SYSTEMS AND METHODS FOR OPTIMIZING LOOPING PARAMETERS AND LOOPING
TRAJECTORIES IN THE FORMATION OF WIRE LOOPS CROSS-REFERENCE TO RELATED
APPLICATION [0001]This application claims the benefit of U.S. Provisional Application No.
61/179,421, WMEEMHIATB 2009, the contents of which are incorporated hateTilyyorefei@age. FIELD OF
THE INVENTION [0002]The present invention relates to the formation of wire loops, and more
particularly, to improved systems and methods of optimizing the looping parameters and/or the looping
trajectory used during the formation of wire loops. BACKGROUND OF THE INVENTION [0003]In the
processing and packaging of semiconductor devices, wire bonding continues to be the primary method
of providing electrical interconnection between two locations within a package (e.g., between a die pad
of a semiconductosviiesms! anpadertvisnsbrOeFIMaraPesHsalE RBIMEVERS RRder (also known

as a wire bonding machispiNe SAR9PSTHR AN TIE e MU AR diva lesalioRado be electrically

interconnected.

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
61/179,421, filed May 19, 2009, the contents of which are incorporated herain by
reference, ‘

FIELD OF THE INVENTION

[oo02] The present invention relates to the formation of wire loops, and more
particularly, to improved systems and methods of optimizing the looping parameters
and/or the looping trajectory used during the formation of wire loops.

BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of semiconductor devices, wire bonding
continues to be the primary method of providing electrical interconnection between two
locations within a package (e.g., between a die pad of 2 semiconductor die and a iead
of & leadframe}. More specifically, using & wire bonder {also known as a wire bonding
maching), wire loops are formed between respective locations to be electrically
interconnected.

[0004] An exemplary conventional wire bonding sequence includes: {1) forming
a free air balf on an end of a wire extending from a bonding toot; {2) forming a first
bond on & die pad of a semiconductor die using the free air ball; {3) extending a length
of wire in a desired shape between the die pad and a lead of a ieadframe; (4) stitch
bonding the wire to the lead of the leadframe; and (5) severing the wire. In forming
the bonds between {a) the ends of the wire {oop and (b) the bond site {e.g., a die pad,
a lead, etc.), varying types of bonding energy may be used including, for example,
ultrasonic energy, thermosonic energy, thermocompressive energy, amongst others.

[0005] in conventional wire bonding systems, certain looping parameters are
input into the wire bonding machine by an operator (e.q., through a user interface
screen or the like), whereby a trajectory of the bonding tool is defined based on these
looping parameters, Exemplary looping parameters include the neck height portion
after first bond, kink positions to form kinks in the wire, the top of loop position,



[0004]An exemplary conventional wire bonding sequence includes: (1) forming a free air ball on an
e_nd of a wire extending from a bonding tool; (2) fo_rgyi_ng a first bond on a die pad of a semiconductor
die using the free air ball; (3) extending a length of Wire in a desired shape between the die pad and a

gﬁgm%lmm&g%@%@ms:teepkn(ﬁaéwsring the wire.

lead of a leadframe:.(4) stitch bondi > Wi
In forming?ﬁqé)g%%r% sé%%t%hi&e(%)gfﬁge‘%ﬁ?ggvﬁ e wire loop and (b) the bond site (e.g., a die pad, a

lead, etc.) SRaYIrR WiseISEPRBRERIPERERSY thsy/ e herd ARdUtR GofSn 8 anpIRoTiHR s onic energy,
thermosonic energy, thermocompressive energy, amongst others. [0005]In conventional wire bonding
systems, cEYGhS JoopingTpanametss S hreanpaitvrnte théngitbdoonding rraeniatersyiake dperator (e.g.,
E)hn“;ﬁggeal g&g@{#ﬂt@rﬁ%ﬁ %ﬁsﬁﬁg&oéﬁ% ”EGlé’i whaiebsa J&ijaﬁt_@lﬁyalqg ﬂéerll bond EQhrFﬁ@ﬁj&iﬁ’@ﬁnedfbased
pi arameters. Exemplary looping par ers include the neck height portion after first
bond, kink' %i’t%&pﬁsr?g’f %EWQSOT&@P\%%O%ﬁﬁ%%%%%%ﬁxﬁc% |%’nr,n?'}u-§anrﬁ%ansg%? %EE ers. The
trajectory iveyebgatkéollofvbe byrenetroelitrjeoviveHEFhthe lenHPPoNRAE REERIBNded between the first

