-1-METHODS OF TEACHING BONDING LOCATIONS AND INSPECTING WIRE LOOPS ON A

WIRE BONDING MA%IQINE AND APPARATUSES FOR PERFORMING THEZS{,A'\QI% FIELD OF THE
INVENTION [d’fﬁ%ﬁ € present invention relates to the operation of a wir& BER r%g? r%gZ:hlne and more

particularly, to improved methods of teaching bonding locations and inspecting wire loops on a wire
bonding machine. BACKGROUND OF THE INVENTION [0002]U.S. Patent Nos. 5,119,435;
5,119,436; 5,125,036; 5,600,733; and 6,869,869 relate to wire bonding systems and associated
methods OfBPE LS @ | TEEANG NGBS AN s e e Ny rEcTIpUalak by oefesence in their
entirety. [006R] i WirprOERDANE MALARCKABING R PRANFORBUGORISIGRR MIFR:BANEINT

SAME
FIELD OF THE INVENTION

[00G1] The present invention relates to the operation of a wire bonding machine,
and mora particularly, to improved methods of teaching bonding locations and
Inspecting wire loops on a wire bonding machine.

BACKGROUND OF THE INVENTION

[oo02] U.S. Patent Nos. 5,119,435; 5,119,436; 5,125,036; 5,600,733; and
6,869,869 relate to wire bonding systems and assoclated methods of operating the wire
bonding systems, and are hereby incorporated by reference in their entirety,

[oo03] In the processing and packaging of semiconductar devices, wire bonding
continues to be the primary method of providing electrical interconnection between twe
locations within a package {e.q., between a die pad of a semiconductor die and a lead
of a leadframe). More specifically, using a wire bonder (alsc known as a wire bonding
machine), wire loops are formed betwean respective locations to be electrically
interconnected, Fig. 1A Hlustrates exemplary compeonents of a portionof a wire bonding
machine including optics assembly. 18 (including camera portion 18a}, transducer 14
{e.g., an u'itrasonic transducer), bonding tool 16 (e.g., & capillary wire bonding tool, a
wedge bonding tool, etc.), device clamp 12, and heat block 10. As is known to those
skilled in the art, elements 14, 18, and 18a (amongst other nen-illustrated
components) are part of what is known as the “"bond head” of the wire bonding
machine, where the bond head moves about during wire bonding {and other operations
such as teaching) using an xy table. As is known to those skilled in the art, a device to
be wire bonded (e.g., a semiconductor die positioned on a substrate/leadframe) is
positioned on heat block 10, and then secured by device clamp 12. After the device is
secured in place, the wire bonding operation is performed using bonding tool 16 which
bonds wire loops between bonding locations of the device to be wire bonded. The

device to be wire bonded is accessible through aperture 12a of device clamp 12,

[GG04] A portion of an exemplary semiconductor device is shown in a cut away
side view in Fig 18. The device includes semiconductor die 102 supported by substrate
100 {e.g., & leadframe 10G). Wire loops 104 have been bonded between (1) bonding
locations on semiconductor die 102 (i.e., die pads 102a, 102§, etc.) and (2) bonding



continues to be the primary method of providing electrical interconnection between two locations within
a package (e.%obz%%?ﬂesn 2 die pad of a semiconductor die and a lead of a leadframe). More
specifically, using'a Wire bonder (also known as a wire bonding machineg,c\"'/wr%zf’(g%% fe formed
between respective locations to be electrically interconnected. Fig. 1A illustrates exemplary
components of a portionof a wire bonding machine including optics assembly 18 (including camera
portion 18a), transducer 14 (e.g., an uItrasorfigt"ransducer), bonding tool 16 (e.g., a capillary wire
bonding taetaacwedyedbntiag toal,ftehddavies camptd.?, and heat BlpekedQrAs is known to those
skilled in thevid <FHIIEH Ehdcbnbfinan eid Bt (ARIQRGSH Al NORslAsiAe d s prpeaents) are part of
what s knpad aadhe; dagndiBeahaa! 138 vispanding o C?) 7 IBBErRBie aanfyhiead moves about
during wire bonding (and other operations such as téac ing) usin 4 Xy faﬁole. S’is known to those
skilled in th&8TEBEA @S e 58 It & BYIBE QB SRl aiiutiBr aie poSavtstron a
substrate/ladftameyispdisinetfetlon Ae HIBek 102hri@3RekPbdiRa BRbelfts dRehp 12. After the
device is sé@hretdnt prhcEethicondretbodidi noRoper &imdutiés parfonmpetibasingnbandary ol 16 which bonds
wire loopsshehweerPonding lagatinns=ef the-HemartRbr wirehonleg olhesfauege.to be wire bonded

is accessibledyonahapartedLaofAgvice clamp L2.40004 60PN ahaR Sxgplary semiconductor

device is shown.in a cut away side view in Fig 1B. The device includes semiconductor die 102
SUpportedﬁ%cips{_l}bJ;?Fg éd i%)ﬂe(éé.ra: f'é”\féracaﬂ%@r#g’ﬁSS_‘.” ,|re'?o%ap?slf 3?{§v?éaal§ele9n0%‘onded between (1)
bonding I0¢5818RE GRCLESH HIEh RRDP RS o st IGEAmES A DTSR UnBRED) bonding - 2 -
locations df4eaifene 100, (Red seadls 100a, 1001, etc.). Fig. 2 is a top view of a device similar to that
shown in Fig. 16. As shown in Fig. 2, leadframe 100 includes leads 100a, 100b, 100c, 100d, 100e,
1001, 100529%®h, 1007e2t00f 100Rt 200100 ¥ isiwatame (20D, dréemdieaeanideniframe eyepoints
100al andsisiea2 of BRSicardiiciondieetO2 inchedesdigttpads BOREndl ORbatldidc, Fo02d, 102e, 102f,
1029, 102BxRRk, HoRirelH2heanddlPdp P bicandreialdienlOB-als @ iReiidasseyopoints 102al and

102a2. Asghpwn inFige 2. witelpops J04dra exiended hetuesn sragspapgingones of the die pads

of semiconductor die 102 and the leads of leadframe 100. For ple, a wire loop 104 provides
cleotrical HEERh R Db PO SEaT | LD AT D L ARLED SAHir wire loop 104

provides eTHERREaPRNEIRSIRTRSCRS A IFETBRIA SReIatF-PoSed17d9€58 SHOECAIGEebYH. [0005]Teaching
operationsisvisdauopsicin S ttadyin@ dite srRelesgritio tBipitarns 6p PRS rersedften utilized in
connectionhyithriredzondingoparaiions, Her exaniple, Hafaremiviteriandiay aperation is performed
lon gfbatchpta_&é@m&%@@%q%@f_aeg/i%eééec%dLﬂﬁ‘a\éige&ama @5@@5&&'9@@@@%&%@; mounteld %n a
eadframe), It IS typica esired to "t " an eyepoint u olats) of a sample device.
Further, bgﬁ%ri?fg%gtgaﬁgﬁ? ?%S% Osﬁ)%ggg\gigge%%%iﬂe pé?j%ég Fg!%(agr%{ﬁcgocr)lpductor die) may also be
taught. By SHRA LR SR a VRSB S EEH&IR IR AT B8PET84ted 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
processind B19hd batcﬁ‘b?“oaeﬁagg??o%pé?élﬂbf’ ,?owérﬁs%’ KB BEF hEEMBh G DF Aifinment of each of
the batch &Rt SRERICBIYISOiEEPRFHRMTDEES2Y 8 (pcatiope WHEBEREERTT [B806]Such a teaching
operation e#repiwideviverie prgvided hinbenvayrioey thiet figrstitintperttiat deaehredatEdrtadgrefposition of the
bonding logatiapes, anshesapoinisoh thensrraple-d eydosiis propidedtasheimetanyeas e wire bonding

machine. GonsideL{exampled sHaloN Wheh astRmRls dRKicRianWhisb Redosition data is

available i%toabe wire bonded. Such a pe ice may be tatléght using the vision system of the wire
o] chin 0 certain %p Esca\ﬁonsé\i}gr ever, teac |r§p{)pera 10N on ?{Ihe wire

bonding maching. 15 certain a plications, how the teaching operation on the wire bonding

machine i) B EENTRARION Gt Y PoEite P UhtRsrERB dake provrisly RMEstife Bbnding machine
(e.g., offlineigshegdmameriiacorethe #ikE)e [GUBT{BREaIA eomgdidnal techniques (e.g., algorithms that

select, scan, and
[6007] Certain conventional technigues (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



store the taught information) are used in conjunction with a vision system to perform the teaching
operations. In ma IS conventlonal systems, the eyepoints/bonding locations of a substrate/leadframe
are taught mdepengen(f?y of the eyepoints/bonding locations of the semidSHGTASF §i& Mounted on the
substrate. For example, Fig. 3 - 3 - illustrates an exemplary conventional sequence for teaching the
eyepoints/bonding locations of substrate 100, I.yvhlle Fig. 4 illustrates an exemplary conventional
sequence for teaching the eyepoints/bonding Tocations of semiconductor die 102. Referring specmcally
to Fig. 3, éepeirtsabOfaihpiad t00aBtareitacglihie ofirstStep (Hustrateckhypdhairgequential labels "a"
and "b"). ThemoRaieasaare tavokile asequeatinkoandpiersresiticallaleag d0Qa is taught (as

gt oy WL ) i NTRERE S ket o e el
"12"), [00 092‘3”]%529l i Fﬁ;%ifegaﬁom&ﬁao%ai aé'del?;dln% % aLg 21 ug?ﬁ In a first step

(|Ilustrateobb§'ﬁ§e§éﬁf‘l}é1‘1 F%aﬂel’ébél§“8“%'ad Fhey f?\’éﬁaﬁﬁé’%ﬁéaﬁ&‘&%”bﬁ SEMRIGIRIGELBT die 102 are

taught in dMeegjeragifizbtydiendVibie speeificdHy idizaied OPa isbellght thenitdidded by the label "1"),
then die padidid2G6s sntacigbd (@shadicaten ke itakeld®)s heghdiapadiddze bg targht (as indicated by
the label "BPe 286 50,030 WAt e 4ie padskQddnisawahtdrs ndicaigskpy, tre label "12"). [0009]Fig. 5

illustrates an alternative approach useful for illustrating an option on a Model 1488 plus Automatic
Gold Ball Bewgler previguelyispiddiikmickeighd, epdfaingustigsdneotd DEdeeda sare time (and to

provide a%%ﬁ?&e&é%b('ﬁdﬁ\lgm %%ﬁgrs%%nPQPQM'OaCBJB%“%IS’ %éﬂt%ﬁ%od?é‘ %E%dof”’“e taught in rows.
Referring to FI‘% row |ncu es% éﬁa s 102a, iLor%er 020 cal\{\\é as eads 100a, 100b, and

100c. In tﬁg ey gh AR 9Bt e sadP B %%y ?rfaso 5yPiSe’ itel 1. Then
lead 100a‘%tﬁéﬂ9§hﬁa€a§“?ffﬁfé8t%‘titb? Iabe! ke 102 dityprd W%EI!?WQW%@H%Q&&UWS at one end
of row A areetibght2 Thewenttie wididA2systensiprdeeindiatethzy GhiacaiehBoY, thied ksvpiand teaches die pad
102c (as indicates by the ladels )il pwesh kyteashing ikead 100c (as indicated by the label "4").
Thus, at this point in the teach process, each end of row A has been taught. Thereafter, the system is
configured t@t@gch therlaonding iaeatianstennbetweepréhentwefenits bfthrethowgrposoterding from a die

pad to the gpsraspandisg JeachbrRde dar ReNtmprashendiRg, digdRdk thar hiheorext corresponding

ead, anc 080ee EJ;L V1R 4REIS, 22 /URBYHIZB (A5 laciaied e dabiel R s qew tauaht
followed b¥8 e teac of lead as i |cate é/ft e lab %e 6). Ifa |t|%nal bQ ,dlng locations
Ing

existed in PSRRI utl%iti:?eri gqnls B r8teSTay Hom's

rom a die pa ?o?hegcofrespondlng lead, then to

the next c@?ﬁéﬁ%ﬁdﬂﬁ’@%é%dl?ﬁ@r@ﬂ?t}\@ﬁe@& %@Fr@sﬁé?ﬂﬁ?@%éﬁo%ﬁ&%é%ﬁ Thidss illustrated by
the zigzagsdotddismertentin g, faonpad ad 206862 [OL G nglconydntibm &ttelddhing processes
described prhovedas welas oihencenyeptenabteachingHi cassepHaaydwumipeovided acceptable
results Wh?dgam&ws at one end of row A are taught., Then, the vision system proceeds to the other

end of the row and teaches die pad 102¢ (as indicated by the label “3") followed by

teaching lead 100¢ (as indicated by the label “4"). Thus, at this point in the teach

nrocess, each end of row A has been taught. Thereafter, the system is configured to

teach the bonding locations in between the two ends of the row, proceeding from a die

pad to the corresponding lead, then to the next corresponding die pad, then to the next

corresponding lead, and so on. As shown in Fig, 5, die pad 102b (as indicated by the

tabel “5"} is now taught, followed by the teaching of lead 100b (as indicated by the

label “6™), If additional bonding locations existed in row A, they would be taught by

proceeding from a die pad to the corresponding lead, then to the next corresponding

die pad, then to the next corresponding lead, and so on. This is itlustrated by the zig-

zag dotted line extending from lead 100b.

[0010] The conventional teaching processes described above (as well as other
conventional teaching processes) may have provided acceptable resuits when the



- 4 - spacing (and size) of bonding locations is relatively large, and/or when the spacing is relatively
uniform; however, the conventional teaching processes are subject to various error sources that result
in an undesirable level of measurement variance. The conventional techniques tend to be even more
problematic as the spacing (and the uniformity of the spacing, and the size of the bonding locations) of
bonding locations continues to shrink. [0011]Thus, it would be desirable to provide improved methods
of teaching bonding locations using a wire bonding machine. SUMMARY OF THE INVENTION
[0012]According to an aspect of the present invention, a method of teaching bonding locations of a
semiconductor device on a wire bonding maéhine is provided. The method includes (1) providing the
wire bonding mAaching.with Resitighbdaisiar (akhrndingelogalignmel adikepmaonent of the _
semicondyclor gexicenand bl panding losalians.oh a:seend companent of fae, seggenductor device,
ing the bonhding f the ™ h

and (2) teac ohding locations of the first component of the semiconductor device and the

second cBHSEREIRT Bt AR P R i B aE R P PR R 0GR URRm of the wire bonding
machine &sBHeaRs fRotdoeceneapissHipteaRlE /5y the RPAstNa (FORIOA BT ieEBofdiSg locations of the first
componesyizaing, tivel $eceread draboming.|ddadoted oh myditgposatorducteddsytaeadhing the bonding
locations in the order in which they are configured to be wire bonded on the wire bonding machine.
[0013]Aceuirtihg to arfbileit aspEdieofdtieipessentvideentimved medtbdodie@magiuing bonding locations of
a semicopehGigNIAaVisR 04 WivehRAdingraaahine is provided. The method includes (1) teaching a
plurality of bonding locations of a first component of the semiconductor device and a second
component of the semiconductor sievigarising B-EattemNECcegnition system of the wire bonding
machine, the teaching step being conducted by teaching the bonding locations in the order in which
they are gomfigured toabeuifig Bcndrdwanotheswita dondingionachiseodhe teathing step including
repeating,ihitgaskinchobtherndinglacatinns pradetsrningdeHmbe L) iRes ke obtain position
data for eacf) 9 imﬁj&oqg Pdagatanspd saglh gt Ieneaiad sieRa-al igAahingpRd (2) arithmeticall

deriving more accurate position at? or the in Aoc,atlons utilizing position data obtained from
the reped?@ﬁt%cﬂiﬂar%tf%p%%iﬁdq%égﬁgﬁggfﬁff? fXGRoPh tB"géB _ égr‘aé’é’ﬁ%ff Bf the present
inventionSEEABIPRIPBRFASHEERE S8 VMARB B pII8Y aes 8K DI BRAIBP HEVIEBW ©5ienBShding machine

the firsi component of the semiconductor device and the second compenent of the
semiconductor device using a pattern recognition system of the wire bonding machine to
obtain more accurate position data for at least a portion of the bonding locations of the first
component and the second component. The feaching step is conducted by teaching the
bonding focations in the order in which they are configured to be wire bonded on the wire
bonding machine.

