fig. 5 is a block diagramtop view

of a seniconductor devi&@illustrati ng a conventi onal

techni far ' ' ' . .
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with y&HHeehdrebmplary BMbBARSER b tHYSREdRNAvdntign; 10 i1s a
bl ock diagramtop view of a device clanp of a wire

bondi chine defining an aperture throu whi ch

o v a6 8 TabA e Ved B p stV Es B Mg fedne
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whi ch | ural,i,t f sem conductor, devices to be wire

bondod i 2ek drardiilol ey ek S dekts shim o't Fe Bohdng
machirge defoting guepérburettBacigh mghidhom dlunglity o€ s¢misnsdwetoradeyices to be
wre b SFT OB, O UL 500 P REERAPIRS AR el
bondingjlgcatipps pEore pf ihelseaiicogauetot devicasdpagordanewitearethamn

exempRiry @mMobifn & ik D prEBER iRGerfiRhl N Ng an aperture through
which a plurality of sem conductor devices to be wire
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O ee i il Aot fPmL BB R gl P GERLT SRS DakR bgRang
machinehdefsdmg amapertirerthabagh oddch @ phcalty déperaiconhddtt@devices to be
wire bonded are accessible, the block diagram illustrating a technique for teaching
bonding locations of one of the semiconductor devices in accordance with yet another

exemplary embodiment of the present invention;

Fig. 12 is a block diagram top view of a device clamp of a wire bonding
machine defining an aperture through which a plurality of semiconductor devices to be
wire bonded are accessible, the block diagram illustrating a technique for teaching



exenpl ary enbodi nent of the present invention; Fig.

13A is a block diagramtop view of a device clanp of a
wawee/1es2ozdli ng nmachi ne defining an aperture threCrybsS2008/055407

whi ch another plurality of sem conductor devices to be

wi re bonded are accessible, the block diagram

illustrating a techni que_for teaching bonding

| ocati ons of one of the Sem conductor devices in
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exemplark FMbPdIMenEef the Rres 'BYe”zS'OW re bondi ng machi ne
defining a aperture through which another plurality of
sem caiglusihas adgadkadsgram top weéw ef Hasdes clan of a wire bondlng
machil?egér:e%?lzr{aég%ﬂe %é Eﬁ gll]ro% gvchz raglnnrgstll'l%rfplfl.lergéﬁt cle)f?s%{’nﬁ%otn% g:or eV|ces
to be vembarnsied e @ﬁceasbiecése blackadiogradaitlcetralinda yethnimuetfber
teachlrﬁj(S‘éHHn?d MR b BRE b He §e|?ﬁc&{o%§@?tde{n@¥semtéc@@rdaﬁ&@wntﬂr“’

diagramillustrating a techni que of teaching a
a”Oth%Gﬁ%‘“H@"Y gERedigienhRbne RiBFt dvelEiafe position data is
arithnetically derived for the bonding location in
accor daasBvis tatblguktduagramp VE(E B4 aémc@m‘aa@i dffal’hlinr@bondlng

machlr]feh(?efﬁlrlr%egsggéer't@r\é%ﬂi?ugﬁ wh|c anojtéer r I|F % slfaﬁrﬁlcoa r ctor deaces

evi ce I
to be wiechpiidgderé egcessibleetite bigclp@aonaonélueﬁratmg e téabojssieifor

teachr@%ﬁ?&'ﬁ@a%rﬁ%f %Qct‘?&feﬂﬁgls@ﬁﬁco%ﬂp&gl" gBhtesah a‘i:&ﬁ’d&?c%s\ﬁm yet

i'nvention; g IS a block diagramtop view o
anotheg exemBIaAN EMBP 'BE\V‘F EBthe TSIt MYERYOR: t echni que for

i nspecting portions of wire | oops in accordance with

anot heig. aﬂaﬁ]a:jcﬂaigfamﬁb@ﬂi'dtm@ta tkfchrﬁlh&e Bf &iﬁelﬁihg iafbﬁhﬂtrigon

a di.a stral a tec

ocatiof sz o BB Be§Tob pele” s A PG RAPrHf o6 bapgipe
locatiod ém hedondpnee méthayst @nather Enspelety embd@tranf of thiehwesmmt t i on
inventigh; the wire loop in accordance with yet another

exen‘pl ary enbodi nent of the present invention; Fig. 18

is aflowdiagramillustrating a nethod of teachl ng

bondi hif-113daRI draramstoniénaliz senicady e ¢ayire illustrating

a techiiglgé for OmedlectSiLPSItibRs BCRILE BRE e Wedohdahide WIBINGN @feynplary
' resent invention; and Fig. 19 is a

nbqd f th
embwﬁl‘%@&%ﬁ%bﬁ%ﬁ?%ﬁs‘éﬁﬁ&t| on of the intelligence of a

wi re bondi ng machine in accordance with an exenpl ary
enbodifigen ief Hdnk diagrsemtopivimve nf & semDEAAIdtEIMevice illustrating

a techmrl?ﬂg gc\é rg:erHEné BM%M!O%E ErPQcﬁ'c% dﬁ%e mdaﬁﬁ{e‘?'egl mplary
he term comp onents" of sem conduct or devi ce reF IPS
embodlment of the present invention;

Fig. 17 is a diagram illustrating a technique of inspecting a portion of a
wire loop by arithmetically deriving more accurate inspection data for the portion of the
wire loop in accordance with yet another exemplary embodiment of the present

invention;

Fig. 18 is a flow diagram illustrating a method of teaching bonding
locations of a semiconductor device and additional steps in accordance with an

exemplary embodiment of the present invention; and

Fig. 19 is a block diagram of a portion of the intelligence of a wire
bonding machine in accordance with an exemplary embodiment of the present

invention.



any two portions of a sem conductor device that
i ncl ude bonding |l ocations to be connected using wire
wO owpaos2tnr exanple, a first conponent of a  PCT/US2008/055407
sem conduct or device may be a substrate including
bondi ng | ocations (e.g., a l|leadfranme including |eads),
and a second conponent of, the sem conductor device may
be seniconductor die mounted on the substrate. In such

a confi gur aigram ddBEsHRIPG P OREMESINGENTION | eads on the
| eadf rane, and di e pads of the sem conductor di e) may

e connect usl wre anot her exa
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Li kewi se, as wll be understood by those skilled in
he art ny of h aspect t he resent %
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i ous aspec e present invention relate to
t eachi ng processes/techni ques/al gorithms. O course,
[0019]he uds ipknewie teipse skilledh i thearhithg teqchingraf eweeaintsend
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[0021] As provided above, teaching of eyepoints and bonding locations is subject
to several error sources that results in measurement variance. Exemplary error sources
may include: xy table following error, xy tablemapping error, servo dither error,

machine vibration error, hysteresis error, thermal drift error, optical resolution error,
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traveled during the wire bondi ng process. By

measuEyRENtHNCRGPRe t each process in this manner, accuracy

of the teaching process is inproved because of the
[00233 M ssiAmordfngvi@nianiass exeroplagoertibodionehens the bedseot invertion,
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and (2) the wire bondmg operatlon In certam exemplary embodlments of the present
invention, the teach process is automatically repeated multiple times so that multiple
images of each bonding location are obtained and may be sampled (or otherwise
mathematically manipulated) to obtain more accurate position data for the bonding

locations, thereby reducing the potential measurement errors.