bond and g seeanrehRonthpeBitions QARG RERCasS afiaranualrinpeting:thentonpingeparameters

into the machine invariably invplves a level of gues \1\{(0{5. After a wire 1o isrg%r@g htgg wire loop

|
may be tak&R "0 ARdBRamined For example, manual measuremants e taken of the wire

loop to determine if the wire loop meets certain specifications. The operator can then manually alter

the param&fB8713 chande'tise Fe¥aEhPAARS IS Thi¥ PHSLBRESKFE RYRER A A SREUIITSg and prone
to error. [060@ptinising weutdahe gegicdtdeMioegmmyde improved systems and methods of optimizing the
trajectory of a wire loop.

SUMMARY OF THE INVENTION

[0008] According to a first aspect of the present invention, there is provided a
method of forming a wire loop in connection with a semiconductor package, the
method comprising the steps of: (1) providing package data related to the
semiconductor package to a wire bohding machine; (2) providing at least one looping
control value related to a desired wire toop to the wire bonding machine, the at least
one looping control value including at least a loop height value related to the desired
wire loop; (3) deriving looping parameters, using an algorithm, for forming the
desired wire loop; (4) forming a first wire loop on the wire bonding machine using the
looping parametérs derived in step (3); (5) measuring actual looping control values of
the first wire loop formed in step (4) corresponding to the at least one looping control
value; and (6) comparing the actual fooping control values measured in step {5} to

the at least one looping control value provided in step (2).

[0009] According to a second aspect of the present invention, there is provided
a method of determining looping parameters for forming a wire loop in connection
with a semiconductor package, the method comprising the steps of: (1) providing
package data related to the semiconductor package to a wii'e bonding machine; and
{2) determining initial looping parameters for forming a wire loop from foop model

| data stored in memory, the initial looping parameters being derived at least partially

based upon the package data provided in step (1).

[0010] The methods of the present invention may also be embodied as an

apparatus {e.g., a wire bonding system, as part of the intelligence of a wire bonding



SUMMARY OF THE INVENTION [0008]According to a first aspect of the present invention, there is
provided a method of forming a wire loop in connection with a semiconductor package, the method
comprising the steps of: (1) providing package data related to the semiconductor package to a wire
bonding macthéi@I3Riding at least one looping control value related ®CA/HEXI&E3HFE loop to the
wire bonding machine, the at least one looping control value including at least a loop height value
related to the desired wire loop; (3) deriving looping parameters, using an algorithm, for forming the
desired wire loop; (4) forming a first wire loop on the wire bonding machine using the looping
parameters derived in step (3); (5) measuring actuat looping control values of the first wire loop formed
in step (4) corresponding to the at least one looping control value; and (6) comparing the actual

looping controkyakiesn@asyedip SiepR) wdhierideastane acpivg mastiekyakiccaigaided in step
(2). [0009]Accqeding, 1QAmreoRd ABREG:PLINE-RIGSGALINENIAN Lhe SR idsd Adpethod of

determining looping parameters for forming a wire loop in connection with a semicon uctor package,

the method comprising the steps okgirpieyiding:padagadskaveiaied to the semiconductor package
to a wire bonding machine; and (2) determining initial looping parameters for forming a wire loop from

loop model dafggtared in memasdbe il PRRibaRAramMeters Rring datvesdatiepsipartially based
upon the packgge data, prayided i, SieR {- acc§mp%§4§ 95”&%%'&'”? 1A A EQIIRYIEL Program