[0013] According to another aspect of the present invention, a method of teaching
bonding locations of a semiconductor device on a wire bonding machine is provided. The
method includes (1) teaching a plurality of bonding locations of a first component of the
semiconductor device and a second component of the semiconductor device using a
paitern recognition system of the wire bonding machine, the feaching step being conducted
by teaching the bonding locations in the order in which they are configured to be wire
bonded on the wire bonding machine, the teaching step inchiding repeating 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; 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 aspect of the present invention, a method of inspecting
wire loops of a semiconductor device on a wire bonding machine



- 5 -is provided. The method includes (1) providing a semiconductor device including a plurality of wire
loops, each of the wire loops providing electrical interconnection between a first bonding location of the
semiconductor device and a second bonding location of the semiconductor device; and (2) inspecting
predetermined portions of the wire loops using a pattern recognition system of the wire bonding
machine, the inspecting step being conducted by moving a portion of the pattern recognition system to
scan the predetermined portions of the wire loops at the respective bonding locations in the order in
which they were wire bonded on the wire bonding machine. [0015]The methods of the present
invention may also be embodied as an appafatus (e.g., as part of the intelligence of a wire bonding

machine) gro@%&s).Wﬁ%uﬂf@g{a_umé@@i#%mﬁg%aﬁem@%@s bRAda e R8I iy & computer
gﬁgwg,é%g%gggggimiggﬁqg&igg% @hcg%gmg to another aspect

readable gaicrused In.conneefion yil

of the present invgn’t_lon, there IS provi ( uter rea e carrier including computer program
instructioPdAPFCRCRELY X SRTH %‘H%%%‘i’ﬁvé‘f%sﬁ? 4 RN BB eRMG BB AIng locations of a
semicondaeePHEGieedscg \ane BoRanset RS RASE THBSHRRHITHRSTEIRPRRE StB8<Lof: (1) providing
the wire Ipetelingenactivne wwithh pd 81t ovre btadios (yddording fopatimystebadinst component of the
semiconddatRtide vemoaing 43bhpndingd geatianscofatpacysdsampanert pidbrmanatconductor device;
and (2) tepaiRdMeRRRARGIQsatoRsRETNE JishicQImRRpRT AR iR e MicRRdURIPREevice and the

second com 098@5 89: Epgﬁgenyggé?rgur%%%%pewce using a pattern recognition system of the wire bonding

machine to obtain more accurate pdsition data for at least a portion of the bonding locations of the first

componepagd the segond comnene s Bahing sLon BEICLEANdsted fy teaching the bonding

locationsin in which they are con |gure to be'wire on the wire bonding machine.

[0015b] ABRRFANG 15 HnBtHa LRt UPHIE 5re LRt iR ERBIRI B e b BVIEEAPHFe bonding machine
comprisirieH S FERMSoPILD S B RUEST FOFRIECFRR (&5 Bo AdTAG ACALIBRELYE £3FS component of a
semicondusetbin devieeii@nditthy woedingitgcasiariespf a second component of the semiconductor device;
and a control system configured to control operation of the pattern recognition system such that the
pattern rd@dtFlion systenoriae e tiebandmgfltveatiessohthetifirstieoeipomeidedad the second
componeginifdfe resdesiincuhiemtneibg seingdacatignas arerconfigueidHieabe:witerhanged.
[0015c]AgeRrdingi 2RRIAGE SSRGS TRRPIERRBEIAY SNLIQBNIBSIR S PHRVILESh wire

bonding machine, the method comprising the steps of: (1) providing the wire bonding

machine with position data for (1) bonding locations of a first component of the

semiconductor d'evice, and (2) bonding locations of a second component of the

semiconductor device; and (2) teaching the bonding locations of the first component of the

semiconductor device and the second component of the semiconductor device using a

pattern recognition system of the wire bonding machine to obtain more accurate position

data for af least a portion of the bonding locations of the first component and the second

component, the teaching step being conducted by teaching the bonding locations in the

order in which they are configured to be wire bonded on the wire bonding machine.

[0015b] According to another aspect of the present invention, there is provided a
wire bonding machine comprising: a pattern recognition system for teaching (a) bonding
jocations of a first component of a semiconductor device, and {b) bonding locations of a
second component of the semiconductor device; and a control system configurec 1o control
operaiion of the pattern recognition system such that 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.

[0015c] According to another aspect of the present invention, there is provided a
computer readable carrier including computer program instructions which cause a computer
to implement a method of teaching bonding locations of a semiconductor device on a wire
bonding machine, the method comprising the steps of. (1) providing the wire bonding
machine with position data for (1) bonding locations of a first component of the
semiconductor device, and (2) bonding locations of a second component of the
semiconductor device; and (2} teaching the bonding locations of the first component of the



computer readable carrier including computer program instructions which cause a computer to
implement a method of teaching bonding locations of a semiconductor device on a wire bonding
machine, the method comprising the steps of: (1) providing the wire bonding machine with position
data for (1) bonding locations of a first component of the semiconductor device, and (2) bonding
locations of a second component of the serdfconductor device; and (2) teaching the bonding locations
of the first component of the -5a- semiconductor device and the second component of the
semicondBBIB e B eSS A R PR S g BTSY hEReat ERBAAY BBACH I Fddhine to obtain more
accurate fegsiticecdanitidos ttanst thepure danginha dsbingi golieitioprs efthetiiesdBimponent and the
second comapengmahe feaichion siepririnpeonciicted bysteathingthabeardiagptacations in the order

in which Uaﬁw{&pw'egaﬁ%et@s Jirg Baded o8y E@gcwgetp@egaeemme #QQd.5d]According to
another aspect of there S ro |d a wir q} |anm%gh|ne comprising: a

“}F resent |r1fventﬂo
ic t nigurea o \% é) ew:re
pattern recognltlon sys m or teaching (a Fe) onding ocatlonso |rs component of a semiconductor

device, %lr ondlngclgoe tlong aonfp%g eg SPMED;%?%95&%?13?@&8@&%9{1%%“% and a control

system ¢ nfl ed to contro eratlon of the pattern recognltlon system such that (1) the pattern

recognitiéH&H2ERPEAEHES ?ﬁ@%ﬁﬂ&lﬁg”f’ét@ﬁh@ﬁgg&ft%sf‘ &”&6%%’8‘3?& EHEEYecond component in
the orderepaliftieh thérP oatiirgeotatio pamivenderititirdeetabb(vibesBisdesriansiof® the pattern
recognitieacsysiem jepeats thesteachingeor theidio adingdouatiepsanpredgtesminechingimber of times to
obtain p(}fﬁ@%&%ﬂﬂ%&@&h Rbtaehendingdacations foneashieitheseneatagaiaps of teaching,

whereby e e NAIET 38 Qfagwefﬁsgce% SHeAl dRdeR MHBACAH AR RARYion data for the

bonding Iocatlonsb Uil |n the position data obtaine romt ere ate teachlng of the bonding

locations HOTBE]RA 86‘?[5“?15’?6“8%?5%?%@8%@96? BE PR ABRAN RIS provided a computer
readablerespaiatidn sty Smeip the tsadHianh heskansinsHecainen 2RgSete BHRTHUERES implement a
method off inspettisigitipedtiopsad osemicdniduetodideidcations donseetboiitémgnerietiine, the method

- comprisingthesieRsif: WhbRMidinga-semaicand usias deyicaishing adptvealibof wire loops, each
of the wirg |oops brovi n% gﬁﬁé%r!&‘%ﬁ %%%tmﬁﬁfﬁﬁg goleRt-kendinelocapion of the

semiconductor device and a second ﬁ?ocatlon of the semiconductor device; and (2) inspecting

predeterﬁ%‘?&%‘?ﬂ&%’ﬁ?%’e R’Rﬁr@ofﬁ%&kﬁf? % pattern recognition system of the wire bonding
machine jsgesispectingcstpglaingneorausies Mypereshainerinn, efdlespatiessaecognition system to
scan the PJSS&EGEVH%HB%&%FHQPMIORHS HM%%J%PB%&%IR%E&&%%@%F&%QU%Q logatians;in the order in

which the%were wire bonded on the wire qn in machlne C[g)q15 Accordin ng.1c to another aspect of the
present iR/ EPIBRCTH FRStaqs S UIREG AR HS BTG TSGR COMprising. a pattern recognition system
for inspe CRAESORRSAS B FiFecIbBh Pt iBash? B@HH@H (U5RIGHBAA RS BISAEHEIthERATRe, each of the
wire loop&gudiviglag et atal-ntemo eadctichebete/mepspfindtibo riticd odtgarottiensemiconductor
device angdasecond: bendingdesatian ot hemroricandiisios gavicesand meangakaysiem configured to

control 0%?{@4@%%%&@#&%%&699&mslmepasﬁﬁgrpréee@m%w&&w fRiairelatpd to predetermined

portions of the wire Ioegco he control s[}/%eerpv be Conflglh move a po tlog of the pattern

recognitiof s%/st%aﬁeg esanen Slyé TR poTtions I(re]e\iwree {65ps a hect ge bonding

Iocatlons%”ﬂ’\’ét%ﬁ*@éﬂﬁ"w&léﬁ(tﬁ@? e RpterbGRERUIBH SRR ‘Hﬁ‘ﬁdhﬁd’ ?fi'ﬁé‘e

portions of the wire loops at the respective bonding locations in the order in which they were
wire bonded on the wire bonding machine.

[0015f] According to another aspect of the present invention, there is provided a
wire bonding machine comprising: & pattern recognition system for inspecting portions of
wire loops previously bonded using the wire bonding machine, each of the wire loops
nroviding electrical interconnection between z first bonding location of the semiconductor
device and a second bonding location of the semiconductor device; and a control system
configured to control operation of the patiern recognition system to obtain inspection daia
related to predetermined portions of the wire loops, the control systern being configured to
move a portion of the pattern recognition sysiem 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.



-5b- BRIEF DESCRIPTION OF THE DRAWINGS [0016]The invention is best understood from the
following detailed description when read in connection with the accompanying drawings. It is
emphasized that, according to common practice, the various features of the drawings are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or reduced for clarity.
Included in the drawings are the following figbres: Fig. 1A is a block diagram perspective view
of components of a wire bonding machine used in accordance with an exemplary embodiment of the
present invention; Fig. IB is a cut-away side view of a semiconductor device including wire
loops providing electrical interconnection 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 le &MEMREAAIRE SShHECHEISEVINSS Fig. 3 is a block diagram top
view of a leadframe illustrating a conventional technique for teaching leads of the leadframe; - 6 -
Fig. 4 is 49868k diagrHin Topniimwsdrest seAaesndiasr itrdalkiiratatyie¢eirsntiohal technique for
teaching diempads ofdirestiomiedhductaxdiganying drawings. it is emphasized that, according

to commaon practice, the various features of the drawings are not to scale. On the confrary,

the dimensions of the various features are arbitrarily expanded or reduced for clarity.

Included in the drawings are the following figures: '

Fig. 1A is a biock diagram perspective view of components of a wire bonding
machine used in accordance with an exemplary embodiment of the present invention;

Fig. IB is a cut-away side view of a semiconductor device including wire
ioops providing electrical interconnection 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 ittustrating a
conventional technigue for teaching leads of the leadframe;



Fig. 5 is a block diagram top view of a semiconductor device illustrating a conventional technique for

teaching bonding Ioc?tions of the semiconductor device; Fig. 6 is.a block diagram top view of
: WO 20097108243 . : . . PLTAIS200805540T
a semiconductor device illustrating a technigque for teaching bonding locations of the Semiconductor

device in accordance with an exemplary embodiment of the present invention; Fig. 7is a
block diagram top view of a semiconductor device illustrating a technique for teaching bonding
locations of the semiconductor device in accorfiance with another exemplary embodiment of the
present invention; Fig. 4Hige Bitsiadnigek-diagiasw top vewelagenicanckictanglgvice illustrating a
technique {QnigackiROLARIRIARGRLIgNS Afiths sepricRdHGIo RMrFailn accordance with yet another

exemplary embodiment of the present invention; Fig. 9 is a block diagram top view of a device
clamp of a wire bondingignaching defiiReANEPeENS thionab et ahikalitypfegnaiconductor
%% eo%sg»a%m(g wgRipek diadram, lusirating a techique for teaching

devices 10 Bg WiE.RRNAER _
bonding locations of one of the semiconductor devices in accordance with an exemplary embodiment

Of the present Inventions ¢ is o pbd@utrf BIOAK ARTalm iR e ok adalae fAmp of a wire

bonding machine d flnln% an aperture throu'%h which a{%oura %of semiconductor devices to be wire
|

bonded aré"SECEESi e HE Dol e st AR G5 (el R R KTy B6fRiing locations of one
of the semI¥Hh a0 ST ES HRATREBFPAHRRIRER MriiBtté%8xemplary embodiment of the present
invention; Fig. 11 is a block diagram top view of a device clamp of a wire bonding machine

defining an aperture thféugh!SvhrPFa PRIFAMY B CaIESrRETTEePHEtaE d8isluRii BdAded are
accessibletetteiglscidieapam Hhisiratitogaticechiiog ecfortedettiing dordimgdacadimes of one of the
semicondugigr fewieeexenacagrennsa math yeshanoisaiexamyyary 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 thregighisshigtcia ptigratitygf semicanduatondevieesvwiodeuairgihgaded are

accessibleydheblack diagiang Bbeiraing.adechniak sfotifachingeyite iRaRaiRgdeeations of each of
the semicopductor dGYISes I acodance with an-exemplary embodiment of the present invention;

Fig. 9 is & 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 technigue for teaching
bonding locations of one of the semiconductor devices in accordance with an exemplary
embodiment of the present invention;

Fig. 10 is @ 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 technigue for teaching
bending locations of one of the semiconductor devices in accordance with another

exemplary embodiment of the present invention;

Fig. 11 is a block diagram top view of a device clamp of a wire bonding
machine defining an aperture through which a piuraiity of semiconductor 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 technigue for teaching



Fig. 13A is a block diagram top view of a device clamp of a wire bonding machine defining an aperture

through which agother lurality of semiconductor devices to be wire bonded are accessible, the block
. : WO 30097108312 . ) ; BT/USI003/035407 . .
diagram illustrating a technique for teaching bonding locations of one of the semiconductor devices in

accordance with another exemplary embodiment of the present invention; Fig. 13B is a block
diagram top view of a device clamp of a wire bonding machine defining a aperture through which
another plurality of semiconductor devices to be wire bonded are accessible, the block diagram
illustrating oteidinicpagdos ¢&eaatiing the sdmigoubationt: ot adchraktdensemitoaductor devices in

accordancexaip:yet ansiel-axeniansembadiment of the present invention; Fig. 14 is a
diagram illustrating a technique of teaching a bonding location where more accurate position data is
arithmetically derived fergthehanglingriogatiemifpceadnacawithoweh ppoiharexsmplary embodiment
of the PresgaLINERLIRkg an apert it HGCGIAGBNAR W Ata.SemiFandugior device
llustrating 3 eciniqus Lof Nshecting Roions of yieloaps inaccordance wig.an exemplary
embodiment o?%e present invention; 9. 874D ock%lagram op View of a semiconductor

device illuSHATHY 2IBURHI GG RoE iy e TaRe Bt 46T P SraeBrashEE with another
exemplary3RiBeowmem o the indsent aivepdosent inventioRlg, 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 loopfi-déEofdaReedigeTrse fotive & efapier ¢lembediménttohtiro present
invention; machine defigirkBais@fiow diagamwhlidstrating alunathod sérteachingobaadirg locations of a
semicondugtet dedieerand additicnabisians ihacerangrusitian Sxerilarembodiment of the

present invenligr; Aihing ocatiofs 3 dakisR ROk Aigmam, Pl Rertion ok ihs,latelignce of a wire
bonding machine in accordgg&e with %eégfﬁgﬁg%%g embodiment of the present invention. - 8 -

| tion;
DETAILED DESCRPFIBKBE ITE invention;

Fig. 14 is a diagram illustrating a technique of teaching a bonding
location where mere accurate position data is arithmetically derived for the bonding
tocation in accordance with yet another exempiary embodiment of the present
invention;

Fig. 15 is a block diagram top view of a semiconductor device illustrating
a technique for inspecting portions of wire loops In accordance with an exemplary
embodiment of the present invention;

Fig. 16 is a block diagram top view of a semiconductor device itlustrating
a technigue for inspecting portions of wire joops in accordance with another exemplary
embodiment of the present invention;

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

Fig. 18 Is a flow diagram illustrating a method of teaching bonding
locations of a semiconductor device and additicnal 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 exempiary embodiment of the present
invention.