[0024] Furthermore, certain exemplary inventive techniques may be utilized in
connection with a PBI process to reduce the error source contribution to the inspection



[0024] Furthernore, certain exenplary inventive
techni ques nay be utilized in connection with a PBI
WQe@eaes201 0 reduce the error source contri butiPCI/US200$1655407
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I I
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rperatlon exanple shown in Fig. 6, the order
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taught fﬁ?ce(las %Qted Q?Qhé 288 %ﬂ“tﬁéﬁ‘%‘é&ﬂ&ﬁme%&?pcﬁé{f

four as i ndi'cat e

secondc@arl@.@cat?%nbx the el 1bS), dhemperaicondustoradie euerpint 10782 is taught
third (& ﬂafcatégftphﬂh‘éyaﬁéﬁec @)’@ﬂptHéh%eﬁﬁci%nHQéttG‘/"Hle@)ép%fﬂf Y(?]Zaz is
er oi pts are aug scanne
taughtIGE s BRSO TR B S0 e B CabRE NS IR SemA: in
naturesamdwhe ionddFiigwhéch thheybmpriclisage kagat haysvaay.e t aught in
t he order in whi ch they are to be w rebonded (in the

[0027$r der ﬁ?{ert e);e.rbroﬁﬁggre t%ﬂ 9§canﬁ9@ h@%oh{ﬁag'l&atlms are to be

or the il strate SeﬁlCOﬁ uct or
taught( .Inéh%ew@ma.s@owow 5i9d 61 Eedranding lecrtions prretapohkindiba deder

in whldhrt(hﬁfl are toSb@wnEbcgw@aq.rI mebﬁa@r O enrSl *zm&s%tteheam Fig.

6). Thilhfr Heclbrirtel REMBBRG O ot em (e AR P 02PN dirams:
100), thervdte boridr pfogramiis eodfrgopecaito tebine vieed st&2iag vattda Wiverfrars die

pad 10%8'1%%5‘%?5&0 I@&%%P?cnﬁ‘éll?ogu t‘bo(?"u . § %mt 2 c'bn Lﬂ?&%‘%rm a

I Ng ocatl on
first band of @rwireylooe @b Miie Bash#025, aﬂﬁéhw \5e,conig@pechto ¢>@emﬂ q@mth of

wire toltheSebshd By 18dtidn"(1dddOt008),3hdtin@n Reebnk8a/d to form a
second bond of the wire loop at lead 100a. This is made clear in Fig. 6 as die pad 102a
is labelled “1” and lead 100a is labelled “2”. In keeping with teaching the bonding
locations in the order in which they are to be wirebonded, the teaching process then
continues to die pad 102b (labelled with a “3”) and then to lead 100b (labelled with a
"4") (a wire loop is configured to be extended between die pad 102b and lead 100b).



is |labelled "1" and lead 100a is labelled "2". | n
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process then continues to die pad 102b (|l abelled with
a "3") and then to |lead 100b (labelled with a "4") (a
wre |oop is configured tl? be extended between die pad
102b and | ead 100b). Then-the teachl ng process
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the teach process), and as such the position data associated with the scans may be
collectively used to determine more accurate position data for each of the bonding
locations (and if desired, to provide more accurate position data for the eyepoints). For

example, using the position data for each of the multiple scans of a given bonding
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are taken of each bonding location during the teach process. In the example shown in
Fig. 8, the wire bonding machine (e.g., the pattern recognition system of the wire
bonding system) obtains multiple images of each of the bonding locations through

multiple passes, where each pass is conducted in the order in which the bonding
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bondi ng | ocations (i.e., the die pads and | eads) where
the bonding | ocations argstaught in the order in which
they are configured to be wire bonded; however, |ike

locatioh$ gre donfifuked t8 Heswitk bodtedntThiat BmattHe firet béndiklocation (i.e.,

aie padbid ihfectFiaBe AFPRE 8E R By BEERRPE Lgfedslh mrgnex
bonding,lo¢dtienwi.e ¢ ldadnidiOag |l|mtrhte|sehétethgeq imdges pad taken as indicated

oy thel@EPH, B6003Y S UrdrbRi6 nDRRIES, SHSHaR) 1.0BKEh BFcre
iy § A

e | m ndi ng | ocati
pad 10t2ﬁr(é%|§j}¢"i?ﬂ¢q \pF"ee 'BB%’sés) tWTE@ré'%'SMS@ qtsie%h‘éﬂfc(aéd

indicated bl tRe QIdEY2") Nthidh IaﬁhmtaB@.sb@neH ROHiRGAI 1@% (a£ ﬁldlcatc-%-d by the
e fir S

dt nded.  Th
abel “§AnanE0 o0 S st otk B EMplaie Do FnyifiAge § kst lsad
100l (dsakeinated byrte cattebtR43y. Afer trabikt pdsk,is 2ompke8 jwithl'be total
bond i o il S .
imaged (ekbn AP ad PR Rl obaudin: o SEAMa HIRE s JanHALE BbERning
with die'Fd 1083 (88 plicasrbithadRPHIGRER: Hyen aminidse 1 Faken sdes] 100a

(as .n&&tém&é @béla&% 8hd db %npa&.ﬂtﬁgae&oaa aaagg tewvﬁéaean

en
image {<iaKER 2B lro0, 0D s/ AgErted By)the Jaber i) s plECEeecadpsss
compleate prﬁ&ﬂt@ﬁﬁb irhagesl tﬁder(;a:tnedobcyadwl‘tﬂmb&igelbca’tﬁn) a aid [SBs is

condu%(gg?(lé%&é?mp W|§1 (5'8{5)%5 (lgggias mdm%lz'ggil ﬁiev\h&fq gg N, E%g\e%nl |§nage
is takeafat dgadt HiDaf (as ndigpdied by Shectahpll ‘©08), (avuﬂtSh op4unitthk thindhgass is
complét@mn MNfhagelis BAkehR a@%‘a' 1'?:@)[ él).iclﬁa iRk b{’thé%ﬂ%? S $n

I'S conducte beglnnlng &as I ndi Cat ed
betweqfyeaghePasa g eyepgings (g. ﬁeﬁY%ﬁP'nﬁﬁe}&QaismO&Re 02al, [184@2, or a
portloril@lf)@ne(ei?épélﬁtil) ‘hﬁiyﬂﬁé Qjﬁnhé’tﬁadjaﬁb%nd #He éyep@lﬁfjs, 1$8y 88 scanned

he se ass
muttipflhes I B RO EAL P78 NG AFUEN b T A B PO g flata for
the eydyidims).t Meuss ¢lcrondh plaessthres passaplakee i Whd brd2dirt whiah the bonding
1 es. i , h | j , i
Iocatlobggga c?osntﬂggﬁegi to gNEeB?rﬁoﬁe?htmggﬂ‘hQ%seaqg géc#e%g% aea?l’éégrlncflgg
locationn disqt! &g ctseycr!treé in greater degall belowe thega Mivitiple inggesaren be
used c@l‘iec‘cﬁé‘l? tgg%e(&sa élH@lbQﬁ&@%c@d’raﬁé‘r‘%pké@ﬁ{atloﬁQ)f the FoticHOof
the third pass is conpl ete when an |nage S
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epr esent ti%on
shown|ip i ildn., Device clamp 106 deflnes aperture/window 106a through which

devices to be wire bonded may be accessed using a bonding tool. As is known to those
skilled in the art, a number of devices to be wire bonded may be on a leadframe strip,
and the leadframe strip is indexed such that a portion of the devices to be wire bonded

are positioned within the device clamp aperture. After this portion of the devices has