instructions on a ¢ uter readable carrier (e. readable carrier used in connection with
a wire bondmg ﬁ%grcﬂﬁ t? BRIEE BeseRi Bel'Yézﬁ?LBIEe ESSQRWﬁ‘@%g[ﬂﬁfﬁltﬂésﬁ?]\e?erﬂlon is best
understood froffetHE B FtRAABASRE SBR NABPHA REH TSRS R EHEC S PARGEE e 8 npanying
drawing. It is efeptiardive ththatgdhiocthedingio cars thefofraiticgdhm various features of the drawing are
not to scale. On the contrary, the dimensions of the various features are arbitrarily expanded or
reduced for clarity. Include8ifh thie aRavingaarethddslbwingefigopaiseru! for explaining certain

exemplary embodiments of the present invention;

FIG. 2 Is flow diagram iliustrating a method of forming a wire loop, and a
method of deriving 2 looping trajectory of the wire ioop, in accordance with an
exempiary embodiment of the present invention;

FIG. 3 is a wire looping trajectory useful in explaining certain exemplary
embodiments of the present invention;

FIG. 4A is an Mlustration of a first iteration of a wire loop formed in
accordance with an exemplary embodiment of the present invention;

FIG. 4B is an illustration of another iteration of the wire loop shown in
FIG. 4A with certain jooping parameters varied in accordance with an exemplary
embodiment of the present invention;

FIGS. 5A-5B are block diagrams of a wire loop useful for explaining a
graphical interface provided in accordance with an exemplary embodiment of the
present invention; and

Fi&. 6 is a flow diagram Hustrating a method of deriving initial looping
parameters for a wire loop using loop model data, and a closed ioop process to optimize
the looping parameters for a desired wire loop.

DETAILED DESCRIPTION OF THE INVENTION

[00121 According to certain exemplary embodiments of the prasent invention,
methods of forming wire loops, where the wire bonding system or machine optimizes
the looping parameters (and thus, the looping trajectory) used to form the wire loops,



FIG. 1 is a block diagram view of a wire loop useful for explaining certain exemplary embodiments of
the present invention; FIG. 2 is flow diagram illustrating a method of forming a wire loop, and
a method of deriving a looping trajectory of the wire loop, in accordance with an exemplary
embodiment XA HIéBaht invention; FIG. 3 is a wire looping trafctdvy s¥835ih7explaining
certain exemplary embodiments of the present invention; FIG. 4Ais an illustration of a first
iteration of a wire loop formed in accordance with an exemplary embodiment of the present invention;
FIG. 4B is an illustration of another iteration of the wire loop shown in FIG. 4A with certain looping
parameters varied in accordance with an exemplaty embodiment of the present invention;

FIGS. 5A-5B are block diagrams of a wire loop useful for explaining a graphical interface provided in

accordance Wigetux@aplanyenosinamt 9iie e setH aveniiRirdNdachine incilfd&, 6 is a flow
diagram ilustragig apehadaf derliing nlighloaning 9@@@%@(@“9&%%&%&8&? YsingJoop model
data, and a cIo Wﬁ%s I%%) ize thﬁ:L%OPo Ppar%mrgég{{% ggfartggglr%qvwlrF loop. DETAILED
DESCRIPTIOﬁ I N Wg ccor’dlné9 o SR exen ? ehts of the
present inventidi, FaFOIE B FdrRAG GRS I6BES “M%F%eﬁﬁéw%@m?@%s@% B?F’r‘ﬁachlne
optimizes the |&6oiAgyparapichia f(msd tigsotreiodpingreajeadfpitirrartiodonafeliire loops,

order to determine if the actual looping control values of the wire loop are within
acceptable tolerances/ranges. If the actuai looping control values are not within an
acceptable tolerance/range, the system varies the looping parameters (e.g.,
automatically using a closed loop system) and then forms another wire loop using the
varied looping patameters. Such an iterative process may then be continued until the
actual looping control values of the formed wire loop are within acceptable
tolerances/ranges. Thus, desirable looping parameters (and a desirable iooping
trajectory) are provided.