[0017]As used herein, the term "components” of a semiconductor device refers any two portions of a
semiconducto%e\éi(}cg%g%include bonding locations to be connected usli;&%\ﬁ(\]/grﬁﬂl%%gg.7For example, a
first component of'a’'semiconductor device may be a substrate including bonding locations (e.g., a
leadframe including leads), and a second component of the semiconductor device may be
semiconductor die mounted on the substrate, gw_such a configuration the two components (e.g., leads
on the leadframe, and die pads of the semiconductor die) may be connected using wire loops. In
another example, each of thefiBCEMPEFEHIP AR tAE BECOMGEBBIAPonent may be semiconductor dice,
where die pads of each of the semiconductor dice are to be connected in die-to-die bonding (i.e., wire
loops provIid&® kTterconrfectisd betiedhedrrpddypiretslofsesaiconciictor diog) Gfecourse, other
componenssareCpetmplate swhiahitay irotudenbonding: Ipsatienstetkedntaseonnected using wire
loops. [0018}f\sddsedsheraire pdennr wirshondine: nactineds-ntendeshiv Reeadlycefer to any of a

class of mahines wich Ay b used 19 onc wits portons, o1 example, such,g maghine may be
configured 0 form wire 100ps. In other example, the maéhine may be configured to Torm conductive

bumps (e.§. SERRF AR Bt ik ECrB I Gl P fPET 2 PR SBRUES W Y ARENHE may be
configuredas Yoy myRiretio oissusb ifdwefiverbipniae S1e. ©rPRIsatsds @il rduatiéhstood by those skilled
in the art, matfy=sef¢heasipecigsoiftie presentiinventionrase applicaktedadmgalrgoaps inspection of
conductiverhympsPERanpeO BN Eas 1AM aHS ineQuibia tarsRkliadinthe art, the teaching
of eyepoinig apd handing Jocationsen.awite handing maching is & Bracs3s Pyvhich the eyepoints

and bonding Iocatigri1ns are sca ne% int Images The scaﬂned images may then bﬁ]analyzed (e.g., by

the PRS) t5 J3%6rmine IRFSTMatioR AboLTthe e%/!eoﬁgl‘sn?fﬂ\é' BN TE SR Y2 ™R8 Wation such as the

relative poBRASP o ayERHARBSHIIAGI0C Al SR D PPV AR ToRR SXE SCts B BRI EYent invention
relate to teaBln @y dodsdre Bitwting iotrtioid o kthintsr Ofrestag esitevisel aftthe expression "teaching” is
intended to cover any of a number of teaching operations including initial teaching operations,
re-teachind @pe&htions Astes{d O EjAste deitie dviib bvedinsachitid el eyeisoits wriddsdivding locations is
subject to sewetal=ekor souLses ahnesulbith Maase (RBIeRibMKEaneepdxersplasy error sources may
include: xydakieiolawint-aiiareMSABlemARRIRG &STRISROStRET LU BAGhINE Mbration error,
hysteresis uof INGUNAL AHTHEIrRL SREERLIGSOLICR GHY te.q., stud bumps or the like

formed using wire). Of course, a single machine may be configured to form wire loops,

conductive bumps, etc. Likewise, as will be understood by those skilied in the art,

many of the aspects of the prasent invention are applicable to teaching and inspection

of conductive bumps of semiconductor devices,

[CG193 As is known to those skilled in the art, the teaching of eyepoints and
bonding locations on a wire bonding machine is a process by which the eyepoints and
bonding locations are scanned into images. The scanned images may then be analyzed
{e.g., by the PRS) to determine information about the eyepoint/bonding location (e.g.,
information such as the relative position of the eyepoint/bonding location).

[o020] Various aspects of the present invention relate to teaching
processes/technigues/algorithms. Of course, the use of the expression “eaching” is
intended to cover any of a number of teaching operations including initial teaching
operations, re-teaching operations, efc.

Fog21y 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,



- 9 - and many other potential error sources. Therefore, the process of locating and teaching eyepoints
and bonding locations introduces positional uncertainty of the actual position of the exe_fpoints and
bonding Iocati%vr?sz;uﬁglﬂlr{l’ﬁzd”the teach process these measurement uncertAnHESENTEN] o systematic
errors to be taught into the bonding locations relative to the eyepoint locations, leading to wirebond
placement accuracy error when the taught bonding locations are used in connection with the wire
bonding operation. [0022]As is known to those’skilled in the art, it is often desirable to inspect wire
loops (or patdiens:pbwikedoRps)y rexample, todeterning tarriensedthe ade loop (e.g., a first ball
bond portigg, gf the-yiseiieom aveig sLhandest Ascraiside-a divenbanding.logatign. Such
inspection A el lady pacesses e AFILIEIRK ed o as ost aond Jaspection (PB1) by those
skilled in the art, For peia ement accuracy B operations use the wire bondervision system (e.g., a
pattern redBEiTHGT SIS P30 irAd & POHTGIT LT HHEBORAEIANAY e 1Y d8R¥Rfine the position
of the bontreatiRiTeBBHIGT YENEtRHERDI Th O FRENBUSRA TR B BRRRih § fseEsoh3swrawlative to the bonding
location byefindinigethendonding todationcatitihe samsetinnejonhsdiotheite dehvpretessininding the bonded
wire is subjgetdgovarious error sources which introduces positional uncertainty of the actual position of
the bonded wire relative to the taught bonding location position. Further, conventional xy table paths
during PBlrepeatations alse haverasigoiicantdaiivenceon hardhasirasesisgsaontdbute to the
measuremgptLnceriaighe JPARSIAGEIrAing. Lo At EXAmplaR: SRRRUMENTS Qh Hag present

invention, there is.a tsggﬂjan'aal reiducygc)rql m.thg teﬁ%h Rrpcess e(:JOJ source lcotnt‘ributlon by configuring
the xy tabl e'r?é‘tﬁ Elﬁsclua mch hé ? w%?:t?pn and dista cea) fraveled ¢ ﬁnr?ﬁctﬁg feyacchapgr“c\)fggss to be the
same as teRNAMEPHERN FAURIRPHGARG SRR 98 RIRTEHTo BES S EY BEAGACARS the teach process
in this marnest baoguraescoénHeas duhimsprsitedsndtimptovied Hewmeay afakeasntiBkion of various error
contributionseretatetite the dificsentce bebwegsitne (x\giablesfpath dsaveleddsringy(d) the teaching
pperatt_ion, &;ﬁwbt é@)rﬁbeavw&abeeﬁ{ntg &qe_@t}gpe Hﬁ&%&%&ﬁﬁﬁ@ﬂéé%&ﬁ&hﬁiftﬂ%ﬁ,ﬁé&he preserfn )
invention, the teach process.i matically re ed. iple times s tha iple images of eac
ponding los S B B L B B e mipuinted) to
obtain mo@°ﬁﬂ'6‘€r%?f€%mow&“59at?8r¥{@’BSﬁ%ﬁ?\%”fb%%\%f’f,“?ﬁé‘f@ﬁb GG 7€ hotential
measuremeREFOIgding GhefrsEiedviaimeHRIRcPS I VBroEe S505 TR Hee WhiTiE AsogHssdy table path that
was used dusitignthe aettighwyice therding preites:fEertbeniadreir¢elRSE dpdratyimay be repeated
and samplssh(Fihratwisgoanashematicallyomantpiated) e dwiberdediiosinpasgseontributions.
[0025]Fig. fdYustrates & semicandunios drvicaineluding, semisanauetqs dig 102 suppported by

leadframe %Ogéu'l;gr% igya%raetr di ortions of semiconductor die 102 and leadframe 100 are the same as

in Fig. 2, and as suceh, not af of the portions are labelled in Fig. 6 and subsequent figures. For

example, ohryxﬂ pads 102§rnlng 102c 102(% 1%%%0%nd 1 201f are labelled in Fi'% 6; however it is
t N

A .4 & U invent .
clear that the remainin Cl%rpa?js illdStratea are the Same as those sﬁcr)%ﬁnlnllry@rf 0026]Fig. 6
e

illustrates &FEHIGEBPHRAERINE USROS BOMBRTE IGRATBHECe contribution by

configuring the xy table path (including the direction and distance) traveled during the
teach process to be the same as the xy tabie path traveied during the wire bonding
process. By conducting the teach process in this manner, accuracy of the teaching
process is improved because of the omission of various error contributions related to
the difference between the xy table path traveied during {1) the teaching operation,
and {2} the wire bonding operation. In certain exempiary embodiments of the present
invention, the teach process is automatically repeated muitiple 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.

[6024] Furthermore, certain exempiary inventive technigues may be utilized in

connection with a PBI process to reduce the error source contribution to the inspection



(in Fig. 6 the bonding locations are die pads and leads) in accordance with an exemplary embodiment
of the presentw{\}/grbggngzgzhe eyepoints are first taught in a predetermined_ order %e.%. in accordance
with exemplary embodirments of the present invention, the predetermine%cgm%%ﬂ? { 3{‘%hing the
eyepoints is the same order in which the eyepoints will be taught/scanned during a wire bonding
operation). In the example shown in Fig. 6, the grder is from a-d, that is, leadframe eyepoint 100al is
taught first (as indicated by the label "a"), theniBadframe eyepoint 100a2 is taught second (as
indicated hydbesdaheintothe thiaperesicansiciosshe: ayepoint thbRais taugldsthisgl (as indicated by the
Ig?el "c"), angﬁ&@fme%%mmwét&m&g%epﬁae@mmg&ﬁ%%ﬁ,twﬁ;f%bg}&mqiséted by theh label "d").

course, y. iR _natur the order in.whi e gints are taught may vary.
0027 Ao e B AR DY IRE RS e cvample.
shown in F‘?&%f‘%ﬁ%ﬁ%ﬁﬁo&ﬁg locations are taught in the order in which they are to be wirebonded (in
the order of "1" through_"24" as labelled in Fig. 6). Thus, for the illustrated semiconductor device
(including 4f910 and [d&dtriHTE 607, R WIrAU6Eh &Y BT R4 AN EorfyitedrtdisotiF wires starting
with a wirestietRcfied fdeegPans [94d ToDH U sracsprbifsamsamctshapresraf? mrdonfigured to form a
first bond déasifivres|o0p At die padeld2a Fand them s sahfgutad tv extendiantemgth of wire to the second
bonding loratineu(lead 100/), sapskthen: isscenfliguwresiefumasasqgaddand ofdhe wire loop at lead
100a. This igmade £leas nFio: &as-disRndi 1073 1s lakelled: it i-and lerd 1Q0ais.Iahglled "2". In
keeping W'SE‘eteaaa%hm%éQ%PQPed{Q%Jé)r%g“9@ in ti?je ordel;__ln \thlch they are to be wirebonded, the
teaching procgss then continues ?

o die Ba 190 (fabelied with a "3") and then to lead 100b (labelled
with a "4" ire loop jis configured to be extended between die pad,102b and lead 100b). Then the
teaching ;))}(ggggs? conli)irfl:zgé,s8 t]él%léa%g fbeﬁ%éé’b% ég i\r;\ﬂtﬁyg_n%nfsa%nég Oé’ﬁ%?]g 85 150c (Iat))elled with a
"6"). Then R 18R MR PIOBE U RIES BPERE Ba 2897 RASSABETGRME™I™) and then to lead 100d
(labelled watHFAPTY, PRPSE G, RHIF tréssd dmVADTiSocESs ararsids ke fraida@Pl idabelled with a "23"
and then lgaetiéRotiflabettied (with, &n"248yd By dedthingripeahonding loaatienshindhes«arder in which they
are to be wirehabdeted signifisanioadionetibe pyampiarsareviouskslaserhgd-potential error
sources maxBeAuRsaBialy imitsd.araxaified 400eELHIA-Alhsliales, ah.RxemRaLy motion path of

the xy table e, a |wA%§§d fromel%b?? s."1" throug ) In a given application. As provided above,

the actual Roton path dutng the e ach protREsaFHah S A WA ¥ UBhHiRg Y Stations are
configured By HBE Wik FoRdicatet Ry Shiarshimst frteasiigmmr areeiinilaasHeimshtrig. 6 (where the
bonding loeetbod < indiredery byl e dated) Uit theatsenniceni c@ve daumlebuina Kaitardogkwise direction),
the actual mptigasafidhersy tahle dukng thedeashingareratienraayhaany whanymber paths (e.g.,
back and forthmelianschanaing gva%i%@_ia?ni@@,émw R RRONS, SiG-N,Another example, a
stand-off stit bongl tWeDeré%'rr?n l%ﬁf%h('ﬂ%’ea Vgg)ﬁ%t 00p {gglt@\gln% a conductive bump formed separate

from the rest of the erecioop, where a po}f 0N Of the rest & \Fire loop is bonded to top of the bump)

would ten ea lj motion.path than the motion path shown in connection with the
teach prog:a{?s 0 Firg. gm{%giég% Aségﬁig%gnafﬁ %E%g’. Sa?ghﬁgdtéhiégg%ﬁgﬁ? g‘r’f_’g ff)erzogree positioned in a
row (.., aldhy s dISHEPLIYC ZhRHE S Go s Bjisngh lprdiees are B YBRDAEE N a row (i.e.,
along a didfinttigkipyIareinise wiiebpadrs 1née pods cANY toppeRe 2SesdabditsdriacFia a row (i.e. along
a distinct &xis)T'wheie thesiissasd istimcodromafartiie factslibstaatialyeperpetidieiiar to) the axis along
which die pady i{¥2aird 83kerREb3RAC e XtRNG.EIUS HBREWRHBALNGRITAIN ashRCt:Rf dhe present
invention, hondifg 13Gationsonanbe éﬁét%ﬁam/t@ﬁa%@@d%é_é}@#ﬁh‘s%‘?ﬁ%&L%c??é“fb%rgd to be wire
bonded, w h%{%éﬂ‘é L andlpeqkl)gcaartl%%s m&:IlL# e E%%@dtWe% Ii(s)ca lons gwt%t extend a ogé% at least two distinct
axes on one or more of'the co?npone?ﬁ_s ot the semlcond'fjoé'tgf 'E?ewpg’.(ﬁf@ﬁ)ﬁ’ rocfing to certain
exemplary BB EMEHIRO LA BrdecaitmUartidRO% riag Betis<iPaRsy RS $e&f8ach of the bonding
locations nAefeipebandes Herivigetitenaaddnhd(Srmcess (§fruedirddatheFaydpoinis mdyialso be scanned
multiple tineeisighiiea tithentcdash ecedshetras Juakedhedpasitiendatg assagiated with the scans may
be collectivalyisneshtendeiesminaeeresoeadraiedsitigndatadotsashphtheanding locations (and if
desired, toprgXide mafe ageubaleRasilan, data Lo e BYSRQTIS) fo8) SXRDBIRRTpa the positon
data for each. of the multiple scans of a given bon ing _

4”) (a wire loopis configured to Be extended befween die pad 102b and lead 100b).