[0033] By using the exenplary techniques disclosed
herein, inproved position data for the bonding

wo owattosans nmay be derived, and stored in the nREDDY200$/055407
a wire bonding machine. Wien it is tine to wire bond a
bat ch of devices, this inproved position data may be
used to bond the batch of devi ces wi thout re-teaching
any of the bonding | ocaf it8ns. However, it may be
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the batdhadffdeaires Bﬁﬁ))mclwﬁjses'ﬁmrmratbj(w@&ozi smpfb@@d(lﬂ/lJpqixiframd 200,

p .
semiligL 67514 3P 199435 BRESHH B L0 BB ABRD! Ui
suppoited by tgadfmmectd®. di e 102 and | eadframe 100 have been

taught in a manner simlar to that illustrated in Fig.
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rder i n which ng are conf i

toug A D PR RO RS Preent DYERT BFY be
scannédmutLphtines casodeticnied abave iexemEctioly weihitFogh. Tesit Thét it hiég.
10 illugfr %t%?”rrﬁ ﬂ‘l\/ﬁ&'oggtlon-ghotll%EmﬂoBSﬂ tBP4i€ 132 3 fPaQr?é I&b@geing

| o¢at1 ons or sem con
taughtlip Zhamennendf tlham;rrm@r@m gt logatiang Oﬁsgmcgndltqwrsdle 102

and Ieg?ﬁ'ﬁ'né“i@@rsﬁ&\ﬁn RPBigt VOrﬂ.lléé@l'is"é W%Y 1@@I®%Eésecqetb%n§m9@(§déhons

devices to be wre bond where the batch of
of semigapideger figy! 42N \gadfsame éeﬂ @66‘9&@“@“@”26‘2 ManARottee by
corresF@r&ﬂlﬂg’ BORiR (bcaSad cﬁ%@ﬁiﬁkﬁinlnctdl' 8iedAD2 Hdppadftatle DO shown in

d t di 402
rig. 81 BB TR oh ) AFOBRE PR RRY Wi eotia PP Ee e fihe
bondntgplndatr@ dwirgt thetsaddf protess s»&tlrd sngae dewce, ghglppsition data
obtain@& (aﬁFiﬁ? @gcﬁ O t"ﬂ@ n%(iﬁg'@lségﬁfs DI dTR0Ly B JtiiCed LS a more

accurate representatlon of the actual bonding locations. Then, the position data
obtained by utilizing the collective position data from each of the scans may be used
when a batch of semiconductor devices is wire bonded (where the batch of devices may
include semiconductor die 202 supported by leadframe 200, semiconductor die 302
supported by leadframe 300, and semiconductor die 402 supported by leadframe 400).



scanned nultiple tinmes, as described above in
connection with Figs. 7-8. That is, Fig. 10
WO Rlogges2ez es t he bondi ng | ocati ons of sem condRCT/U82008/655407
102 and | eadframe 100 being taught in the manner of
t he correspondi ng bondi ng | ocati ons of sem conduct or
die 102 and | eadframe 1QQgshown in Fig. 7. Likew se,
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more afgtratapesiten datador tiei tomdingylodagions. | i zed (e.g., through

sonme type of statistical/mthematical analysis such as
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aperture 106a i n FIgs. are sem conduct or
positiogn2 supported by | eadfrane 500 sem conductor die 602
supported by | eadframe 600, sem conductor die 702

[OOBQUDDOFKHEIg i0Ys Jl:léﬁgc;wéﬁt’lﬁrggﬁ variods &Qaftfh&%rtﬁhllﬁblﬂllfwrfﬂ ﬁle%gltlon
qrte ea |

cata opR A st B Ml s Y n e ung RPra o Eoance i

the predent mveatjorh eTpeurhomaniee some of ther methodbtiethave been described:
(1) a single sample device being taught may undergo multiple scans of each bonding
location to obtain multiple samples of position data for each bonding location (e.g., as
in Figs. 7-8 and 10-11); multiple sample devices may be scanned one time each to
obtain multiple examples of position data for each bonding location (e.g., as in Figs. 12

and 13B); and multiple sample devices may undergo muitiple scans of each bonding



nore accurate position data for the bonding | ocations.
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coordi nate axes (where the coordinate axes is
illustrative of a position within the coordi nate

wWayEpaea20f t he sem conductor die on the wire bRETUSLP08/055407
machi ne). The position data nmay be described in any of
a nunber of manners (e.g., top edge of die pad, bottom
edge of die pad, |eft edg; of die pad, right edge of
di e pad, center of die pad, conbinations thereof,
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data may then be mat hematical |l y mani pul at ed |n or der
to arithnetically ders ves.mere a rate position data
for die pad 102a. ¥or exgpl e, — 3%@ col l ective position
data may be averaged L? §§r|yf nore accurate position
data for die pad 1€2 -~ Ay i@xenpl ary expression
for averaging the ‘collective position data is: N 1=1 X

= Nwhere an average x position is determ ned (using
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matherrentaﬂypoampUIased ol Euﬁhmatl@?dlw derimp gﬂOwa%’ afgorasttionstaia for
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uStrated as solid x 1400.

may thepke §ayed LM/ @emere 8fn SN %RWWL%”‘@%@'”G 2%9 1t HS bond
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techmghgleh‘;I rB?J‘?E? SH{T?%’ g PF]OV' 5cc§"zﬂ8 W’s@ign E’Q&%F‘E{:édb%ldty

&1 Ve [ore. accurate
when poliple saandaf thef mpeawhmnﬁenglblt@ﬂ% «ion. This nore

accurate position data (for each bonding | ocation) nay
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taken of each bonding location in a single pass) it is clear that this is an example.
Thus, the techniques described above in connection with Fig. 14 (or any other
mathematical manipulation techniques) may be applied to multiple images taken using
any of a number of techniques. Further, while 3 images are used in connection with
the example in Fig. 14, any number of images may be taken and utilized in the

arithmetic derivation of more accurate position data for each bonding location.

[0045] The benefits achieved using the teaching techniques of the present
invention (e.g., substantially limiting the effect of the error sources described above)
are also applicable to inspection techniques (e.g., PBI) of wire loops that have already
been formed. For example, Fig. 15 illustrates semiconductor die 102 supported by
leadframe 100 (as in Figs. 2, 6, etc), where wire loops 104 provide electrical

interconnection between respective die pads (e.g., die pads 102a, 102b, etc.) and leads



techni ques may be enpl oyed to provide nore accurate
position data for eyepooints when nultiple scans of

W@ b@9ayepdi nt s have been obtai ned. [0044] Wi | BCT/H82008/055407
exanpl e descri bed above in connection wth Fig. 14 was
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teachi ngtech nljues di scl osed herein, etc.), anon
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may ofl@ Gk @%EQ@tmhsb&Q&ﬁé ﬂfst bbR@A6itioh of tife @arel&apst(h@ ., in Flg 15

the ﬁrﬁtﬁné)g plpgtlcf % thI rr% lo s?a aéboﬂilob &dIR%)V\%?rH%IrmF@on each \3,% pads of

semicadbstoadte HJZI)y NqnntrteIGtSIa,elt patyere baalefitiol tocepvathe iofagirige
equiprR&it \dr QS bis g?ﬁ%rﬁgﬁ%r‘?l”sﬂratecoowﬁfsﬁ Wa} intfi@ed FRGNBGons

equi pment o noves 1 n the or rom 1-24, as
to the quﬂétqoaﬁ“é‘é lpgatipng. 15 (e.g., the operation
illustrated in Fig. 15 may be conducted after scanni ng