[0013] As used hergin, the term algorithm is intended to be broadly construed to
refer to any type of algorithm, program, process {(or combination of multiple
algorithms, programs and processes} whereby a wire bonding system (or machine)
receives certain information and derives looping parameters therefrom. The algorithm
may also be used to vary the looping parameters if the measured jooping control vajues
are not within an accepiable tolerance/range. For example, the algorithm may include
an expert system(s), a fuzzy logic control system{s), or any of a number of
methodologies of receiving the provided information (e.g., package data, looping
conirol values, measured looping control values, etc.) and deriving the desired output
(e.q., looping parameters, varied looping parameters, etc.}. In performing these
functions, it is understood that the algorithm may work with other portions of a wire
bonding machine including machine intelligence, vision, data storage, etc.

{0014} FIG. 1 illustrates exemplary wire ioop 104 providing efectrical
interconnection between a first bonding location on semiconductor die 100 and a
second bonding location of substrate 102. More specifically, wire loop 104 includes:
first bond 104a bonded to a first bonding location {e.qg., a die pad of semiconductor die
100}; and second bond 104d bonded to a second bonding location (e.q., a lead of
ieadframe/substrate 102), Wire loop 104 also includes a continuous iength of wire
between first bond 104a and second bond 104d. This length of wire has been shaped
{e.q., using a wire bonding tool, not shown) to define kink/bend 104b and kink/bend
104c.



- 4 - are provided. Certain information is provided to the wire bonding machine including, for example,
package data and looping control values. Using this information, and an algorithm(s) of the wire
bonding machine, looping parameters for forming a wire loop are derived. A wire loop is then formed
using these [B8p#itéTtdheters. The looping control values of the formed RIFEIFGP &M Ten measured
(either online or offline) in order to determine if the actual looping control values of the wire loop are
within acceptable tolerances/ranges. If the actual looping control values are not within an acceptable
tolerance/range, the system varies the looping parameters (e.g., automatically using a closed loop
system) and then forms another wire loop using the-varied looping parameters. Such an iterative
process may then be continued until the actual looping control values of the formed wire loop are
within acceptaplieierancas/mngasagiys: desitabledoppingraramel e Ragsaidgsirable looping
trajectory) are RAKdR® QIS W3R RELEL-IE LRLNAIAOMINRLISdAeDARd. O dg proadly constiued

to refer to any f I orlt m ram, S or co ation of multip orlthms programs
and processes S\éﬁﬁﬁe?re tg]ea WlFé:FbPO?'fg Cg §em §r ma rg%é%]?gégwase%&ﬂ&ﬂ}’ﬁ rmation and derives
looping paramé?%%%?fo‘?ﬁcﬁﬁ%%%?nﬁm W&fﬁ%é%@ E&G o VAN BB Ty TRFameters if the
measured loopikgrconted. vEln expamdaadt withire deshietle pratsiabithiindedraimiehtor ewample, the
algorithm may inglude anExpeshsystend syrarkzryitogiBetemntrot&ysiRen (%) haveaayeakham number of
methodologies,gh&paaiNing themsavidrthifRraation (8.9 M@&&a@aé@@;@lmfﬁaﬁp& values,
measured loog GAOEl AR sggguamvﬂﬁ'tyégwb& RS RHIRHbIS:8y (Q0pIRg Prameters,

varied looping parameters, e Mgln erforming these functions, It I ersto ealgorlthm may