WO 2909/108202PCT/US2008/055407 - 12 - location, more accurate position data for that bonding
location may b‘goazrei]%g/rn]esgi(czally derived (e.g., by mathematically manipulatinlg theupogition data of each
scan by averaging or the ’Ilke). There are various technigues through which Hﬁ%ﬂﬁi‘%‘%&ns of each
bonding location may be achieved. Figs. 7-8 illustrate two such exemplary techniques. Following the
teaching of the eyepoints in each of Figs. 7-8 (jn the exemplary order "a" through "d" ), the bonding
locations are taught as described below. [0031 heferring specifically to Fig. 7, the illustrated

semiconduttter ttevies-hiteludessemitondsiciatdiad 0228y ppontedidny: leatifranaekdo The eyepoints,
leads and @iginads ase-ihe same & thoreIhe\wa Rk §Poai i iftich 16 ifsiRlapsg Fig. 6 in that It
lustrates g pariGRLRos Bt hendadRrons . i diePpdiRdeads) ihere the bonding
locations are t&til] htnl)rg tr;ee%rc er miewhgh theéare configured to be wire ono‘Jel , however, Fig. 7 is
different from- |Q8. B RSSTaCATIRTAS Sad itk iibsled i iRaint ot SRR RREEEn during the
teach proc®¥8.anthe- SRGHBIE SR HIGH . ITcaid i dNsonBfidivaithi HeeYeig. terke pattern recognition
system of tieeting<gio adingi Syztepnitobtaitiseratipie imageswehedahrtkthesondirgréocations prior to
moving to thereexhbpbdingiecation imthe erdesitravhich the bonding locations are configured to be
wire bonded. That is, at the first bonding location (i.e., die pad 102a) three images are taken as
indicated potmsiabel (¥lg.2 Busrbbanihadeatdingprosesshrogregsiaithediexd bonding location (i.e.,
lead 100a)hatedthere ibages arklalken 25 indigrler.py faeidabeld ol kb S deaching process
continues i ()¢ grder . ieh b ponding locations arc.gantigured (o,be pirg bonded (as in Fig. 6)
but three images are taken at _eé’c ‘hondi gqo,catlon. us, in a singlé pass e order in which the
bonding loBETHEAELEhRYUPED Y B wire BdA Faptrasr&e e -ar!sie BXRER'SFRAEN Bonding location.
As will be G@sériltdgmthrcuediceterrtiviswetheaeosiuinplésiveige satiay bend sedltentiectively to arrive at
a single more amcuratedegisesiniation didhenpositionrosiaaepenting ipgationed0ing|Referring
specificallyferigntnibadlssiratechsapuicondsiciay. deses dpchides.sasnicendiystgr die 102 supported
by leadiran.Lfhe TARANERCIIPCIRATANT e PAASAIRIPE SR AotRnes lg In Fids. 2, 6 and

7. Fig. 8 iSbSélﬂ ilar to FiegI in that it |,Ilu§trat_eslad_eachlnl%dﬁrocess rfbon |gf%; locations (i.e., the die
pads and 18345 Where thePboRding TScatbMs AP engManhE BPaw: M hf@Fare configured to be
wire bonddtFmbEEGEr ofikee miige 12oRigviste [RRSHRRIOR EIR Tery o6 e thise inemiplecseamhoare taken of each
bonding lotrtiefupigPihecwa sengriodemys. dmite eotapfigited mowinrin#igi8ptte wivddponding machine
(e.g., the paitermdecog nidacsystenh oféheavtire-beedbigigystem) obtains multiple images of each of
the bonding locations through multiple passes, where each pass is conducted in the order in which the
bonding - k®zédcationssarewondigiared de: padwiredapncas . ahhatods; akthesfikgtdaanding location (i.e.,
?ie pad 1023 (fusaisngaanereriake) arimsicalabydbs, el %@aﬁ%l}mgﬁ@n@@g%b%%di)n% location
I.e., lea ilys that. . n IC { el ("2, 26, 50"). State
differently%nlgfﬁe(lfﬁéggé%;; %%Ellq&%%glgig % ﬁ%’”&jﬁ%é ageiha |g§[géaggletﬁ%°]abel "1"), then an
image is takenAY 844 % B4 (55 TR BrAGH0G R T E1es 3i e AR GiFHagE TETRiaS It die pad 102b (as
indicated H§th@ PaFEERIS Pearfad6HGH [ahtetRuTirid 9448 eraptsttOdm i Hn MméeRls taken at lead
1001 (as irdieatedrbystiredadaly' 24ty riaftastieetficstthasssmwompheten(withdt totatitnmages taken, one
for each benging tecgitan)ha serendvpagstieeardusiss keoinbingiwithdiespadtdaa (as indicated by

the Iabel "5 HAAB-ATLIDARRIS iR a1deark 003 BRdngicaleb P b lAPaLIR a0 S0 on, until the

pen an image Fs,(;}aken at lead 1091 s indicated by the label "48"). After

second pass is complete Wt en oPHHa Semieendactar
Slete (WW%QF tota tak

(a
the seconof?)ggs IS comp images taken, one 161 each bonding location), a third pass
is conduct inning,with die pad 102a (as indicated by the label "49"), then an image is taken at
lead 100a?§§%%icatedp‘%?c[ﬂg a%gf' 5")e,xarﬁ181?slg Sm%a%&%?ﬁ%es fﬁi?aéﬁégssgfﬁst_ g]grennﬁ 2t When an image is
taken at le5@YBROICELR MIfiR 5580 BRF AL TRB BP9 IqrPions uiils i h TR Bepoints (e.g.,
eyepoints 190N DOSESSKTXEsiraD 2hD evtraipertiagn offeHe eqapsmhiayitiny eeschmined again (and the
eyepoints thaysbehgoarewsll andltiplatimbs pnscamnectcesudtitebentpasstanachig\we@ more accurate
position daiaéetithle exePIatlrhidmihiQuahdhethies RASS s RKRRAMINSRERRN in which the

bonding logalans AR LAAIGHECIG e e Ronds aDiES diagss Al faken of egchponding location.

As will be descrlped in rgater,d,etaél be}ow, these multiple iImages m e used collectively to arrive at
= single mETE LR EUF IS BRI P e B ORI T e ABn B S a BT s



[0033]By using the exemplary techniques disclosed herein, improved position data for the bonding
locations may‘gg %ﬁg}}/‘%g and stored in the memory of a wire bonding rr})achtijgedﬁvf}{]gse“n7it is time to wire
bond a batch o dewces,%is improved position data may be used to bohd e BaICR 6F devices without
re-teaching_any of the bonding locations. However, it may be desirable to teach the bonding locations
of more than a single sample device. [0034]Fig. 9 is a top view of device clamp 106 (similar to device
clamp 12 shown in Fig. 1A). Device clamp 10(??défines aperture/window 106a through which devices
to be wire gendad ey herscassaiyaing ahaatingdaslcfaisknonwr oitheseckiiled in the art, a
number of devices.to e wire bagdegmaymheian.g isadiame sbip .padihedeagframe strip is indexed
such that 8 porio of fhe fieyicas [0 be wirs Randed ale Rosiipnad WiliR Mhegsde clamp aperture.
After this paor'f%%n@f?ﬁe 8e\(|8és as - ?Lz_i - Been aua tusinga § another portion of the devices on
the leadfraife S8 Y BEPUERIORRAIRIRY thewiré BBﬁHﬁ%ﬁ fHEERED E5ERBIE vithin the device clamp
aperture tdegbniauesht {olioites Wiréepdnted) RPNt afefAd 9D, 1dadi Hifie strip 100A is
positionedshetayademice Clenpclgb Ton]yaspantitngobietdirametsttpt BOGAssivgiblaow. Fig. 9). Through
aperture 106a, a portion of the devices to be wire bonded on leadframe strip 100A are accessible for
wire bondipap3iiat is, seficopdpetticale L02g(SUppoitestivyekd actfriamdutBO)iesemniconductor die 202
(supportedde)iradiame 200 sRMLOAHEtakdie e tsHppoedeyeleadirameaad@hdand

semicondygtar. die. 402 (supported ly leadframe400)are apgessible-iMpuoRARAH g 106a. As
illustrated in !JgHQ, the bondlﬁlocatl ns on semlcotndu tor |e81002
a

1 i honding locatipns [ ; %ﬂrg le ‘i‘éé%%e 100 have been
taught in A TERHEE A 1" garf) ﬁ?ﬁ%t?&teﬁjlrﬁngig. fW|_t 'tefi"e on&nqg ocations being taught in the
order in wHIBRIEHES BRRAHhIRGEREE & HEUARE BIRuIBER PhiILTRRYNsY the CaftyiE LR AEe that is taught
(or re-taughtieasrardingriveaer Sieniptadiffersb uinm Eigt 6fithidgravdiisrirantionades@se after more
accurate pesiiaaddatieact thadondingdacatipgsiforsemicondsctor tieckdPmadieadframe 100 are
taught as i Fig. Q.thisBote A HMsLesiliondaiadmasbamealisgioadatehatdevices to be wire

bonded (whiete, ihe,2e0ch gldevicen mayigluds semicenduciard's ateupnaied by leadframe 200,
semiconductor die Gims)upporte,g]t"Jy eadframe 300, and semiconductor die 402 supported by
leadframe B IS BRFS PRBNE REETALL s IEHBAAING 1BRXABHLLIHRE LS ABe device taught
according terilgwre fapiany erhbodif cHtad i Pre Sesitrrapgifarey be: séismidd faltiple times, as
described eheveriagesanectien wsithdiigisd Dy8tHEhaltas("Fid, B0)illistrates rstbondingetocations of
semicondugioesie tARandderdiagecioshhengdasgbbin ihemansenaidie.eotsrspanding bonding

ocations of SeicanrheiCie-102 ! 1pAc a4 A0, SHoWS. 1 i o kRISR, ity llustates the
|

bonding locations, of semic uctor die 1 nd leadframe 100 heing taught in the manner of the
correspon&'ﬁgb%%a?r?ﬁc%&oa ons O g _H%?(:Qo%r?}lfc?é'}e _|%n§%§(§ﬁg1 Ieigdgr)é%l,jeg ( *shown in Fig. 8.
Regardles$ 6ife e hEER8IBGE Ut pEHSriRiAG ANAMARS Lot Eden Bishdifg location during
the teach prociiss lofatiensanapslentigytedtalie positiorehith GistaneasdititRkeaehedtthe multiple scans
may collectivedinbectitized A9 wibtedriescribee mopuEate deplassntaticrsofitie@etaabgbonding locations.

Then, the pegition data Hhtaingd by viiizing theeolectvanesitioprdaladiomceash of the scans may be
used when a l:latch of sgmicgndqctotri q\gvices is wire bonded (where the batch of devices may include

b
semicondu%?gr’g?eo%azcsuBBSPtge(f %ay feadframe 200, semiconductor die 302 supported by leadframe

- 300, and segpiconductog die 407 suppoted B 18aditame A0 serhtonductor device

includes semiconductor die 102 supported by leadframe 100. The eyepoints, leads and
die pads are the same as those shown in Figs. 2, 6, and 7. Fig. 8 15 similar to Fig. 6 in
that it iliustrates a teaching process for bonding locations (i.e., the die pads and leads)
where the bonding locations are taught in the order in which they are configured to be
wire bonded; however, like Fig. 7, Fig. 8 Is different from Fig. 6 in that multiple scans
are taken of each bonding location during the teach process. In the exampie shown in
Flg. 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



[0036]Fig. 12 illustrates that the bonding locations of more than one sample device may be taught

according to t r vention in order to obtain more accurate posi ch of the
bonding Iocaﬂ%‘i? ﬁi?ad%%gm Fig. 12, each of the four devices acce55|blg%Eoug%JaBée§k%Jre 106a (i.e.,

semiconductor die 102 supported by leadframe 100, semiconductor die 202 supported by Ieadframe
200, semiconductor die 302 supported by leadfgame 300, and semiconductor die 402 supported by
leadframe 400) is taught according to inventive techniques. By teaching multiple devices, additional
samples ol EIHESR FPAEgHrafeOBrAE PoTHRSh MY Bealtilie dtstendivg dergh¥otie type of
statistical/mhathehidtentanalysigsuch asaveraglivglemhborter itdbedhiews, mete dbeurate position data
for each thesh@ngivetasations cidring anincitatydie: kording:pre s salBP37 Ihikatigs. 9-12, Figs.

13A-13B illysiratadeyise lasap 1%@@%&9&%95%rﬁelﬁ)é@pygwgv%agm JdyJ3Rdllustrate a
different port doﬂagfl qu@”ﬁ F heolg@ aving been Jndexedtlnto a smorg)b Iow aperture 106a of
device cIa P ur devfées bcessal:rflén}ﬁ t";'utshaaegr ure 168 gs. 13A-13B are

semlconddﬁ?ﬂﬁaﬁ‘?@ %@%L&?ﬁb‘ﬁéb W%%W&%‘%%egéﬁﬁ&ﬁiﬁj&?&bd% Wﬁ?ﬂﬁé’rf@ﬂ by leadframe
600, semiderrilietoragit sPOR sUpp oheetirsyprsadifcamel st Ovhend: s émige roiaktor die8B02 supported by
leadframe 800 .(FgsdidaA¢ b3 Bhidl usisatedyrirerexanipies-6t additipnat teashragaperations which may

be performgddBsatien ter@bﬁli@amsnaﬁ@u&%msai%amm the:handing.dgeatians. [0038]Fig. 13A
illustrates Qpe dev E&SS {08 égfiﬂz'&%%&%l?{h%"?aégzz%umﬂ x,heg%qg%@& %Q?e;aﬂﬁ%d% taught in the

manner shown in A is intended to IllUstrate that after teaching one device

(as in Figs', '19° tﬁggl b V8P FRcitipre’ e g@s Clad TG TSRS HhEPOREE: #hahiple devices are
acce55|ble“i'Pﬁ%§Haﬂheé‘ gelree tahipsdprtiird hHtedabatidifionatdivibe sRsPBdIERSARI devices in Fig.
135) may Isentaletght wiffe24ridetinpaen cvkaroune 6frdevicesnifitg thertiondngiposiiers [0039]Thus, it is
clear that theis.ael vagianmgnathens etimpeownhineRe Bjiendasa obsanedbynnarigeming multiple
teaching/scapRing: ORGSR ma@m@mm@r?%gmﬂmm th@ wmg@ some of the

methods that h?\ée been descrlte)%,d,E % s!e% rgaose Eéltlcgb nglg) f} ma¥ undergo multiple
scans of each bondin %Iocatloﬁ 10 obtain mu fes 0 ition data for each bonding location

(e.g., as inERYET B Wﬁ%‘*'lﬁ?}’ﬁ‘fﬁ!ﬁ‘iﬁlé%n%@%ﬂ&ﬁ Qg%aﬁpﬁ%zséﬁﬁﬁ’edl%nﬂﬁé each to obtain
multiple exeaiijsiesiéhperioinidarado e nsitiny (oeationgepe Ms mrFigssaepradd 135); and
multiple sampiipideviessnmeyhatttergareatipiasscanrsrohveanhrbandirge pdbtictogatiaga:-to obtain multiple

samples omoe&}tigaﬂ@tafausemwm}egaﬁ%(@agenqamﬁiemgrtnﬁmﬁ%cmq}%ﬂsﬁdgs 7-8 and
10-11 W““l&*&%ﬁ%‘?@&%ﬁ’& 95042 W}% b33 aoihﬁié’é”% o QINeL yasialg %ﬁs dSo%Q” mplated. No matter

which techm ue Is used, various sa 5[;9 %1 ‘1 osition data ?oraglven ation are obtained.

An exempl 27 1R% & e dsraied 26 BRI é?i%én}ﬁ%ercé‘% BFate position data
useful for Wﬁ@ncﬂh'écﬁ&&baﬁmfé%éﬁd‘lﬁ@%ﬁél%fﬁcﬁ?%ﬁe TR aspaARTPe PHEACES N be performed.

each bonding location.

{00331 By using the exemplary techniques disclosed herein, improved position
data for the bonding locations may be derived, and stored in the memory of & wire
bonding machine. When it is time to wire bond a batch of devices, this improved
position data may be used to bond the batch of devices without re-teaching any of the
bonding locations. However, it may be desirable to teach the bonding locations of more
than a single sampie device.