[0047]he _eym&@matt\@l;) @Dahothéao@aaqplé@rzalm inllgads, iDARG beafkRkired to
move {1 /blebed: e85 kRS sy st Dy i ARNES pobREe lipptpt ¥ be
inspectaddi Indtigdl &) yfteheny désited’ allgmméntim}atlgtmnerttrcenmdrbvesannlng
of the Eg%éo‘ﬁﬂgéégoaeggﬁmhﬁ da%"goéa‘io 18?%% lbr@ﬁ' g?ttﬁg nwlowb%th begins
at die pad 102a (as indicated by the label “1"), then contlnues to die pad 102b (as
indicated by the label “2"), then continues to die pad 102c (as indicated by the label
*3"), and so on, until the final image is taken at die pad 102l (as indicated by the label
“12"). The path illustrated in Fig. 16 does not follow the path in which the wire loops

were formed (as in Fig. 16), and as such does not provide certain benefits related to



i ndi cated by the | abel "3"), and so on, until the PRS
reaches |l ead 1001 (as indicated by the | abel "24").
wORbaos202 certai n applications it may be desi rBil/8S1008/055407
obtai n i mage/ position data for each bonding | ocation
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average of the entire ball bond is illustrated as solid circle 1700. By obtaining more

accurate position data of the ball bond during PBI (through the mathematical

manipulation of the multiple scans of the ball bond portion), more accurate PBI results

may be achieved.



techni que for using the various sanplings to
arithnetically derive nore accurate position data for
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providing inproved inspection data according to the
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device, and (2) bonding locations of a second component of the semiconductor device.
For example, referring to the semiconductor device illustrated in Fig. 6 (where the first
and second component are semiconductor die 102 and leadframe 100), position data

may be provided for the die pads of semiconductor die 102 and for the leads of



like. This is further conplicated because potenti al
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( g., second bond portions). [0052] Fig. 18 is
[0054h f | owt é‘ieﬁglrsé’ﬂw thet esdingt logrjions of Sesfiek eprpperapt of the

sem.coﬁarm& cﬂ@mesarﬁifthbré&d?fd%@rmonbﬂﬁ/&rﬂwb QBmiddhdl&oraElRESS R0

illed in art, certain steps included in
taught (Kg9ra 950 of 5P FRFBLBRRIbe EIoD@T TRl SCRERtE PBHGP™ oate
for at |edse ponttgh bfethadaeaeding dowhtibhe obthaddirstodontfodeat @b thesected

compor‘?éntte T?lg tg{ﬁ?\mgt {lgp ?sr%%du%ﬂeh % ttgggh‘ie th[eoo%i@}ng {a%grés Il't il‘)e

SpeciTl ca ragramin
order '%Wé!ﬁ@ they ﬁ@amﬁlgreﬁctﬁdaervgre b@ra:teﬂmsth@fwée bendinoomagiiner For

examp@e}fﬂgcg |Iltﬂfﬂr%t4923n §rtd€p§f t?éfacﬁlﬁc_ﬁ mé‘goﬁ:ﬂrqg lo@mtﬂe@gwn\md& die

pad 1008 QORHIIAE | RPHBRIIRS ahieadg0r dRqies  BETa AL HREAS bR
teachin@fstép 6f it&b 1eomméxrteme @@p&lhEs@&mr@CH’déWGt mozdes/re‘peateamﬂ

predeter Bl @b s il do PP AN s BaRGr 71 e Eiples o
repeatigg rlﬂne:tﬂadbuog eroaey slomvn Inl kigt 6 atesitiustrated g At 6tepvitedBe mone

accurate! ;&%ftuoﬁ&%té%“é}ﬂﬁ %G%grb%?ﬁleé‘?cg S'B‘oﬁ&ﬂg‘i&ta%nﬂélﬁ ?f‘?e

rane t1on PrOVI
pos'tlo'a Hatagrhiaingd §oat tf@erﬁp%aiﬁ@l &%accbmgonféhqbgncaﬂ@ ofcationshefor

example® 8ids 1@fll®&<§fésad7ﬁleﬂ|% forl BV Sraginl *hdTBYsitiéh BER\ULERHed frofm 3
xanpl e ?ﬂép h a teach process, or may be provided
scans Og)? ‘-%? b t(cg’ g., CAD data or the like). At step
1802, the eyepoints of each of the first and the
[0055% econdt seppd@1entviraieopscae gthadshangedrhtheRRBdggsbeations on

the ﬁrsE Qﬁd ‘éﬂaéo%shoaﬂ)oﬂgntgﬁt% tg\% Té@%c@urafeeg&rltrém@attao P Tampla,

rane eyepol nt
Fig. 151tb@élLateSa\glrwéqqps 484 éy@p@wate@cu.mhlnt%m@n rn.e@;zarz betwggnpe

respecﬂ@l&ms dfmh@d@r&dsbegw&sﬁd&mﬁ&e hy2 tahe né%aS of [3884ineAlo0.

1804, the bondin atlons of t
At stenisiBo AL AL R POTIB LTS BITa s opEHod HeinG fhe BBS ghthe
wire bandimgonectiinaf Férhexasaie, d-‘mgmlustxﬁllldﬁtvateexamelatrm@hhuquss fog

scannl%CE§§o ;(J.ggiﬁﬂtrb%llg)%ﬁgippgci \W‘?‘e o%ggqii)ﬂl h nore

ura east portion of the

bondi ng | ocations of the fi rst conponent and the
[0056% ccondig- 19 is a block diagram of portion 1900 of the intelligence of a wire

bonding machine which may be used in connection with certain exemplary techniques
of the present invention. Portion 1900 of the wire bonding machine includes control
system 1902 and pattern recognition system 1904. Pattern recognition system 1904 is
configured for teaching (@) bonding locations of a first component of a semiconductor
device (such as die pads of semiconductor die 102), and (b) bonding locations of a

second component of the semiconductor device (such as leads of leadframe 100).



conmponent. The teaching step is conducted by teaching
the bonding locations in the order in which they are
w@owbilgeoed t o be wire bonded on the w re bonBETHS2008/055407
machi ne. For exanple, Fig. 6 illustrates an order of
teachi ng the bondi ng | ocati ons begi nning at die pad
_ 102a (l abelled "1") and egging at |l ead 1001 (I abell ed
"24"). At step 1806, the feaching step of step 1804
Contr&l""@gtetnh@982' ﬂJo@E aﬁﬁﬂﬂ%@%@i Of Cgrﬁ%)s?/étémrfé?ﬁqg %gnf?gured
et ern1ne nunber o or exa reter
to CO'ItEP' PPgEation_of paktokn regeghiliessystem éﬁ@étsuﬁgthaﬁ @att@labwswltlon
systeidl m&%aa*é@\me ancﬁh@loc@tlé‘l’ﬁﬁof‘ thé isdt' Bhpdnemtarti BB s:&H3:
cur 0Si t1on S arlthnetlcaI%Y deri ved

comPRGEA A SR 549 BT R e B GeTLare tabare
bondeubt i mexjrebambhdesnlﬂﬁaate&idntmdﬂ rgrtaif mﬂb&nb)@dﬂﬂpmsﬁes