work with othef B3RS SPA Bontin§Tia rﬁﬂ%ﬁﬂ&ﬁ&?ﬁ'&%&@mH%ﬁﬂ%ﬁr’ﬁéﬁé‘é@ tRé8R, data
storage, etc. [GHPATFIT IS il it Rtesshex ddrsiaryPivie %Wﬂ@&'ﬁ%?ﬁﬁf@%%d{%@werconnectlon
between a firstiyshditgHothtiomreansa@niconduttordieliifhastvirsoprdibandiagieoation of substrate
102. More spegiieadly (wireilooprdfddrndyseradiy stiborce104a bonaeddasfiesiHeandingrocation (e.g.,
a die pad of semicRAUEIRLAHEHODeRREiSRERRA, Qomgﬂe%gph@aﬁ%%é@ﬁ%%m&m location
(e.g., alead of Ieadfr%mgl iggtrgﬁeerlot%)e ere I%%P gpzilnsoco &CLJ Eu gscontlguoqscjtength of wire
between first bond 1?) aa econc? ond 1044 This eng?h ot Wire has been shar edd(e g., using a
wire bonding t&ﬁwﬁgt"‘gﬁo\ﬁﬂ‘i’) to define kink/bend 104b and kink/bend 104c. - 5 - [0015]In the

packaging of ?ﬁn e{f]ductor devices hangq_ wire Ioolos it is desirable that the wire |O§?S meet certain

criteria herein erred 15 as |63 ME SO S GRIRASY @ﬂ%‘ﬂ%ﬁﬁ?ﬁ%‘@&ﬁ% "PAiGeE M8 be selected

based on a giveHIEEnfeSHRIERI8 Csadkate?a SiremradRredyireRs e (8HE IR the KA@msops, and many
other factors. Fogsextarepirdtimayiizeadiesivadidsvedstablisiadied dodjodrdighroatiel wihesdop as a looping
control value, wherarthie:lopprheight is centuialledind ayedcerainuppReling (he aidommsimum
acceptable valyg) um@taﬁ@sfél@@ﬂé@a&te@s leop. f&@aw%aﬁmmﬁmamey Q&éae%wred with respect to
2 first bonding alon (8. Rarialdle 4A0.e5souh J0 7 A sebard nepig ocgtion (2.0, part

of leadframe 102 a}s shown In § r another %ca fion of the semic ctor a age or bonding

machine. Furtiari8&5 H%t‘ffiﬁhr?faﬂ féIrCTo ALK HSEE W?@elﬁ)ﬁeﬁnﬂﬁaﬁ??ﬁ ngﬁ%ﬁﬁcbé?fkﬁﬁe (e.g.,ina
stacked die pa?;‘kﬁ@‘éf\ﬂn?ﬁQ/\ﬂfé%@ﬁ@eﬁé'@ﬂﬁbr‘{éﬂ’%?o@w G SAGINENCIANCHISn B¥EON WittPthe present
invention, a sintifeeicopngosiret vikiexaapibevgele tte do(e. geidbois Hreighthahitemativisly, numerous
looping controkiualinesnnay. peselestedhion GeaiveMdtadoRR: is understood that the ioop height

may have x-axis and/or y-axis components (or components in other, non-Cartesian

coordinate systems, if desired).

[0017] FIG. 2 is a flow diagram illustrating a method of forming a wire ioop, and
a corresponding method of optimizing the looping parameters used to form the wire
loop. More specifically, the method also involves a method of deriving a tooping
trajectory of the wire loop by determining looping parameters that will satisfy the
established looping control values (i.e., will satisfy the pre-defined acceptabie
tolerance/range for each looping control value selected}, At Step 200, package data is
provided to a wire bonding machine. Such package data is data reiated to the
semiconductor package being formed. Such package data may be provided to the wire
bonding machine using computer data about the package (e.g., CAD data related to the