[0034] Fig. 9 is a top view of device clamp 106 (similar to device clamyp 12
shown in Fig. 1A). Device clamp 106 defines 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, 2 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



[0040]Fig. 14 is an illustration which is useful to explain an exemplary technique for using the various

samplings to arjthmeticallg derive more accurate position data for use when an actual wire bonding
ion is to 1220090820 . : . PCTIIS2008/055407 :
operation is to be"performed. Consider again the example shown in Fig.”7 where each bonding

location undergoes 3 scans in a single pass. Thus, three images are taken of each bonding location. If
we consider the three images taken of die pad 102a: one image of die pad 102a may be image 1401

in Fig. 14; another image of die pad 102a may'é image 1402 in Fig. 14; and yet another image of die
pad 102a may beiymagmnd 4088) &rigehtd pdinerthredmages fhahelidbdirddO 2 rianday4@3) are plotted on
a set of copgdinaesayendneidiLbifumpthamaticaldibsiratioraniyy i lhsmgagh@fthgse images has a

osition on the coordinate axes, (where the cagrdinate is il : jtion within the
Eoordinatgb se;}gtu %?é%rtqh%eéé%ﬁf%%\n Sé or ols::elfe‘:e ré'ﬁ%r%g%&rtg ﬁi?ﬁr&égig%%r%é l.ij?‘hd?((ag]:;'c%s_ition data may be
described RPETR8Y A mAseFaAIRERIER 081y 2 REHEAGE 'BrHIa Pad Bottsh B4 '51 Bie pad, left edge
of die pad,FHg¥ edgeceguegstiie déhter e paidhe Straat RS Wierketdghidngst others). If we
consider theapositiondatadto be epeesbirtéd bydhercénriemrodteiackedieqpedsttralipd$ition data (in terms
of x,y coorgdingiearddsy,imaga+40bds, Certdnimdetlitha posiign-dats fasimage 142 is (x=5.7, y=4.2);
athema e dava for cle pac
102a. For g%?)léloﬂfgd [%eg%?ﬁ?éaéﬁ%g Op%sﬁfﬁ)ﬁcﬁeasfé% rﬁglf/y%u %e'l\? FRged %%gaér‘ﬁeﬁ ir%%?%g%dggurate position data

for die padf02a o024 BXEHIPRAY SPIessIeIo alBiaif EIETBRdCAEWORRON data is: WO
2009/108262B'E T/ 3 SRODSYGBEMED To- th7t-vblepted nai@rade ik fositiotisgdetatiminee(@sing the x
position of thekenterpeirt of @ach image), anfijuhens as avemgadl Iy pesiterts determined (
using the y.pagiticR i e CRNMRIGROIBE Af-BR&AFIINREE) {Pidagingdhs ReRiiemeaterfrom the 3 data
D RN 2RIl L ARG NP SO TR P BB, oo S.7+4.8 =620
- for semiconductor die 102 and leadframe 100 are taught as in Fig. 9, this more

accurate position data may be appiied to a batch of devices to be wire honded (where

the batch of devices may include semiconductor die 202 supported by ieadframe 200,

semiconductor die 302 supported by leadframe 300, and semiconductor die 402

supported by leadframe 400).

[0035] Figs. 10-11 illustrate that the bonding locations of the sample device
taught accarding to an exemplary embodiment of the present invention may be
scanned muitiple times, as described above in connection with Figs, 7-8. That is, Fig.
10 Hiustrates the bonding locations of semiconductor die 102 and leadframe 100 being
taught in the manner of the corresponding bonding lecations of semiconductor die 102
and leadframe 100 shown in Fig. 7. Likewise, Fig. 11 illustrates the bonding locations
of semiconductor die 102 and leadframe 100 being taught in the manner of the
corresponding bonding lccations of semiconducto_r die 102 and leadframe 100 shown in
Fig. 8. Regardiess of the exact methodology for performing multiple scans of each
bonding iocation during the teach process of the sample device, the position data
obtained during each of the multiple scans may coliectiveiy be utilized to obtain a more
accurate representation 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 & 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 ieadframe 400).



=4.10 3 [0042]Thus, the position data (where in this example, the position data is calculated by

calculating a centerpoint average of each image) is (x=5.2, y=4.1). This centerpoint is illustrated in Fig.
14 as point 14Ytaf8a2,(3 (g)ﬁlg%% average position of the entire die pad is illustratee aS¥ERE" hox 1400.

[0043]Thus, as described above in connection with Fig. 14, the various scans obtained through any of
a number of techniques may be averaged or otherwise mathematically manipulated to arithmetically
derive more accurate position data for each bonding location. This more accurate position data (for
each bondiftPRsdation) Fisay 2Hdysieiessihed the: theadinsntrsaiioftieé mgre thendimgsamadhine (e.g., in a bond
program) todveeisey Wwhenanirecbeningpateaichof sersiconduetas devieesn fisrdar techniques may be
employed @AiRvideRieReC R8RS RNLIAIR A QYBROOHHS When=pultiple,scapsof the eyepoints
nave been B aNRCLI00aLNI R, Ik sxaRIple satibed ARaKe D AARDEI ARG R, 14 was
described in.connection with the example shown In Flggj where there are 3 iages taken of each

bonding locato I d SIhgTe Pty s e AR AR & T AR AT CP e e Y4ERh Rifies described

above in cHAASERBIT FRAYERFITANE SRy Bthes b atidisl 1Aasiparitrshbe IdlGes) may be applied
to multiple #¥fge sataits rusivigarsyivfeatveriimbnighteclityiferessidsurthispleveilécdjmages are used in
connectionaddtticiie exasnplerithdigstibn AnyenuenhesisddragasTnaydeiakenaand utilized in the
arithmetic geruahiannqf fiossraeauiala AeiHon:dalrfasrch drnding logalian 4304  The benefits

achieved uaségg\}gﬁ.‘gggggé %ttechng%%ed% tof ftor}ee present c|>ngl%nt|on éig.rg. asubstangicatllgl limiting the effect of

n
u pos! oca URnNg an .
the error sources described above) are also app icable {0 w%pec Ion techrﬁques e.g., PSI) of wire

loops that KAV 84 BESR formed. For example, Fig. 15 illustrates semiconductor die 102

orted by leadframe 100 (as in Figs. 2, 6, etc), where wire loops 104 provide electrical
isnut(ra”rjconne@(gﬁ:y etweelh'krﬁeg'é%'c?f\}g’ i@?)a%&é"(]e?fé.’f'H?ér?)tﬁﬁ‘ﬁf?z%l,a‘fﬁi‘g?éjﬂ'yﬁﬁd leads

aperture 106a; however, Figs, 13A-13B illustrate a different portion of leadframe strip
100A having been indexed into a position below aperture 106a of device clamp 1086.
That is, the four devices accessible though aperture 106a in Figs. 13A~13B are
semniconductor die 502 supported by leadframe 500, semiconductor die 602 supported
by leadframe 600, semiconductor die 702 supported by leadframe 700, and
semiconductor die 802 supported by leadframe 800. Figs. 13A-13B illustrate further
examples of additional teaching operations which may be performed in order to obtain
more accurate position data for the bonding locations,

[0038] Fig. 13A illustrates one device (i.e., semiconductor die 502 supported by
leadframe 500) that is taught in the manner shown in Figs, 6 and 9. That is, Fig. 13A
is intended to illustrate that after teaching one device (as in Figs. 9, 10, and 11) or
mukltipie devices (as in Fig 12), where the one or multiple devices are accessibie
through the device clamp aperture, that an additional device (or additional devices in
Fig. 13B) may be taught after indexing a new group of devices into the bonding
position.

[0039] Thus, it is clear that there are various methods of improving the position
data obtained by performing multiple teaching/scanning operations in accordance with
the present invention. To summarize some of the methods that have been described:
(1) a single sampie device being taught may undergo multipte 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); muitiple 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 multiple scans of each bonding



- 18 - (e.g., leads 100a, 100D, etc.). Each wire loop includes a respective first bond portion (e.g., ball
bond 104a) formed on a die pad of semiconductor die 102, and a second bond ortion7(e.g., stitch
bond portion 19 k%)mfggrl"ﬁ%:é(@ on a lead of leadframe 100. Often it is desiredtd eXaniia the first bond
portion (a ball bond portion) of a wire loop. For example, it may be desirable to determine the diameter
of the ball bond portion, the position of the ball hond portion with respect to the die pad (e.g., where _
the die pad position may be determined by scanning the eyepoints, where the die pad position may be
known fronethtiae ey ntechnidpesriiseloSeekbencintaciu: paamiomgdtolitetiinfoernation about the first
bond portiesrandieack eyapoigs weation.§0Rd6lniRigithahthedaspectiongf wirgnwops 104 follows the
path in whictiathegpirg, lqoRsnuers-wirmbarded dn.piden onHhsiantalivdimih g petential for certain of
the previougly deserbed. eriohsourees s, (e Inading eguibment.of he FRSnoyes in the order
from 1-24, as ?Hustrateé In Ff'—llgg 1 fe.g., 'tqhe,ope,rati%n’ll ustnr_aP d in Fig. 18 may be’conducted after
scanning tRECERPUIHEE 200516089 SHRRIT I8 BREEEALN G WRUMPIR A& Rach). In this regard,
the PRS firsitiov et griub i woTatbe seivicuiighomnstitieongatias(mdictes wyahef label "1"), and then
the PRS moues:t) ilcacha pedonfiendframe 100 (as indicated by the label "2"), and then to die pad 102b
(as indicated by the label "3"), and so on, until the PRS reaches lead 1001 (as indicated by the label
"24"). Whilgoa4ggrtain apgplicationsiiusayidevdesirablestol obteiamageieasiton data for each bonding
location (ingltdipadhe: fissipmadinglRcaionsand thermeacatandingdocations. in certain
embodimepisidnau% AGSIGdP ANMAINPRRE! A RAFOBALHLG e lagR AR fextain of the bonding
locations. Eor eéarr%ﬁ%? &reng ar%n%&%‘%erlslrgid t9 ‘lNrLsAoeect tﬂ%flrﬁitang%t;l)&rtd%g 9f thse wire loops (e.g.,
in Fig. 15 tﬁgnﬁ!rsfb 'd('portlon of the wire loopsis a Bal50Ra POHioN Tormed ol Sach die pads of
semicondudisdib 29 e gt BIEs BT THIRGI5E HariafRiAeP 9 iRF3HMy Etfoment of the PRS
in the maneesrsiigsthatérdn FigoseSavehichdiectad 9 Theonmotivres © tirrsdciid bemdiag locations).
[0047]Alternnaibectyom:anather: exam@lerglewndnr big. 8 zitmnaydensesirembto movesthe relevant
gort_ior;s ?_fa.th@ RRaseIemag0ly t@éb@@q@%nqmpﬁ%@tﬁﬁ& bierRsRectedk R-Edg- 1_6% aflt(e)g almi -
esired alignment/re-alignment.con scanning of the eyepoints (e.d., eyepojnts al, az,

ozar, 1030V Gty e e S e AR 3 S B e en comtinues
to die pad IY2BPEETRERAILE B B Kl 2, TAEhESMITIEEI6° dIR° FRPTEYE (3 Rdicated by the
label "3"), &RAF4H5R 2XRRIRR i fRPACEILE RIRsHsdt ¥R gsig DR RcgiP IR Dy the label "12"). The
path illustrateddinatgyied o sactfoliord dthepdithomthsiohe thenwing fteopseyerehéormed (as in Fig. 16),
and as suckosiees gk preyistedeetiais beagiits eetatagkiaurfhngorestjaspaifpetaniial error sources.
Nonetheless, mapy,ofdiae. aforermentigneg.bepaliis are 3l pigyisesibiae aath Wilizes bonding
location posr[éoréod ta L&re\ggHggopbtg%egt, f ge(?;fnmv%, égg%j%htghe |ni\{ep‘tlvej[ t(teaghlng techniques
disclosed Haea'réin.'-[%)d'I ]Olrhe mspécatlon f’ecﬁnlqu s UiSCI0%EY Reldl ?ﬁai)? AR rgpeated ina .

represented by the center of each die pad, the position data (in terms of X,y

coordinates) for image 1401 is (x=4.8, y=4.4); the position data for image 1402 is

(x=5.7, y=4.2}; and the position data for image 1403 is (x=5.1, y=3.7). The collective

position data may then be mathematically manipuiated in order to arithmetically derive

more accurate position data for die pad 102a. For example, the collective position. data

may be averaged io derive more accurate position data for die pad 102a.

[0041] An exemplary expression for averaging the collective position data is:

N
(%)

:‘f = =1

N

N
2.()

5} = j=}



manner previously described with respect to the teaching of the bonding locations. For example,
multiple imag%§goggﬁt)&%$9etermineq port?ons of the wire Iqops to bg ins]Pc%?_LE%g m%gsgfg takfen ina
single pass (as described in connection with teaching bonding locations’in Fig. 7); multiple images of
the predetermined portions of the wire loops to be inspected may be taken in multiple passes (as
~described in connection with teaching bondir!glllo_cations in Fig. 8); multiple images of the
predetermined portions of the wire loops to be inspected may be taken by obtaining multiple images in
each passymdie ks Fusitigle-passes: a edakemfde ysangahbinatiarobthiecteatiniques described in
connectionuihieachisg hreing Inealins: iInEigssh8). iamengshaihersni0@dsiFig. 17 is an

Mustration WhiEl 5 Wee Ll 0. SXplalh A2 TRRALY 1BERBIALELARIBA 406 YareU samplings to

arithmeticd gas erive more accurate position da a})for use nnlns,[%ectl{;% a portion gf a wire loop. As
previously A5 RABE HPRRS. A MESHE SIS QX 2R WRAPLCATEh FI{Nal Bond portion (a substantially

circular image) of the scanned wire loops undergoes 3 scans in a single pass Thus, three images are
taken of each first ball bond portion. If ywe Tor-Ta e tlpee images taken of the ball bond portion of a
given wire loop (e.g., ball bond portion 104a of wire loop 104 shown in Fig. 15), the images are labeled
in Fig. 17 as 1701, 1702, and 1703. The threetifiatés (.go 1701, 1702, and 1703) are plotted on a set
of coordinate axes in Fig. 17 for mathematical flustration only. Thus, each of these images has a
position on the coordinate axes. The position data may be described in any of a number of manners
(e.q., cent¢o@iZhll borthusadiesofitierd| datm (Minore ipehteexdiapietde obbtiitbéwd, i £ombinations thereof,
amongst others:d Wesrnrides thenesition datade hiedepreseated bystheeentgr ohieach ball bond,

then each center paint may-heARtaned I imsi9bsaatrodinplesasARserbed above in
connection V¥!th Flgg ald4§.s'l;lpues§%t>éﬁ/ ag%ghtljog\c;sxmg%yhen be be mathematically manipulated (e.g.,
averaged)?ﬁ g?ader tSGrithmetica y derive ' more accurate position data (e.g., a centerpoint) for each
ball bond. The centerpqint of the ball bond is illustrated in Fig..17 in d the average of
the entire gfﬁ)g disil ugfr‘aatsea% ggnégﬁ rlz:?}!glénf?%?%ono #55??1 %’r?‘ic?;% V%%%l?i%aggsition data of the
ball bond AFEeS BIpradagh tha W%Ma‘ﬁ&%\?'ﬂ%ﬁibﬁ%ﬁ%ﬁ“&ﬁ%%dr%h‘fﬁpefé‘”é%eans of the ball bond
portion), morshgealically PRNiteied FAYHE elFbr Ve DI BBYOSPRTEFRIFRIAMProved inspection
data accoreliag toritiagvatisius X mplary nigdi pveitis olath ¢ fpresenbandingtiorrtiescribed herein, a
number of hepefils Rawhe achievesh&roexample LardsKnaumie [hesenskiledi in the art, there is an
offset between the bonding foalde: - Ronslingsealhe indrisotlats theinartien-abihe optics assembly
caried by the bond.head adiacent the bonding, (9ol (e.d, CAMRIA BOIIRY. 1R FIG. - Itis importan
that the offS& (LBIRLIMe LT ERNTE 16 2 "Crosshair 0 Ps_etff is known to a’high degree of accuracy.
For exampleeartay trietscaomiplgt i G¥eRanEs EaMaIHet Lt Yeaching of the bonding locations and
eyepoints using camera portion 18a), the bond head of the wire bonding machine is moved to use the
bonding tob? fﬂarformWﬁg%ﬂ%%BWHIﬁ&%ﬁ'é?ﬁﬁ(S’Hf"‘ﬁa RIS H’étpﬁc%ujfgtvé’?f known, the bonding
tool will notibestivrest destregositih the reéiie Berding hératiie [8RHg THTAPEDoNds formed in a
potentially tirdesirabie ioedti@naatadie psiddge tasslikes Thiy ihéttiescomplicated because potential

errors assoﬁjgggggv{gf}m@@;%g@r@egligtg{@ngtnvgbmwﬁqm?im@(1)46\1&i5ﬁ§1@imgroperation (using the
PRS), versys,(2) a wire banding gperation (using, theBonding taah-E et theoffsey may change

over time (31ur|n either o ate%c_ process, or a wire bondlengaproggdsfsr? becat{se of.ttgmperature

influences aNATHE THRBP By & ihﬂél?ﬁ‘or%‘rat\%%ru%\@lg%r%ﬁ?@tlan data in accordance with the present
invention, CBFIEHITHAR HUFMRiAS iANhBUBTRSE CHIEP 58 BRKRRIG TSN AHENEBY Britfiding for a more
accurate wingtihosdingivasess! {005 sfaltabuntsitinn idripdetivrrtdedineésaieseribed above primarily
relate to inspection of the first bond portion of wire loops, the present invention is not limited thereto.
The inventij@owEhniquekh enzpdfssasplvdosiegithestersiion oivired §bPE @%esecond bond

portions). [@RR3tmig (8. jseiiavntdingramnig usérating varieusrexempiaryestribedivberds of the present
invention. As.isundstatand byiibasesiilechinhe a4, eaitain wiensdaksladia thedigw diagram may
be omitted: certain addiyonal steps may beadeied: and e PRl e Si5Rs@ay be altered from the