I met ho
eSS BBl R SLG 363, S TELRe
contrejfsystegi i/%fhz mdallmﬁgrucﬁcm foopattgro 08B pnition sy steml 8A®, regarding
opera'l:nQF?Bis p@trt&nfr@{:m MWH 1668, anigl'oﬁglyl (B‘é?céllnorréﬁoé)rﬁtlcmgystem

first second mponent usin e nore accurat

1904 6%%4%'F@ﬁe@§faat° @@Fmé%eﬁmel%?l é‘g minle |agesare ke the

bondlh@mtldlﬁ)&‘hnm féétlﬁih@@r@ie@@(d’rl |ﬁﬁh|ultidl‘é Eﬁé‘gk@%@@tak‘éﬁ dpet ween
ucto

precel SRSt Po ot oy P ook /G ROt R PR 204 Jhodk oftadugy be

used by pdithinetic ohittl962ate arithoogially derivespect adutasé pgsitibredata (or
F

e A e e T N

in natygg @nq)ﬁ@y(t@ Rjowdpql fsd ngg‘bpr pofRamporstis Ry N 6@ tWSﬁékI”ed in the

art ofvaRPSonkidy mbEKIRE]. Fdrlxadipid, %oﬁldﬂs%%aﬁéﬁgfe@@rﬁﬁon system

portion 1900 of the |n eII| ence of a wre bonding
1904 5 REYHI S RIETSY 9eRP Rest 3F ﬂsﬁ?fﬁé@f)?on with certain

exenpl ary techni ques of the present invention. Portion
[0057D00 oAlthdighniheepresemdimvgntiac hasibeemddsadiesd prombrilgl with respect

to tea%Mﬁltb%'EbllaQQ%s 20h R & Bnd gPl%gFH gdn%]e ¥ |E§smm?h%p? the teaching

ern recognition system 'S con I gure
operatigazafiefg!qued B dYifegPdngit FRehatiasf being pe@qrwméﬁkh@f
semm@n@@dﬁbﬁdﬁ%é@t(ﬂher@%é(\?ﬁre(m (ga&pe@étﬁ)r@aﬁﬁ_s &fe more accurate

duct e 10 ondi ng | ocations of
positi &t B et JRahinedEoris Smhe AR POl B peumies
thereﬂoeatkisormﬁnd eathe rppeseni 00 nGomtit olay Desteeinratl @2 péfieimi 6@ gain of

the m@éﬁ#@rﬁgc #ggcbgﬁt%g%?t ﬁ&%tn"t ?Ate%‘l%taeninl%grwlr? égg%l gtpir crci:ss to

con ure operation o
accougy&rém@ma@gcﬁ(q daterpperature shétcogneplnarmal shitseetcD9Odhus, it

may Bee@é‘sh‘gﬁlettg%el%ﬂﬁ'ar}g e Q&N Qﬂec'raﬁtf)n E%%WJ Ltysbe tﬂ@%ﬁéﬁﬁ%

he second conmponent 1n

nd t
tech"tﬁl&ﬁﬂﬁﬁ@'%%% flymeddieseip bt @ @tﬁdééerffbanbmm@ J®n&saimple, such
a predétérlﬁlhlﬁedl faedvel méﬁ@e%stn’né Ibesdd Atdali (8.471 &veryl 95 n‘ﬁﬂﬁt‘e@'d‘i}rmg

trol t 1902
B AT NN RN A B
(e.g., systyerneli®Olsaenise loops faroied alusing ovigealbdreiing, reeg pgaitice based
interval &vER) f&pée\yl%%gﬁgﬂ Me?:fé%ﬁ% itk d p&rcgegﬁlltoﬁgé‘\tooql% % o

system 1904 I't1ona pattern recogni n sys
performing a re-teaching operation at certain intervals, improved position data may be
derived that is more applicable to the actual current status of the wire bonding machine

and the devices to be wire bonded.

[0058] Certain exemplary embodiments of the present invention have been
described herein in connection with teaching bonding locations (and/or eyepoints) in
the order in which they are configured to be wire bonded. In connection with such



1904 sends inmage data to control system 1902. |If

mul tiple imges are taken of the bonding | ocations in
w@2a0eaed20ng process (or if nmultiple i mages ar ePCEHKE2008)655407

predeterm ned portions of wire |loops in an inspection

process), the image data may be used by artithnetic

unit 1902a to arithmetically derive nore accurate

position data (or inspectTon data in an inspection

emboHRHES S thegres‘é?\%' frRentid) Qﬁ@ x§ QANOREH &ré%ﬂ?n SRE RS % hEy be

nature and may be r0V| ded in a nunb er o ornB as 1s
the same, M RbePAYBS 28 Ik 'F‘ Iceefiquied Frebeyfuring wite PQ”B‘GHdI"H’Q"eVGrr in
certalﬂ&&moﬂeﬁentEef tt@@&ﬂfﬂrﬁ inVeatibh, odestadd otpaf Elﬁrﬁctéﬂﬁ&gmfftlh@ﬁy

1904 i d f tr
cavle BUEDE A 4SR5 o850 SRR TER ol BB E g o
the wnb@énndjeg oraceesl oriexamipley the vélocibs pecdleration eachinnigon time for
certalﬁ’stlfr%t hgﬁénscém' Ctth@ %%n@‘ﬁro%ss@éffoﬁl?ﬂﬁhg xg eNIE %tlon

where the teac operations are f
configyeatficn (jhekaE? Qpn@ng @é?qffgs pERis GRaveRIOvide @nba\tpcweéflevel of

accurd§h ‘é@ﬂé’lh(‘ép@ﬁcéifb\/ﬂs CrRSwdvhat ﬁwaﬁyh'fbt\ﬂler&a&@aﬂﬂnr&rtam operations.
ons uses the nore CCUT Sltlon dat a

For exqHHG i B ot REPPE Z0I oG T £ Re NG AR eap 8 Feond
bonding logation {1y édnt dierpatiad.02Ace teadi 10Pa) ohd helogityesfaht xy table

tends'tﬂ\llgr@tdtﬁmigldvgfeljgﬁypﬁ?oﬁl??ﬂ {h%%? Fogplpﬁ 88 Fﬁﬁ\a% tRIS may

I'nven e teac ues
resultjimpaehptively dend tge ziorvﬁhne evwﬁomdng;/ mogmgsmetattloac Cinigniev ¢l of

compléi(h%t @d’ﬁdQBmﬁnél)emgy not 8@9@&%%&% ﬂ‘eEc?hmz_{]T%Emﬂbﬁ@l

ts, etc it may desirable to performa
NOHGtB%'ef%éew H@aBB@PQ% M t(eLFéF‘ng'"a?FPe'bPOF'ﬁ'éS {ergreFlg Wigtion after
compleeed Bivgteeidop ts eHeometlberd Ietationest the hektwir@loo, the motion from