. 0
order illustrated. _ . .
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



[0053]More specifically, the flow diagram in Fig. 18 includes (1) steps of teaching bonding locations of
a semiconduc&%gl%\s/}i/(l:ées,zgnd (2) steps of forming and inspecting wire Io%%f%éé\tmstse/ 5514%90’ the wire
bonding maching’is prowazed with position data for (1) bonding locations of a first component of the
semiconductor device, and (2) bonding locations of a second component of the semiconductor device.
For example, referring to the semiconductor deyice 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 seffiéorericidP ¢he 10D & foFarieviEadecafincindes o siparkee F06. Bohs ratiemay be provided,
for examplé&-ghroeigboadaaeh) froves onar dirayab efroviced dycoffintodatade gec@@D data or the like).
At step 18@2adhpeianeinissat@ashebshefirsd anddhegecond £0MRAAEELAroscatiad using the PRS

system of (e Wit boding iAhNG= AN LRIEH O I0 LIS EXAIAIC SN IR0 6, leadirame
eyepoints 100al and 100a2, as w%gtg%{%g%%omts 2al and 102aZ, may be taught in a predetermined
, thé

order by the PRS- [}65?1]3? st . ORiRG TEEARIEh S §F Fe iR E SRS ReHIOf the
semicondRaBFueticasrid f??é“gé%ﬁa SRR R FIREISRACSIUI JERAC Ataught using a PRS
of the wirensstigingerdehintetniobidin serorenadoaretterpositiometatidoticaapddassaiponion of the bonding
locations dfdhedirstfeainpenesdhanddtieigaco sdammpeaent, ke, teaskhingesiep is conducted by

teaching theehanding desatians:ia. the Lpdalin mBigh-the): suaenfigisred to be wire bonded on the wire
bonding machine. For example, Fig. 6 illustrates an order of teaching the bonding locations beginning

at die pad féieasflabellad Fy’) @nehending @i leadil0Rs Hakrliedowdie AlsiaphiGB:HOe teaching step

of step 1804 (And, Py GRQIBLENAIBY StePa6E0RIS SRRSRISEhARSABIIRINgdMumber of times.
For examplg referrin t%gl s.d7-8, two examPiLes %f] re ea,tlngethe teachﬂ%gpgggess shown in Fig. 6
are illustrattd PR St 1508 RO FE AcIVAES poLifion SRS SIS FHREIRRAR F&Ved 18 $he bonding
locations USiHe @S A &htasdiiairmeesf o RietHe (efeatBttRUEHMY BFtRESHdRdIAgYecations. For
example, Figy 4 thistvatesadten ethotd o theverergping thed pbsiiondatRobtéided from 3 scans of a given

bonding loeatioe: HANBGGIRteREB].0 1vhe legps afie: fermedlabvesn theandingdocations on the first
f‘”d 5??4”9&9&29&&%6}1&3?9@%% m&st@&tsw@@mi\t&@ﬂ qaﬁhgﬂr@%ﬁ%’u@% J,e'ic,glusftrates wire
oops viding electri ercqnnection between respective pnes o ie pads o

senﬁ) icondu%%%? 8%%%15&]%6(;:%%%5 qufé;%g%rlaoﬁﬁ el%% ?A%sﬁegn%qﬁn a?t%eea%?%ﬁggrbti a[r)ls of the wire loops
are inspectBYTEAFYHEPREE' of théWire BOnUiHG RdEmAE2®6F BRAMME 38R T Sllustrate
exemplarytfteclhfd i2% ToVdeennipritpBraem secgs firgehak BervdPotieRS)of wire loops 104. [0056]Fig.
19 is a blotkafiegranicnf aoxtione280Bootitieldnieibiy énde df @ thdarérixdndimemashvne avidich may be used
in connectigR vdtbraastat-RXempiaLy, iIRCRRisHemBbiR-RIe Ranbinkenliond Robign 1900 of the wire

bonding maghine Includes coniral sysienn 1992, And pattara recaanition system, 1904, Pattern

recognition ?/ste\“nle 4 is %)n_fi(?uretdtgorf‘teta]ghig%é%) bor}(%lj’ng‘ilpc tlong of a‘fir}§_t C(ljgnponent of a
semiconducfor Yelite (§UC éjs'n@ef)adg of semicenduttSr die '(5%%0&% e(lg)’ﬁrc’)nﬁh locations of a

second corifdieMEr R Shiicbrditdrdevice ELEr d SRR Bed ararie $50)77s of

semiconductor die 102). Nonetheless, it may be beneficial to move the imaging
equipment of the PRS in the manner illustrated in Fig. 15 {(which includes the motions

to the second bonding locations).

[00647] Alternatively, in another example shown in Fig. 16, it may be desired to
move the relevant portions of the PRS system anly to-those bonding locations to be
inspected. In Fig. 16, after any desired alignment/re-alignment conducted by scanning
of the eyepoints (e.g., eyepoints 100al, 100a2, 102a1, 102a2}, the motion path begins
at die pad 102a (as indicated by the label “1"}, then continues 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 102| (as indicated by the label
12", The path illustrated in Fig. 16 does not foliow the path in which the wire loops
were formed (as in Fig. 16), and as such does not provide certain benefits related to



- 22 - Control system 1902 includes arithmetic unit 1902a. Control system 1902 is configured to control
operation of patte ition system 1904 such that pattern recogniti istem 1904 teaches the
bonding Iocati%%)s%]%ﬁ%%ﬁ%t component and the second component in t%%%}f/g%}ro%ﬂ% lich the bonding
locations are configured to be wire bonded. In this regard, and as illustrated in Fig. 19, certain
information passes between control system 19Q2_and pattern recognition system 1904. For example,
control system 1902 sends instructions to pattern recognition system 1904 regarding operation of
pattern recOHiFHAT 8§/ 8RsARTRY OIS hallpnpERESs rEeoy Aitity alsesrantionesends image data to
control systemefoe dfitrpritipdedrifdige saéires ttikenbohtive bendmgpedidiotsdrpatemshing process (or if
multiple im@ges aradakenpid) earigrmio et HRRIORS Of WitedonRfl uRIBsPREtGN process), the image
data may be used by artithmetic unit 1902a to arithmetically derive more accurate position data (or
inspection datean an iNIREGHFEIENEESH)q(E etsadhestnGanRIRE s @yemplary in nature and
may be proyideel in& BUMPRLAHIAIMRnasdsknewRiRiR0sE SKISDAIRG RILAbyre-honding
machlnes.&!f(gl[n eramg{g lEortlorgg foﬁaﬂ?g@e ecognifion is&gsgtgm %QMQiﬂem%gsth gon5|dered to be part of
control system 1§07, 6 fm?houg _?Hje presen |n\}3e,n ion has%een escribed primarily with respect
to teachind BPET&HSRY &65raliteD DA R BFHBFSHRNG BEoRuStmErb that®hing operations are
followed byadineledfairgoperdiiombupr)imesks aidteonesdiatatned serfirvsrtiatoridevices (where the
wire bondingmperationsatsesriae tacseeaceunatepdosiiesn (aialcerived ifrosnrifheideacking of the sample
device(s)).tiimatiimiiag iataie R erpiaing inithe PRt RusRtiancimay Reissicable to perform
certain of tge ieie ieachiap.ieehnidyiss alditersniinienaladuring s ie.bonding process to
account for ﬁgstemé; anges e.,%.,ctgmperature shitts, mechanical shifts; etc.). Tch_us, it may be -
desirable t& DEHOMT & FETEER RN BEBATorT PR 2RSS (108 HRENAE AEARREE4R disclosed or
claimed hef¥IR§ACA BlEdEtsRmBo TS APaRERBT BXasipled sUtRCAZSFEdRErmined interval may be a time
based interval (e.g., every 15 minutes during wire bonding, every 6 hours during wire bonding, etc.), a
wire loop ased fritel/alS @y &V LB tASLLSY iR NRDSTSHREA#MUring wire bonding, etc), a
device baseehiricus/i (esiegyE0G devd ce thing hinar ibeestivdile dohdedoretecruamongst others. By
performingpasrestedahing eparaiiepeateestabrisiasvalsi-ineved pesitienydrtzpay ke derived that is
more appliggble fedhsiartival.eiprnlatatus af the wirebendipasmarchineanmdifhe dguces to be wire

bonded. [0 tain e lar odiments af the present invention_have been described herein in
connectioﬁgv%%%iéggh%ﬁgéﬁgngﬁedm¥%gép%igﬁ%]eggﬂﬁgrsga ‘é%%‘iﬁtéﬁ",?riet %Ssc’)'rg-epﬁh%\?vﬁi%h they are configured
to be wire BERFES FHEGARLERON AL ELRRANY BAStBmBofimtidcs b BradBRERVaKR LN, the xy table
path directfdiaridbipswheeiray b ahensuitdWariag thinpiare it dévfghmctede during wire
bonding. Ho®#@etuewnimcdgtdih) ethid ddigmsrits: tdtifledpreSgnt e htion , 1¢ertaandotiier.chasacteristics of the
xy table meiien ehsdag dhe, teaehingoprasess taayfoliRwdheny dabie antipaeertigured for the wire

bonding pragess &qr SXamRIEa eYelRsity, gocsleration, andmoficn dime. foneariain,pf the motions

during the {eaching process may follow the xy tahle motion configured for fhe wire bonding process.
This may provide an improved leVer of acetraty in“cenain applications. however, it may not be

practical ineHMATR Grfr&aBIFE EBR EdeltpRA g AP ViR b pih GeRTBtiGHRTREINCA #itdt bonding location
to a secondavdnehingilsdane iNeayf, Monnalieopats]02awe desiit O0w) ttrtive | daligtobthe xy table tends to
vary duringeqﬁféeﬁ_&fmmrtiwe‘eﬁﬁ‘eﬂw_ WaER tlia_mmmgi,oyfme&ﬂfﬂ&@teimﬁrmax)ﬁmgtﬂbﬂm@ae}atively Iong_time
Lor the wnrqu@@méwpml\l@m@ﬁg? d&ﬁb@ﬁfswfecaﬂmlﬁgéwoﬁagﬂql@ﬁ £f timg)dmay not b? deswﬁb'e
uring teachin rations. Nonet s, such an approach may be taken in other motions (e.g., the
motion aft r°§§?ngg|§%§%}g f%v?r%(ﬁ%énf?t%%fﬁaét'ﬁgg ﬁgﬁﬁ&tgﬁgﬁ%f t%:vg R V\‘/ri;rgrij(%{)%? the motion from an

eyepoint t& B RS 5B IBOGRIBR I P ISP 6B 2 A RERRE P eiEbBRthents of the present

invention hRnE b&kg centerpoint of the ball bond is iHustrated in Fig. 17 as point 17002, and the
average of the entire ball bond is lHlustrated 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.



described in connection with a teaching operation whereby the eyepoints are taught/scanned, and
then the bondi‘gg locations are taught/scanned in the order in which the)g,gﬁugonfi ured to be wire
[ €

bonded; however?gggﬁi?v?ﬁ(%e appreciated by those skilled in the art, during BRC 5|5r‘%"é7operation, after

the eyepoinis are .scanned, the motion from the eyepoint to the first bonding location will tend to be
different from the corresponding motion during the wire bonding operation. This is because of the
previously described "offset" between the canfera portion and the bonding tool. During a wire bonding

operation, jies@ption fegrphasfinahgysneinsseanivaeradhrsamermdastionis above the eyepoint) to
the first boﬁﬁg@?&@ﬁ%&%ﬁ@%@%@&@i}%’w%@ﬁ@é@iﬁﬁﬁ fitatibandipgolacgtion) is a motion where
|

the desireq poRona) ConHeRoINt:a che mation changes. Mie e camelR.hertigl o he bonding tool.
However, TS hBEthe G588 Tiring 1ie RREhRg sequence bacause the camera portion is the desired

positional BBRIFETREHIEST HE RIGHEI Sahie-BydBIRAIng'ataie Tt bandig RFOERILA during the
teaching ofperatitn. sFsrmblorariedclyttin koglisadoriacamalpd baidiisdioR (& Lomrseefor this offset in
connectionavitbntheamotignifyom ihenfioakeyepoint scas (edhetirsisbefdiagtiosation during the teaching
?perﬁzign- :{Qgéf%wt&r@%gh M%&Q%dML@FL@HQ;@a@éw!Q&er@@yeiﬁouIa,ﬁﬁ%%,eam Brnding location being
aught during a teach process, and each banded wirg prtian being. t g an inspection
process, ti%%?ﬁ%gge%to fn\slseﬁtfggqgcﬁ%f%ﬁ%t’gg atﬁgﬁigtgk &%%o%%ﬁ’%%&@ %%g\ghg%%?é%s, it is clear that
only a portiShbFINEBAITY Fc?@étigﬁsbﬁ?gﬁ‘%dzg&tﬂﬁlr)"/rl%\aﬁ'?ﬁfrﬁ%ﬁﬁ?é%? ﬁurﬁ%’ge AR ikgpection
operation, ipgPensinaiies! dn BEH O Hinvira Rers BRI BEPlorls (i HssbitiBff AFtH@BYNded wires) may
be actuallykinspe ctechditd fédievpresent inventondpasithe iinpienvdreddnd a moerddémof alternative
mediums. FangxamRltetbetRGBRIddas caotbaingtaliespaanaxisingcoappiarsystem/server as

software (3 compIer SYSIG H3RE. 1A CENNGCIIRR UK, Qriptegraied wilfkranyii-eading machine).

Further, the techniques may operate from a computer readable carrier (e.g., sqlid state memory,
optical diséj,‘fFﬁF_fé'ﬁg’ﬁf'Hf’seg %Wﬁ@qﬁnelﬁé?@grﬁeerr?ﬁ'gai f"ﬁ,'ngut(gl'fzoagf{ﬁegefu(’e‘c"r';%ci{/S alfr?evyifﬁedium, etc.) that
includes cORSiNe CRESEHANOHEESTRR RoB ALY brEY TS A% BRI TRy &M QY thE Tfventive
techniqued dio0gAjitdtnat glidin ipreeerion svilhedtratiiel amecelss dribrbhelédmpatpiveference to specific

embodimepissdhedrventiamis. nef ndendeehtecbedimite chipdhr ol atal snsivownz RRathier, various
modifications grayheMadein dae-detailsmthio the.searbs ae RNGeaheAubRaleRs,Pf the claims and

without departiQ% from_ the mventiop. . :
providimg for a more accurate wire bonding process.
[0051] Although the inspection techniques described above primarily relate to
inspection of the first bond portion of wire loops, the present invention is not limited
thereto. The inventive technigues may be applied to various portions of wire loops

(e.g., second bond portions),

[0052] Fig. 18 is a flow diagram illustrating various exemplary embodiments of
the present invention. As is understood by those skilled in the art, certain steps
theluded tn the flow diagram may be omitted; certain additional steps may be added;
and the order of the steps may be altered from the order illustrated.