ter rval exa l e, such a
an ey@ I‘Sfecpearﬂ%g%pc{ Iﬁfae}valetcn)a@ 958" ti me based i nterval
(e g., every 15 mnutes during wire bonding, every 6
[005%bur s G@ntiiingxmp@rbem@pdugwnes of the pereseint enviendgn bawebeen
descnb@& ﬁﬂcdnﬂ%&fc}h&\}wﬂg 8- tgach| %&a@&]’?wh%\ﬂ? Wey@p%ﬁ'lté g%os

durjng wire c), devi ce base
taughVﬁ'faéW% andg P;}hqéen%%qsé@ortwe tRWa// SRR the order in
which hbeyder, coatigured tamengsd bardae) Bowder P&y WMrsE dlfpréciated by those

skitied B thg 36 oo d IR BoHARg BbeGHRN il Pl Sl sl Beenbre, the
motion frorhthearyepaint taithediTst saralingsloodtidnheiliviend tdbadiffegent from the
corres@ﬁ&]h&%cﬁﬁq Julplﬂg‘%ﬁé/\/vﬁ% oh8in :a p\gkart%nboﬂ%eg beb AR the

rtarn exe resent 1 nvention
previoygly deggriiedde E‘F‘tl }éé‘a\'eﬁértb? ﬁamﬁracmg@@n@ﬁwwwlnge@@hu Ryring

a WIrekUIfmdlrf@]gode%?tﬂinl %m@ﬂﬁﬂf@ﬁ‘l eapRI @{'eﬁﬁoldt%cém@wl‘%’r@@ﬁe tdhera
portiof s ARV RPN e KBS HEITE 6P B e iy poring ool i

abovejthe éimgtibonding Hecatipn} &ld motian Iwhdrermetdesmempabmbrﬁl aoeteol point
of the W&Q cf!ah&e?ﬁgﬁ?\ tqé‘ élplgrat Eﬂ%gh hg tl‘?esbdndlr{gftospn J)vgwe?dthtlsols

rrng"wre
not the eBeRId YR @edﬁaqhm iﬁqe@erm becnv&mthecqamar@ pogion iptheedesired

poah&ﬁaﬁé’f&hﬂrpbﬁﬁ |o¢§ﬁé3rﬁwoil&?aﬁ(%etéy€h§ nETQItndI NHAH EBL A location
I e Xy table notion

rocess may follow't
d””“gc@ﬁftﬁa‘ﬂw? ORGRtIYheT r?@f%dﬂ&?rﬁanpﬂpabﬁ@ns HJpavx ke dpsigble to
correct fue thigl affsit iy, coaneatiodrath o1, matich fromi thB fihaN®,dpBint scan to the
first bonding location during the teaching operation.

[0060] Although various illustrations provided herein illustrate each bonding
location being taught during a teach process, and each bonded wire portion being

inspected during an inspection process, the present invention is not limited thereto.



certain of the notions during the teaching process nmay

follow the xy table notion configured for the wire
whowditeg20pr ocess. This may provide an i nprovedPCBUS1008/655407

accuracy in certain applications; however, it my not

be practical in certain operations. For exanple,

during wire | ooping noti ns froma first bonding

| ocation to a second bonding | ocation (e.g., fromdie

Durmg%@ té&%%r%ébs% e@ﬁ’s éig%ai g'rﬂy &l PG ¥f 9k t;ong n:gﬁoéaﬁlghg may be

end S to var% urln ferent portions o
aCt“a”iVéB‘;.'ﬂ g LRSS, ditipg ﬁaﬂnsp@ﬁh@ PREyatiass i is cleqr ghat only a portion

of the bendridi petiynd @nG pdrtien bPthet bhdal gre P iy e d BNy NBspected.
operation. This Ievel of complexity (and Ioss of tinme)

[OOGIiEy qihleg)%é%%suc |§n g%&lrb%ag}? ach t%g rfgﬁrg% eho ?IHeéPatlve
mediumpi |Fgﬁgxe(r@plg, thetth@wrmnqsman @[etlmtaldnn"lqzrl anh exigtiag wemputieoop
systeﬂ/@e&@ﬁag $df8larb R gorlnB&@P 5 eﬂf#s%?gn E@Mea%rf Rith lepmtég}?gted

motion from an ey ol n ocatf on
with, agyige ponding machipg) F%@@] tf@eﬁesbn'ﬁuwr@ﬁ*ppaﬁat%ﬁa@oﬁ FrenPEser
readab®d cdrhier psrga$ edlid $t6téerhém©ﬂ/ lopvieal RN rrda@ﬁ@tﬁ(t @@é’ Haﬂlo frequency

eac e
carrier 90T p g e et BR St A Bfra e MeLes By
Instrucngusa(q @nsompetetr anggramsostnunticdns nreteted or therinventivaitedhniques.
they are configured to be wre bonded; however, as

[0062‘]\'I Il Dehaog afd |ﬁ¢/@rq: &qulm%te%kérldl c?égcﬁtﬂadt Ili@eﬂrvelth referegce

t he t eachi ng operation, ter t epol nt

to Spe%féfa‘?mg%d'"iefi@ bt ﬁnaﬁntf%'mnph@t@yﬂagdprhe Itf@ltq © thr: dgtails
shown b ®athengvd riatiatrhdificatibhs et rﬁa&@mchhfefd%féiIBtWIfrﬁIQmé &8pe and

range 8fo qrugft%,")eg‘ﬁé% e at“liﬁ’g%ggur@‘é’%gﬁg‘?eﬁ{g ?)frsm %\‘?él‘%“ﬁ@&crl bed

offset bet ween the canera portion and the bondi ng
tool. During a wire bonding operation, the notion from
the final eyepoint scan (where the canmera portion is
above the eyepoint) to the first bonding |ocation
(where the bonding tool is above the first bondi ng

| ocation) is a notion where the desired positiona
control point of the notion changes fromthe canera
portion to the bonding tool. However, this is not the
case during the teaching sequence because the canera
portion is the desired positional control point of the
notion at the eyepoint and at the first bonding

| ocation during the teaching operation. Therefore, in
certain applications it may be desirable to correct
for this offset in connection with the nmotion fromthe
final eyepoint scan to the first bonding | ocation
during the teaching operation. [0060] Although various
illustrations provided herein illustrate each bondi ng
| ocati on being taught during a teach process, and each
bonded wire portion being inspected during an

I nspection process, the present invention is not
limted thereto.During the teach process, it is clear
that only a portion of the bonding |ocations nay be
actual ly taught. Likew se, during an inspection
operation, it is clear that only a portion



of the bonded portions (on a portion of the bonded
Wi res) may be actually inspected. [0061] The present
wo pwenes2en nay be i nplenmented in a nunber of PCT/US2008/055407

alternative nediunms. For exanple, the techniques can

be installed on an existing conmputer systeniserver as

software (a conputer systemused in connection wth,

or integrated with, a w € “bondi ng machi ne). Further,
What ig%?ai%gg,hni ques may operate froma conputer readable

carrier (e.g., solid state nenory, optical disc,

magnetic disc, radio frequency carrier nmedium audio

frequdncy damethed afgerahing kanding logrfions € esgBECAR@HEIGE device

hrBohdiRh i REhIHeE the meBIISnRrisOGeamdsbt! r uct i ons)
OnaWrrel at edbto tllﬁe invrepr?tive tecriﬁsniga%es. [5[0062] Al t hough

the i ntiop is illustrated and descri bed herein with

r of er dhLBVEIRg Bha wirs BERHIRRITIAERE Wi ROSIRTESRIR OFF §5
bondingdbcatiohs pfie dirdtacobpohéemt df ébe semtchedwhbtraddvices Andvi2) bonding