[0053] More specificatly, the flow diagram in Fig. 18 includes (1) steps of
teaching bonding locations of & sermiconductor device, and (2) steps of forming and
inspecting wire loops, At step 1800, the wire bonding machine is provided with
position data for {1} bonding locations of a first component of the semiconductor
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 semiconductar die 102 and leadframe 100}, position data
may be provided for the die pads of semiconductor die 102 and for the leads of



- 25 - What'is Claimed: 1.A method of teaching bonding locations of a semiconductor device on a wire
bonding machine, the method comprising the steps of: (1) providing the wire bonding
machine with ﬁvosftloﬁ &atA for (1) bonding locations of a first componentPSFﬂ?%z%ﬁgﬁﬁ%‘&ﬁductor device,
and (2) bonding locations of a second component of the semiconductor device; and (2)
teaching the bonding locations of the first comgonent of the semiconductor device and the second
component of the semiconductor device usmg pattern recognition system of the wire bonding _
machine teesfriainemore assuaieRasiiopcadadobablensia postien otdhe: bendiagdeocations of the first

compone%apgeﬂa.eosfﬁgew sﬁmpggﬁan(te ﬂﬂ%@@%t@%ﬁfﬁ&;%ﬁ%@@%%@? byeteaching the bonding

Iocatlons ' the OESCe) ea Oll(i t Onsét on cotr% enéN rg eOSQ nene nt § er %Ondlng maChIne
2. The meth6d of claim whereln eteac ing step includes t8ae ing the onalng ocations that extend

along at Ieﬁ’ﬁ%d’fa%‘hﬁ’é"tee{%?é’g B FPFENG 8t tRETing Y?o'i'h%&’ﬁ%ﬂ?'ﬁﬁﬂoﬂﬁ‘é‘gé:&)rﬁﬂ component.
3.The metkaarEMAPPIARd Alinl thedfit8bsbrapyabat RyepsinidoRruztdr idieandahbsecond
componerizigat substratetominbich dhetgenticmiductor die is mounted, the teaching step mcludlng
teaching the bonding locations on each of the semiconductor die and the substrate in the order in
which they @0&4bnfiguit dttp beddwiredberdie dordkiens retho fiding mactkineaf4hehe method of claim 1
further coraprigti@iberstepefseamBiagond component of the sermiconductor device are

taught using a PRS of the wire honding machine to obtain more accurate position data

for at least a portion of the bonding locations of the first component and the second

component. The teaching step is conducted by teaching the bonding locations in the

order in which they are configured to be wire bonded on the wire bonding machine. For

example, Fig. 6 iliustrates an order of teaching the banding locations beginning at die

pad 102a (labelied *1”) and ending at lead 100! (labelied "24"). At step 1806, the

teaching step of step 1804 (and the eyepoint scanning step of 1802) is repeated a

predetermined number of times. For example, referring to Figs. 7-8, two examples of

repeating the teaching process shown in Fig. 6 are iilustrated, At step 1808, more

accurate position data s arithmetically derived for the bonding locations using the

position data obtained from the repeated teaching of the bonding locations. For

example, Fig. 14 illustrates a method for averaging the position data obtained from 3

scans of & given bonding location.

{oos5] At step 1810, wire loops are formed between the bonding locations on
the first and second component using the more accurate position data. For example,
Fig. 15 illustrates wire loops 104 providing electrical interconnection between
respective ones of the die pads of semiconductor die 102 and leads of leadframe 100.
At step 1812, at least a portion of the wire loops are inspected using the PRS of the
wire bonding machine. For example, Figs. 15-16 illustrate exemplary techniques for
scanning portions (e.qg., first ball bond portions) of wire loops 104,

[0G656] Fig. 19 is a block diagram of portion 1900 of the intelligence of a wire
bonding machine which may be used in connaction with certain exemplary techniques
of the present invention. Partion 1900 of the wire bonding machine includes control
system 1902 and pattern recognition system 1904, Pattern recognition system 1904 is
configured for teaching (a) 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).



eyepoints of each of the first component and the second component after step (1) but before step (2).

5.The method %claim 1 wherein the teaching step includes repeating the teaching of the bonding
. : i
locations a préwe erminad number of times. 6.The method of claim 5 furtiier Come rlsssfgr{]’g 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 claim25 wherein at least a portion of the repeating of the
teaching of the bonding locations is conducted %uécessively in a single pass - 26 - conducted in the
order in whicinthe fendingpiocationesaretnasfigunact tohe wedpngesomotesnsangording machine,
whereby thecnaitesn JesagnitignsystemQbiaing Butinledrages aleashef the.grrding locations prior
o moving tg le-pexbponding incalign n et g hich e bonding,lqealions are wire bonded.

8. The methad of claim 5 wherein at leaSt a portion of the repeating of the teaching of the bonding

t

locations is COMIIER SV SEE ri\}%Ivl?ff'?ﬁ[]ﬁitﬁﬁ’@db'é%?é@ﬁ?&ﬁ&(f’cf@ﬂ‘c%“fﬁg ©r8MiFwhich the bonding
locations argPeetftighir&tisteeper dvirebemiueiareehe fiere Doredinig imachatieneResesby the pattern
recognition syrstean ohtashsysicleasioénadnpaigerofeaghitbfrtihestzonding lotatisasplaring each of the
multiple passasol system 1902 sends instructicns to pattern recognition system 1904 regarding

operation of pattern recognition system 1904. Additionally, pattern recognition system

1904 sends image data to controf system 1902, If multiple images are taken of the

bonding locations in a teaching process {or If multiple images are taken of

predetermined portions of wire loops in an inspection process), the image data may be

used by artithmetic unit 1902a to arithmetically derive more accurate position data (or

inspection data in an inspection process). Of course, these components are exemplary

in nature and may be provided in a number of forms, as is known to those skilled in the

art of wire bonding machines. For example, portions of pattern recognition system

1904 may be considered to be part of control system 1802,

[0057] Although the present invention has been described primarily with respect
to teaching operations conducted on one or more sample devices, where the teaching
operations are followed by & wire bonding operation being performed on a batch of
semiconductor devices (where the wire bonding operations uses the more accurate
position data derived from the teaching of the sample device(s)), it is not limited
thereto. According to the present invention, it may be desirable to perform certain of
the inventive teaching techniques at different intervals during a wire bonding process to
account for system changes (e.g., temperature shifts, mechaniéai shifts, etc,). Thus, it
may be desirable to perform a re-teaching operation (using any of the inventive
techniques disclosed or claimed herein) at a predetermined interval. For example, such
a predetermined interval may be a time based interval (e.g., every 15 minutes during
wire bonding, every & hours during wire bonding, etc.), a wire loop count based interval
(e.q., every one thousand wire Joops formed during wire bonding, etc), a device based
interval (every 100 devices that have been wire bonded, etc.), amongst others, By
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.

[6058] 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



9. The method of claim 5 further comprising the step of arithmetically deriving more accurate position

data for the bqnding | lons by utilizing position data obtained from the repeated teaching of the
bonding Iocat%arﬁqsgj%9/%:8%}]2 10. The method of claim 9 wherein the steﬁ) é?%%% %’%ﬁé%y deriving

more accurate position data includes averaging the position data for each of the bonding locations
from each of the teaching steps of the repeatch eaching. 11. The method of claim 1 further
comprising the step of forming wire loops between bonding locations on the first component and
bonding locatibrtireenthefsbe oneatringenamt tsingy theinmetd deettaiepositione@atay be 12. The
method of claireik tuthgreampyising ithestopral tospRatting atleastaRortiendking wire loops, the

step of inspeeting dRellinghtsipeh G RaHer LreagNILoN S¥siemt e yire, hepding machine to scan

portions of the wire loops.. 13. The method of claim 12 wherein the step of inspecting _
includes us%ﬂ@%hn%c;éoa?tglﬁﬁ'? T TR ﬁfeg%@)ﬁ“e" @‘Sn" iﬁ%wr%gc TR REEER 4 st bond portion

of the porti6iCoY IR WL TP Sthe &S B e JBR TR By oAt e a8y SRR fRe first bond
portion of tk&Rirecfdbpsrstiere sl pherigaeh i eroptsh ourvifesectimgangbitiertportion of the wire
loops. configdréd Thehaeﬁmﬂooﬂmlabmda%mvhmemathersmaﬁinsmﬁﬁ!gamhfdes using th_e pattern
recognition gystes) Af dheawitgdneanding Maiae tascanPartiens:of eyt lopRstRhLespective
bonding locafingAfhaitg IRAPSJRLDE-BEASL iowichihey.yyere wire bonded on, the wire bonding
machine. _ 15. The method of claim 14 erlereln the ste;g 0 Jnsp}ectlng ncludes scanning a first
ball bond pSHaNHI% 'é’gsff & portio foDﬁ?eWPet?ogﬁg %ﬂ?d')cg\%ﬁ%iﬁﬂa’g EWY &4fned position of the
scanned b&RMSHE FrBHI M EeEas RedipssHi she ot APRIDFBofd Btishiomane respective
bonding logatighin a relatively long time for the wire bonding/looping cperation. This level of :

complexity (and loss of time) may not be desirable during teaching operations.

Nonetheless, such an approach may be taken in other motions (e.g., the motion after

completing a wire ioop to the first bond location of the next wire loop, the motion from

an eyepoint to a first bond location, etc.) if desired.

[6059] Certain exemplary ernbodirnents of the present invention have been
described in connection with a teaching operation whereby the eyepoints are
taught/scanned, and then the bonding locations are taught/scanned in the order in
which they are configured to be wire bonded; however, as will be appreciated by those
skilied in the art, during the teaching operation, after the eyepoints are scanned, the
motion from the eyepoint to the first bonding location will tend to be different from the
corresponding motion during the wire bonding operation. This is because of the
previously described “offset” between the camera portion and the bonding tool, During
a wire bonding operation, the motion from the final eyepoint scan {where the camera
portion is above the eyepoint) to the first bonding location {where the bonding tool is
above the first bonding focation} is a motion where the desired positional control point
of the motion changes from the camera portion to the bonding tool. However, this is
not the case during the teaching sequence because the camera portion is the desired
positionai control point of the motion at the eyepoint and at the first bonding location
during the teaching operation. Therefore, in certain applications it may be desirable to
correct for this offset in connection with the motion from the final eyepoint scan to the
first bonding location during the teaching operation,

[co60] 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.



16.The method of claim 14 wherein the step of inspecting is repeated a predetermined number of
times, wherei ing of the inspecting step is (a) conducted suc ' i jngle pass
conducted in weg?)?{(?e%g?%s\?vhich the bonding locations were wire bonde %ﬁi%%%@es%@nding machine,
whereby the pattern recognition system obtains multiple images of each of the bonding locations prior
to moving to the next bonding location in the otder in which the bonding locations were wire bonded, or
(b) conducted successively in multiple passes conducted in the order in which the bonding locations
were wire Boridedheredrd wivecho fidmgearabhirenheveiy thie paitedinge tognitiemaysiem obtains at
least one imagaiptmgeh aitbedonding pcatipasishipgRrehiofthesnuwiindepassegesd 7.A computer
readable carties BBRHAIRG-GARRMIGN FFRGRAPINSHHCHANG LA CBHSR A TBYIES Lo implement a
method of teaching bonding locations of a semiconductor device on a wire bonding machine, the
method cofapegg thesHepRit invention AayEOYIBRG e FE0QRARE NAChing yyith position data for
() bonding.loggons. o irslcornencatal e sEHSIRANSIor JeViee, and (s ponding locations of a
second component of the semicon uctorqglewce; and” ?23){{(59:'&%?3@” ue@Bonding locations of
the first coTHPORKTT OF tAR SEMIRCH N ST T S L R SR BRI SN R bt eFEe¥emiconductor
device usiMtfia pattesr Rty AEBHSYstat st tieeVitebbarmsing yraeehite ftorobtedmpntre accurate
position datedeblatckesst & gortiun ofatkerizondinglocatinns obinetitrstscomponeqt.anst the second
componenéaiher Inaehing=siep heilehepashistanday g aghing:theboadingdgeations in the order in which
they are camiaeiode wie Bndscen e Mtahes AR aChiog RIS Randing machine

comprising: a pattern recognition system for teaching (a) bonding locations of a first

component gy emicongGR e WicE Al Loading P cRlQNE Of & SE5and cRmpgnent of the
semicondygtor device. and -a control system configured to control operation of the pattern
. ecific émbodiments, the jfvention is Mok intended 1% be limited otfbe detail
recognltlon sg/stem such t a_.'[t e pattern recognltlon sysiem eacnﬁes t'he on&?né - 28 -
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.



locations of the first component and the second component in the order in which the bonding locations

are configure(u8 Po%‘éﬂfs%o?onded' 19.A method of teaching bonding |°C‘3}l}9ﬂ§s%g%, EnLconductor
device on a wire bonding machine, the method comprising the steps of: ﬁ?} ?eaching a

plurality of bonding locations of a first component of the semiconductor device and a second
component of the semiconductor device using a pattern recognition system of the wire bonding
machine, the teaching step being conducted b%éaching the bonding locations in the order in which
they are comfigiisecidienbé: wire bonded on the wire bonding machine, the teaching step including
repeating the teaching of the bonding locations a predetermined number of times to obtain position
data for each of the bonding lecadtons dbreaachgoidhdine peatiedssie psohiteachitng; dande (2)

- arithmetically Lgrivipchany s-aasHE e NasiHon daterfandhadapsling locations by utilizing position data
obtained from the repeated teaching of the bonding locations. 20.The method of claim 19 wherein at

Igast a portion of the 'rege;q;,ig\gdmg@get@afgmQ,tgthﬁ@@mm%_lm@ngaﬁ ggqqycted suc_cessively ina
single pass,sendh EfindBF HASTCR NG Bishonding igcatipas, e gapfiguegg;oe wire bonded on

the wire bolnditng ma}cchine, vghereb t e ?ttern r,ecognltlon system obtains multiple’images of each of
the bonding To¢ations prior to Toving to- hgens&r?fﬁ%rhd'ﬁarlgﬁdﬁ%nawthe order in which the bonding
locations are wire bonc;(ef .21.The method of claim 19 y\éperein at least a BP{}]?” of the repeating of the

. . teaching.the bonding lgcations of the first ¢ 0 :
teaching of the bondin Cationsis conduc successively in mu ﬁp'fgnpasses conducted in the order

in which th&¥BERAfE R CRIGEL AP TG IS TH B Wire BB SEREFBIREVIRE BoifiiEF machine,
whereby theettensaedtgniisresystem eitdinsdind dasthoretinsagénaferacitafdtre bonding locations
during eachositidtedait ltiple: passesctdon ke thretbadif olaitrkbthe radt thesiagnobadithmetically
derivjng mee &EEH&%%%E?@&Q@%@MQ@&%@QW J%@%%Q&%tﬁ_n@ﬁo%% of the bonding
locations obtained fram.eash R Ihe.ISAS) I SiRR5.0L S dERSR'ESHIRANNG: wir
bonding machine, '

2. The method of claim 1 wherein the teaching step includes
teaching the bonding locations that extend along at least twao distinct axes on at least
one of the first component and the second component.

3. The method of claim 1 wherein the first component is a
semiconductor die and the second component is a substrate on which the
semiconductor die is mounted, the teaching step including teaching the bonding
locations on each of the semiconductor die and the substrate in the order in which they

are configured to be wire bonded on the wire bonding machine,

4, The method of claim 1 further comprising the step of scanning
eyepoints of each of the first component and the second component after step (1) but
before step {2).

5. The method of claim 1 wherein the teaching step includes
repeating the teaching of the bonding locations a predetermined number of times,

8. The method of claim 5 further comprising the step of scanning
eyepoints of each of the first component and the second component prior te 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



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. B 20097108202 54 The method of claim 19 further comprisiﬁ%TfH%z%({%%s%‘%roviding the
wire bonding machine with position data for the bonding locations of the first component and the
second component of the semiconductor dev[cgegrior to step (1). 25. The method of claim 19
wherein the first component is a semiconductor die and the second component is a substrate on which

the semiconduictedie isemaientedyitiab teashidisteminciudingdemphingshe b@r&cﬁﬂ@j&cation.s on each
of the semigpadugtar shrdand-ihensrbstialeincHae, onder ibudeR oV aHe-canfigmadie be wire bonded
on the_ W"%JRQELS_Q%%Q&CEF% bonding Ioc%ﬁoqmim%gmglﬂigclglmelh%iyggl’\edfit%) Il‘é%%%'n”% the step of
scanning eyepo nts of %g&htgg H}% J_II‘St comé)onent and the second component prior to each of the

S

| t |
repeated teAching stepe. 99 19REHETD 5t 7R further comprising the step of forming

wire loops between bongding logatio n the first component and bonding |locations on the second
componznt usin the_mr}gre acchlfrgtfég%gs?t}j(%%’aqutawgergn atlesy érﬁ%rffﬂrét?%(faeoﬁee?eﬁwgw further
comprising et UN hepREhRLrIdaqte RN BidRe Wi Tsupy, thewise deR8pecting including
using the perterstrddoghitiondssystehichttisdooiting nediivgnaschindaostanbportiesrafethe wire loops.
29. The method:oficlaion 28wikerein, theestop wkipspectirgonotitestsngihempatiersrecognition

system of the:Wwirg;bending snachiRadasrrRmB L LA EROUIARah G ROsEIQR.Of the wire loops, the
step of inspecting being conducted by scanning the first bond portion of the wire lopps successively

proceeding from one ofg:,h_e firﬂ&@%%&gaﬂiggﬁﬂg @%Qﬁgmghggg%pgﬁg portions. N 30. The
method of claim 280 </ein s Hen oL RPSSHNG SIS HPIRGJNS PRUIEIN.Ioognition system of the

1 .
wire bondin r_rtl_acr(\jinte t% scan Portlons of the wire Io_oggs a}) respective bonding focatiors of the wire
loops in th& TdR? 1 ISR T8y WRrLwirR B EH &R B 47E Wi 8BS NGRS X hine.
10,  The method of claim 9 wherein the step of arithmetically deriving
more accurate position data inciudes averaging the position data for each of the

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

11, The method of claim 1 further comprising the step of forming wire
loops between bonding locations on the first component and bonding locations on the
second component using the more accurate position data.

12, The method of claim 11 further comprising the step of inspecting
at least a portion of the wire loops, the step of inspecting including using the pattern
recognition system of the wire bonding machine to scan portions of the wire loops.

13. The method of claim 12 wherein the step of inspecting includes
Lsing the pattern recognition system of the wire bonding machine to scan a first bond
portion of the portion of the wire loops, the step of inspecting being conducted by
scanning the first bond pottion 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



31. The method of claim 30 wherein the step of inspecting includes scanning a first bail bond portion of

at least a porti‘%n 9{{05@%8\5\@2@ loops and comparing a scanned ball bond %oslitionﬂgg/tpﬁu%canned ball
bond portion With 2 4e% position of the first ball bond portion on the re%dgg%lve (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 (@) - 30 - conducted successively in a single
pass conducted in the order in which the bonding locations were wire bonded on the wire bonding
machine, veharedsynitritipatté therecogaition $pstepertbtawis: mdisdiedimagies of wachsof the bonding
locations psi@r senapyiniehterhe:nexhondingdrgatianiy the order in which the bonding locations were
wire bonded, or (b) conducted successively in multiple passes conducted in the order in which the
bonding locations wereysire boadestian Hienvire bondiag machinarwisselngthepatiam recognition
system obtainsatdrarank ipacs ahrachridheRording lacainps.dwing.cagh of the multiple passes.
33.A computer r agjable carrler.lncludlpeg computer program mdstructl%n vﬁhl h cause a computer to
L conduﬁ]e u esswElhm a sin Fss n uct%d[ the order in fcz‘t e%onﬁl. . .
implement a method of teachi ng{D ocations of a semiconductor deviceon &wire bonding

bon
machine, tﬂ?é%@?ﬁ&"ﬂr&dmﬁrl?gﬁ%?ﬁ’é‘ Sheydrgonding machiye, WirirtY theRRFE Honding machine with
position datFPepiPiFyFEN Pheasiondtiola firges ofmsohehtiof thedsencamhgctaerdevice, and (2)
bonding locatimstottize sezohondompaatet bf tikecsdenicandtictbs devioe] @agdions were (2) teaching the
bonding locationmaidhe fiEstenpepantatifeipemicandbciacdevng.and thensereqd,component of
the semicanae Al d8iffy BiA0ALALR T ESRUNRR Brelam BLiRe e RARAA mgchine to obtain

more accu ﬁlte ggsition data for at least a Portlon of the ions oF’tﬁVe frestycomponent and
OECeOPn ern rac

the second"Coh ponent,oﬁnéti%%%ﬁ?‘?@sc’[_tﬁ e Ra%sy Pt R BBERGing locations in the
order in wHRSRUPEA4FDE STy B ke 1B BEAGiIRZS8ded on the wire bonding machine. 34.A wire bonding
machine comprising: a pattern recognition system for teaching (a) bonding locations of a first

component of a semicofductSrABEE" HAPT SBHEIG FYERFoTE B i se8fINcomponent of the
semicondd@ﬁwg@ﬁéwmcause a computer to implement a method of teaching bonding
locations of a semiconductor device on a wire bonding machine, the method comprising

the steps of:

(1) providing the wire bonding machine with position data for (1)
bonding locations of a first component of the semiconductor device, and (2) bonding
locations of a second component of the semiconductor device; and

(2) teaching the bonding locations of the first component of the
semiconductor device and the second component of the semiconductor device using a
patiern recognition system of the wire bonding machine to obtain more accurate
position data for at least a portion of the bonding locations of the first component and
the second component, the teaching step being conducted by teaching the bonding
locations in the order in which they are configured to be wire bonded on the wire
bonding machine,

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



a control system configured to control operation of the pattern recognition system such that (1) the

pattern recognit}ggm}ssyisétg%g teaches the bonding locations of the first conllpo/nenteand j[h_lge second
component in e 8raEPAvhich the bonding locations are configured to 5 Wir %ﬁd%d, 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 confl‘g%ﬁ‘éd to arithmetically derives more - 31 - accurate

position datadas-fier bangiag-ieaaiians b wlizingheppsiion Hate Ariaingdfiemdibe repeated
teaching OEBlﬂﬁiP&B@é@ﬁAQ%@J@&]%@%%@%Q“Q&%%%H&%B.edi”g wire loops of a semiconductor device on

a wire bonding machine, the method comprising the steps of: (1) providing a semiconductor

device including a plurglity of \ireJogRs « LR SEERSINTEIARRAS BreudingRiRciHcalinierconnection

between a first bongling.locahqp of Epe semlgonduc.tor d%wce and_a second bonding location of the
. on a v&re on| lnﬁd'nac ine, ethod com rismgdt fzsteps of: . . .
semiconductor device; a ?5‘ Inspecting prédetermined portions of the wire loops using a

pattern recognition system, of e wite bandipg,madhine, the. insbecting step et conducted by
moving a portion of the patiern recognition System o Scan the predetermined portions of the wire

loops at th&*FRSPRUFRY BBVt ATt SRonE RTRersidel SR tREY-Re s iffe'BBRAed on the wire
bonding megiefe rBedThHiehweied of bRaiatritieg e ahies éhsitortinatereddiog includes a
semicondueiafudieddndieasubstiat @@nindictativassentic entiictoridie s auntedfighe-tnspecting step
including inspectirguarRdetarmmoadestigng RhtRewirelaisiindudingadirgt Rpagdipgrtion of the wire
oons, and phRiEN bRl RARReULANAIINF.HLE 10009 IR RIPEFLARLNG seiconductor die or on the

substrate. 37.The méetho ? herein the semiconductor device
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 bending
locations.

20.  The method of claim 19 wherein at least a portion of the repeating
of the teaching of the bonding locations is conducted successively in a single pass
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 multiple
images of each of the bonding locations prior to moving to the next bonding location in
the order in which the bending locations are wire bonded.

21.  The method of claim 19 wherein at least a portion of the repeating
of the teaching of the bonding locations is conducted sﬁtcessively in muitiple passes
conducted in the order in which the bonding focations 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 iocations obtained from each of the teaching steps of the repeated teaching.

23,  The method of claim 19 wherein the téachtng step includes
teaching the bonding locations that extend aiong at least two distinct axes on at least
one of the first component and the second component.



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 componeﬁ?%ﬁ(ggt/ﬁ%s@écond component after step (1) but before steﬁ f%@%%‘.“ﬁﬁsewﬁethod of claim
35 wherein the inspecting step includes repeating the inspecting of the predetermined portions of the
wire loops a predetermined number of times,y*he_reby 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 includiag.the Thrsrizohgting dacaticnfatickacseconrthgenaponest srelidtiag the second

bonding logatiatetheamethed fueharcannsisingdhs steRSlHcaminG Vsnaintsof each of the first

component and thesecand component Rrigr to,gach of ¢ &E@&%%Rﬁgeigr%&et%ﬂ%gejé )s. WO
2009/108202PCT/US2008/055407 - 32 - 40. The method of ‘claim rein at least a

portion of the repeating,f theriaspediing,Pfishe PEsdRiImIRed BoLians Qf fhe wire loops is conducted
hich the wi

successivelé_( ina iir‘lzg)ledpass c%nducteg in the order in e wire loops were wire bonded on the
semicondet r Qi

wire bonding machine, w earnedbgl ?hsé%ﬁg é?ﬁ“Pé’ES’étnﬁ i%ﬁusy%rt%t%{}c'}'b‘ﬂ;’fﬁg % ltiple images of each of the

predetermfifEd BBPHEIE UF (REPETGIPE BRENES AteR/IRGUD A sAERnBARRIRGIBEation in the order in
which the Irsatliig Rickioes e rerwie Biatieicdle and the sulstraFhén iethoionclainh 8&wherein at least a
portion of thre repemtiag tofih@ilespedingotibeipredetargninesdipartions of the wire loops is conducted
successively in multiple passes conducted in the order in which the bonding locations were wire
bonded on the wire bording maciisteoiTetehy theupatetoveaegpitionssystesromiains at least one

image of eagpahtberpeAetarainedpainrs e wiadnorsHiying:oaeh |fdhe muyllinle passes.
42. The m?éb@&é&‘&?éﬁh&@é‘;&&thef comprising the step of arithmetically deriving more accurate

inspection data of the predetermined portions of the wire loops by utilizing the inspection data obtained
from the repeated inspggling-ff R RRAG BN RRAEONS O % e I8RF rorming
wire loops between bonding locations on the first component and bonding locations on

the second component using the more accurate position data.

28.  The method of claim 19 further comprising the step of inspecting
at least a portion of the wire loops, the step of inspecting including using the pattern
recognition system of the wire bonding machine to scan portions of the wire loops.

29. The method of claim 28 wherein the step of inspecting includes
using the pattern recognition system of the wire bonding machine to scan a first bond
portion of the portion of the wire loops, the step of inspecting being conducted by
scanning the first bond portion of the wire loops successively proceeding from one of
the first bond portions to another of the first bond portions.

30. The method of claim 28 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 jocations 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)



43. The method of claim 42 wherein the step of arithmetically deriving more accurate inspection data
includes averaging the inspection data for each of the bonding locations_from each of the repeated
inspecting ste?:)gs()c% ({%/g%%[(;ated inspecting.  44. The method of IAim 35 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. 45. The method of claim 35 further
comprisingrthdustep ©fc(8)sivsiyautingate dete nmided gortidrsafavirevtbiopsterbamoiiger semiconductor
device. locationdGefh@iraethadaodclamvid mehenannsteme3nshigasdsigthe pattern recognition

system of thewiredhaneing machinabescana st bond,partianaf ihewilie 10gRs. on the another
semiconductormdet\g%ﬁé ste L_@ Gpelqgcgggnd%cttﬁd b scanﬂlggt}jhe firSt bolrg?agortlon of the wire loops
It 0

successively and in order withoutinapecting ahy other poHion 6f e Wi B8R Y53 - 47.A computer

readable cgﬁ?eIHH%TﬂdﬁﬁdbécfﬁM?dp%Wmiy in multiple passes conducted in the order in

which the bonding locations were 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.

" 33. A computer readable carrier including computer program
instructions which cause a computer to implement a method of teaching bonding
locations of a semiconductor device on & wire bonding machine, the method comprising
the steps of:

(1} providing the wire bonding machine with position data for (1)
bonding locations of a first component of the semiconductor device, and (2) bonding
locations of a second component of the semiconductor device; and

(2) teaching the bonding locations of the first component of the
semiconductor device and the second component of the semiconductor device using a
pattern recognition system of the wire bonding machine to obtain more accurate
position data for at least a portion of the bonding locations of the first component and
the second component, the teaching step being conducted by teaching the bonding
locations in the order in which they are configured o be wire bonded on-the wire
bonding machine.

34, 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 (1) the pattern recognition system teaches the bonding
locations of the first component and the second component in the order in which the
bonding iocations 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 pesition 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



instructions which cause a computer to implement a method of inspecting wire loops of a
semiconductor device on a wire bonding machine, the method comprising the st%ps of; (2)
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providing a semiconductor device including a plurality of wire loops, each of the wire Toops providing
electrical interconnection between a first bonding location of the semiconductor device and a second
bonding location of the semiconductor device; and (2) inspecting predetermined portions of
the wire loops using a pattern recognition systéin™of the wire bonding machine, the inspecting step

being condietestby mauing@ ROHRMHAING RRHGIRTRLoaNIHRNIRY RGP BeaRHRMmBEedetermined
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bonded on wire bonding machine. 48.A wire bonding machine comprising: a pattern
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machine, each of the wire Ioopshgrow Ing electrical Lntercon ection between a first bonding location of
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the semiconductor dévice and a second bonding focation‘of the semiconductor device; and a

control system configur tgoci%mroal So&ﬁcaratiggc%‘rth& i@g’gtnem dggcog}rllitrigﬂ sgfste;pél E'%% osbtain inspection
data related to predete ifed portions of?ﬂe wire 100ps, t%e dont olusys em \%elvng go’nfigured to move
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respective beatigingfldsatfonscird et ofderdriorhictethed hpadagviveabomdethon the wire bonding

machine. semiconductor device: and :

(2) inspecting predetermined portions of the wire loops using a pattern
recognition system of the wire bonding machine, the inspecting ‘step being conducted
by moving a peortion of the pattern recognition system to scan the predetermined
portions of the wire loops at the respective bonding locations in the order in which they
were wire bonded on the wire bonding machine.

36.  The methed of claim 35 wherein the semiconductor device
inclitdes a semiconductor die and a substrate on which the semiconductor die is
mounted, the inspecting step including inspecting predetermined portions of the wire
foops including a first bond portion of the wire foops, and wherein the first bond portion
of the wire loops is formed on the semiconductor die or on the subsirate.

37. The method of claim 35 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 after siep
(1) but before step (2).

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 priorto
each of the repeated inspecting steps.
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40, The method of claim 38 wherein at least a portion of the repeating
of the inspecting of the predetermined portions of the wire loops is conducted
successively in a singie pass conducted in the order in which the wire loops were wire
bonded on the wire bonding machine, whereby the pattern recognition system obtains
rautiple images of each of the pfedetermined portions of the wire loops pricr to moving '
to the next bonding location in the order in which the bonding locations were wire
bonded.

41, The method of claim 38 wherein at [é.ast a portion of the repeating
of the inspecting of the predetermined portions of the wire loops is conducted
successively in multiple passes conducted in the order in which the bonding locations
were wire bonded on the wire bonding machine, whereby the pattern recognition
system obtains at least one image of each of the predetermined portions of the wire
foops during each of the muitiple passes.

42.  The method of claim 38 further comprising the step of
arithmetically deriving mare accurate inspection data of the predetermined portions of
the wire loops by utilizing the inspection data obtained from the repeated inspecting of
the predetermined portions of the wire loops.

43.  The method of claim 42 wherein the step of arithmetically deriving
more accurate inspection data includes averaging the inspection data for each of the
bonding locations from each of the repeated inspecting steps of the repeated
inspecting.

44, The method of claim 35 wherein the step of inspecting includes
scanning a first ball bond portien of at least a portion of the wire foops 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.

45.  The method of claim 35 further comprising the step of (3)
inspecting predetermined portions of wire loops on another semiconductor device.

46.  The method of claim 45 wherein step (3) includes using the
pattern recognition system of the wire bonding machine to scan a first bond portion of
the wire loops on the another semiconductor device, step (3) being conducted by
scanning the first bond portion of the wire loops successively and in order without
inspecting any other portion of the wire loops.
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47. A computer readable carrier including computer program
instructions which cause a computer to implement a method of inspecting wire loops of
a semiconductor device on a wire bonding machine, the method comprising the steps
of!

(1) providing a semiconductor device including a plurality of wire loops,
each of the wire loops providing electrical interconnection between a first bonding
location of the semiconductor device and a second bonding location of the
semiconductor device; and

(2) inspecting predetermined portions of the wire loops using a pattern
recognition system of the wire bonding machine, the inspecting step being conducted
by moving a portion of the pattern recognition system to scan the predetermined
portions of the wire loops at the respective bonding locations in the order in which they
were wire bonded on the wire honding machine.

48, A wire bonding machine comprising:

a pattern recognition system for inspecting portions of wire loops
previousiy bonded using the wire bonding machine, each of the wire ioops providing
electrical interconnection between a first bonding location of the semiconductor device
and a second bonding location of the semiconductor device; and

& 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,