. [ rj dif ' , in the

Iocatloggt%glglsgcov\ﬁw%t%%%{] E@ dsfgh%géﬁgﬁgﬁ?%%re&glf@%ﬁ?vaI ents of

the clainms and without departing fromthe

i nvent(Rdieaghizg the bendingniasatians ¢ the fiRgdroatPonericafithe
semicd?@0EtoP deVib€ ahd BHESseRbnd cSRPdePR O fHederntl@HdeetoP deRcdMusifig a

bondi n_g machi ne, Lhe_met hod conpri sj ng .t he stg%% of :
pattery F§COBRIHGN GYHE™t HGM'E OSAMIHG HIsh I N PN RO R b
positiodataga fovrat (bt b@odiangoflthe dbhding labtiand off thk fiestrgpatpenéntodnd
] d I ice, ' . i o)
the seccif BERCREN U Rachif Sfh o B o RhoRRLy Bful R e Gl
locatiofig jn theaarHémig witieh thedire gonfigtiaed ke wiretbload¢d ey the wire
bondifgdB@IsNt of the sem conductor device and the second
conponent of the sem conductor device using a pattern
recognition,systemof the w re bopding, nachine to
obt ai rf*mor & h&dE%Fsai‘ &' paly w?f—r%rattﬁef hing stemiclugdes
teachifuptiel mmdofg Ibketidne Nk trextéracalbhgasleadt tiloediftiric bixes on at least
t o t, the teaching step
one °f%@$ﬁ§£§§ﬁ8§@ é&mgfﬁgég%ﬁpﬁg%ﬁgg%bndi ng | ocations in
the order in which they are configured to be wire
bonded-on tThe magthed sbAdind wheeeiniae fizst comeonenttied of
semicdnldabtd}; HiddHRY @leetdi dopdheRisH &bstratd siiRRich@ReNi ng

~the bonding | ocations that extend along at | east two
semicqfdygtondie igfrunged. dpe feaghinashep beludhg th?'@'Eg HErsER
locatioandnteheh sethen@dnicmdaaentie ahd thegubsttdtadn eHe elddar M vhich they
her ei he. fir onent i S . m, conduct or die and
are cofilréd o heiRurs HoBhied BB S opBe e P ni cn *t ne
sem conductor die is nounted, the teaching step
i ncl udt.ng tTégdnethgd ohelaimoddhrigen exsanrisingsthgrstemefscghning

eyepoinforsRlh 0P GO orfibsheAlEnd BR: &8s E&hBordht bREr HeHQ) but
in which they are configured to be wire bonded on the

before\g§t¢R(Pondi ng” machi ne.

5. The method of claim 1 wherein the teaching step includes

repeating the teaching of the bonding locations a predetermined number of times.

6. The method of claim 5 further comprising the step of scanning
eyepoints of each of the first component and the second component prior to each of the
repeated teaching steps.

7. The method of claim 5 wherein at least a portion of the repeating

of the teaching of the bonding locations is conducted successively in a single pass



4. The nmethod of claim1l further conprising the step

of scanning eyepoints of each of the first conponent
warwInbe0second conponent after step (1) but beEDDE2008/055407

step (2). 5. The nethod of claim1 wherein the

teaching step includes repeating the teaching of the

bondi ng | ocations a predeferm ned nunber of tines. 6.

The nmethod of claimb5 fur 6her conprising the step of

condu&@anmmorexﬁmm&ﬁ i b&ReAY REatidie afré e&ﬁf.@?@wﬂ@m.r@%@nded
t he second nponent grlor to each of the repeated

on theyWieg, H?%n%ﬁ@ﬁemevwhw YRR PRIGRrBfrecqgaitiAnsSYkeEr Ptaing multiple
imageb easatchaofpaé boadingfocktiend @rﬁt&&bidﬁgﬁmj td the der@ebhdiflg Weation in
the oraer in w q] ph% blo% %t IIOn lolng’ CeOWI g)t e&i_q'iucc_eSSl vely in a
ing I'e" passcon Lt &R Fhe™8F d8PYT%h whi ch t he” bondi ng
I ocatl ons are confi gured to be wire bonded on the wire
bondi iy macHierreethar @f elajm tShehgraint arienst aqwgtien plote repeating
of the %é’a%hﬁnrgq SHh@bBsdiRY I kb is @Bg@l?ctéﬁc sR@ELWRly hNRuRBRA AEes
| ocations prior to rmwrhjgmolgﬁ%ﬁle next bondi ng | ocation

C°”d”?tﬁdﬂmg“eo?r&8? in whigh Fhenbe g are carfigykd &y ke wjre donded
on theboirgl Behdifg m‘EhBlnmEWhé)fébechélb:&tltél‘hfre&bﬁ;ﬁhit&:lnﬂsy@terﬁ BBiSinsaat least

f {. I
one infR o S8 e s 2o el Rt ve sodiadbr fufpip flsses.
mul ti pl e passes conducted in the order in which the
bondi Yy | oclrei ekhod o cleonfSi fytthedcaroprisinavhestemntied on
arithriefi€ally J&lvh%nﬂb@a&ﬁf:a‘ié BSSlthW%t%t%r EH%%&?@HQQBEEUOPS bg Lﬁlhzmg

recogni tion system obtains at |east one | na
Dos't'oaqutﬁ@bmf‘dh fﬁ?}’“ltﬁ%éﬁﬁeél?%j tgaehi MOE%WW'WQH@WW pl e

passes. 9. The nmethod of claim5 further conprising

the stap ofTharméthedtof c@airhw vdlearr'emitng stay’ &F aamﬁruéa&aely deriving
n far the bondi.n ocat.i on [n
more 831t BRi8 Betsbtbk AR s B e for s o6 B
bondlrtmlecaimmdlfrqm Pachatfitbaseaching steps ofghhoepeaatedcteacing.
wherein the step of arithnetically deriving nore

accur af POFielhothod ¥F BialR Gl MARS AR5 et 16 Q%'rltrﬂn%r\/wre

ta for each of the bonding |ocations Trom each
loops Mye?%aemlﬂ@ locplipRs ot therfirst eseranent aedbandid '%atlonﬁ@ the
secondredripshedt usingithe hokrélbédiedteRBPIOh Saty t he step of
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scanning the first bond portlon of the wire loops successively and in order without
inspecting any other portion of the wire loops.

14, The method of claim 12 wherein the step of inspecting includes
using the pattern recognition system of the wire bonding machine to scan portions of
the wire loops at respective bonding locations of the wire loops in the order in which

they were wire bonded on the wire bonding machine.

15. The method of claim 14 wherein the step of inspecting includes

scanning a first ball bond portion of at least a portion of the wire loops and comparing a



portion of the portion of the wire |oops, the step of

i nspecting being conducted by scanning the first bond
WEorwiles20nf the wire | oops successively and i nPOF/t82008/055407

wi t hout inspecting any other portion of the wire

| oops. 14. The nmethod of claim12 wherein the step of

i nspecting includes usi ng-t he pattern recognition

system of the wire bonding machine to scan portions of
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18. A wire bonding machine comprising:

a pattern recognition system for teaching (a) bonding locations of a first
component of a semiconductor device, and (b) bonding locations of a second
component of the semiconductor device; and

a control system configured to control operation of the pattern

recognition system such that the pattern recognition system teaches the bonding



| ocations in the order in which they are configured to
be wire bonded on the wire bonding machine. 18. A wre
whoodilesz02rachi ne conpri sing: a pattern recogni BEDOS2008/055407
system for teaching (a) bonding |ocations of a first
- conmponent of a sem conductor device, and (b) bonding
| ocati ons of a second conponent of the sem conductor
device; and a control sy<Bem configured to control
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teaching; andachi ng; and (2) arithmetically deriving nore
accurate position data for the bonding | ocations by
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t eachi ng bondi ng” | ocat | ons :
locatiops Qy wiigngyresitpm date qhiziged Hopbiheirgreased tershing i dbg hgnding
locatiof§. t he teaching of the bonding |ocations is conducted
successively in a single pass conducted in the order
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conducted in the order in which the bonding locations are configured to be wire bonded
on the wire bonding machine, whereby the pattern recognition system obtains at least

one image of each of the bonding locations during each of the multiple passes.

22, The method of claim 19 wherein the step of arithmetically deriving
more accurate position data includes averaging the position data for each of the

bonding locations obtained from each of the teaching steps of the repeated teaching.

23. The method of claim 19 wherein the teaching step includes
teaching the bonding locations that extend along at least two distinct axes on at least

one of the first component and the second component.



one i mage of each of the bonding | ocations during each

of the nmultiple passes. 22. The nethod of claim19
wWab@pais20r he step of arithnetically deriving nBCBEUS2008/055407

accurate position data includes averaging the position

data for each of the bonding | ocations obtained from

each of the teaching stg%g of the repeated teaching.

23. The nethod of claim ‘Wwherein the teaching step
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repeatg@wﬁﬁgtst@d},d t he second conponent prior to each of
the repeated teaching steps. 27. The nethod of claim
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the se%ﬁ%oﬁ“ﬁnﬁ%rﬂt& rPotT'\' tH’nQr% c%ura{:e Bos(stijc;l;'lhﬁastrr?t h.Od of claim

| sing Bectl ng at | east
a portion of the wire I oops, the step of inspecting
i ncl u@Bng U9k meethpd opelaine L B fursheygamprisingshe stam affindpleeting
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claim28 whereinth
fewgnftr?@p%féﬁ"h g ‘i*ﬁd'v'[ﬁjegn%@q Wg”c'i"ﬁ% tgafqnewqﬂ'%%@‘gtﬁptwwoorns
system of the wire bondi ng machine to scan a first
bond [@6rti dheofiethbed opdaiim 28 whkerdihehanbtep of 0Bpectirighfcludes

using l‘?gﬁﬁ%tgﬁo egg%gﬁéﬁ %ﬂst@rﬁ gh&\%ﬂg %%fuglq ngascﬁgngeegal src]:gléra:}wst bond
portiompfgde eartny ¢frtbmw@rr¢é0@ﬁs tfm%stﬁp roﬁtnspmtmgmmg omslutied by
scanni meh@r%t Bénd p&ibh B?Eheb\fmg Io%?ﬁ fsh&‘é§swé)r\9pro-E@ (ii B FRAAR of

im 28 wherein the step i nspecting includes using
the f'rscttl?Q”ﬁzEPftE’i“ﬁ tp BRRGART P &R f§§/tstf°é‘ﬁ'1 RtigNse WI re bondi ng

machine to scan portions of the wire |oops at
r espedoi ve Themakthgd bbdait 2&svhefeiit Bie: step @f |r@ﬁ§k§t|rigﬂn&lh@es

using t@@%ﬁfte*ﬂqre\é@%ﬁaoﬁ Q@feﬁq%% ?hé%vrrg b%gglqs(?na%ﬂmtenzo scan portlons of
the wire loops at respective bonding locations of the wire loops in the order in which
they were wire bonded on the wire bonding machine.

31. The method of claim 30 wherein the step of inspecting includes
scanning a first ball bond portion of at least a portion of the wire loops and comparing a
scanned ball bond position of the scanned ball bond portion with a desired position of

the first ball bond portion on the respective bonding location.

32. The method of claim 30 wherein the step of inspecting is repeated

a predetermined number of times, wherein the repeating of the inspecting step is (a)



31. The nethod of claim 30 wherein the step of

i nspecting includes scanning a first ball bond portion
wW@tooatiod2enst a portion of the wire | oops and cROES100§/055407

a scanned ball bond position of the scanned ball bond

portion with a desired position of the first ball bond

portion on the respectlv% bondi ng | ocation. 32. The

nmet hod of cl aim 30 mhereln the step of inspecting is
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net hod of teaching bonding |locatirons o

the stepsficonduct or device on a wire bondi ng nachine, the
nmet hod conprising the steps of: (1) providing the wire
bondi na) prwidimeths wie posdihd ﬂ’fhcdmtaamfrobosﬁtidn hRadomnd)
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Iocatioa@nﬁ@ﬁwd@bntphee@eqﬁtbgn@ntcmequ@vdwe;e, and (2)
teachi ng the bonding | ocations of the first conponent

of t hqz;@ésncﬁmaciﬁéb@ﬁd.ﬁi@\/dc%ow th@?r&%%gn@rﬁm?QHgnt
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bonded on the w re bonding ondln
bondinggaathie- conpri sing: a pattern recognition system for
teaching (a) bonding |locations of a first conponent of

a senizgonduckioe baiehg enachind compri@gei ng | ocations of a
second conponent of the sem conduct or deV|ce and a

Cont r %npa%éé‘?ltn ?éPo&ﬁ’u‘E.oh %%tg% ftoroteac lngcz a) 8&? ing O%Qtlc?ns gfha first
component of a semiconductor device, and (b) bonding locations of a second

component of the semiconductor device; and

a control system configured to control operation of the pattern
recognition system such that (1) the pattern recognition system teaches the bonding
locations of the first component and the second component in the order in which the
bonding locations are configured to be wire bonded, and (2) the pattern recognition
system repeats the teaching of the bonding locations a predetermined number of times
to obtain position data for each of the bonding locations for each of the repeated steps

of teaching, whereby the control system is configured to arithmetically derives more



recogni tion systemsuch that (1) the pattern
recognition systemteaches the bonding | ocations of
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including the first bonding location and a second

conmponent including the second bonding | ocation, the
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of the repeated inspection steps.
38. The method of claim 35 wherein the inspecting step includes

repeating the inspecting of the predetermined portions of the wire loops a
predetermined number of times, whereby inspection data is obtained during each of the

repeated inspection steps.

39. The method of claim 38 wherein the semiconductor device
includes a first component including the first bonding location and a second component
including the second bonding location, the method further comprising the step of
scanning eyepoints of each of the first component and the second component prior to
each of the repeated inspecting steps.
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device includes a first conponent including the first
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second bondi ng | ocation, the nethod further conprising

the step of scanning eyepoints of each of the first

conponent and the second conponent prior to each of

the repeated inspecting steps.40. The nmethod of claim
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a control system configured to control operation of the pattern
recognition system to obtain inspection data related to predetermined portions of the
wire loops, the control system being configured to move a portion of the pattern
recognition system to scan the predetermined portions of the wire loops at respective
bonding locations in the order in which they were wire bonded on the wire bonding
machine.