[0016]FIG. 1 illustrates three exemplary looping control values, that is: (1) loop height; (2) die edge
clearance; and (3) second bond clearance. Thus, in this example, these three wire loop characteristics
have been selected as "looping control values." Thus, in the optimization of the wire looping
parameters (ARELHEEIEERR)) the algorithm will utilize the pre-defined rangeB{EES2HAMEMEDle maximum
values, acceptable minimum values, acceptable ranges, etc.) for each of these looping control values.
It should be noted that while FIG. 1 shows these three exemplary looping control values as having one
or two dimensional values, they may have values in one, two, or three dimensions, as desired. For
example, while the loop height is shown having a £-axis dimension (i.e., an up and down vertical
direction). it is understood that the loop height may have x-axis and/or y-axis components (or
components insenesnfiicptrRsdaN qakdithate:axsiaenthdfdesird)aORLY I Grodils Aullpy diagram

illustrating a mgtmreftgquagmte tgga,.mergm%%@emw@ttm% RPHimLAIRg. the looping
parameters usgd to ormceso Pﬂ% %aF/I ﬁr) pec |caII¥ th methqgca%lso mvol}/ .a method of

denvmgaloopn?g?raﬁcﬁor 0 iire ¥ e)t'lerrmnln ggp?ﬁ ar%nn%xetep REREP Vil satisfy the

established Iodﬁh@%ﬁrﬁﬁ?\?ﬁﬁ@gtﬁ%mﬁﬁﬂ f?%@?ﬁ’r@%ﬂh’@ afeéaﬁf’étb?é’?ﬁpét‘ﬁnce/range for each
looping controlMzitie sseseerdape AR Bt Es! 200, ssattenge dkitd sheigvidéel rerdogiretsolding machine.
Such package statadsdiatar riatesdtmthipse nfie dndiretos, packageibengsosmeds Stech package data

may be providedd@th e vaeReRdingdnaebiaey siagieniNRtHesidatacainnt the gackage (e.g., CAD data
related to the - 6 - semiconductor package). In another example, the package data may be provided
using an onlinggexe; on bondaeptearhingirgiasanae systemef theiwisadording saghine. Specific
pieces of packaaeh%%evw" bqfaquér%e@m H@@tg%natmamet@va@atmgah tm@x%t examp'es of the
type of data that #/ Qro % q:tp etx emwglere‘bonl ling m (:ahoen § Pac a%eswagae po u es
semiconductordie elgﬂ‘t Tocations of 2 TEMESRdGeior dié 13 16eations of & 18adframe,
relative dlstané'@éehe‘tﬁlaeﬂnﬁrgt'%'ﬁﬁﬁ&q6’?5&8?&%W&°§§%r6ﬁaeﬂd?ﬂﬁ@mé%&%%9%ré)fjlameter and
wire type. [0018]AESHOPPIBRCA06PiMef LSttt ARTEIPAEHOVRIEY: teldstedireetidifieling faachine (e.g.,
by an operatorirsseancajdorithmgity deriuptionishpougtvibrel vaaief packagendada hetgh)) ratyexample, in
a given applicatignadtanpyrberdestoblatocfosmia wikerdagnrh adptplacp-heighidessdhara

predetermined mamw%%@m% Qt,ﬁwmnmetyd@tﬂtma'ﬂs& qthepghan loop height may be
selected in addan tto [ st Ee ESIf)eé) R-enoo% t. Exempl g)tgqqqecontro values (other than loop
no

an length of a ortlo of the esﬁ{edanre 00 des'reuIY” ferené)th of the desired

height) may inc jaeas
wire loop, XYZ"THEa?Rﬁ‘EE BrasHRGH t‘fé’ﬁ’d‘t?Pttt’e"H"@s'ﬁ&%F’\‘/\iﬁé"lé‘??ﬁt 3 FPﬂJ"H?ﬁ ehihmdeerrdic of the desired

wire loop, a wirdrewrep\alie ssiothededexire daeeoicbp desivitenisn iprire escoddiead dbpealtasp, a wire
length in at leasiiaepstieniadithevdesisepl wittaletgpesotte edgea glgairmngansadagrefi thieedesired wire

loop, a secondigndcleaanss velge efhe desiedwite ianpaniashane of akigasta portion of the
desired wire loghVE R < RAPiRSIANLIARAEI I aRESH R ILBMIIRLS WLe OBRs, i pesAranged above

one another in a acka c?a‘gf st c ed wire rovided as a ooég\gtg; control value.
i0

Of course, difféTSAF B> aﬁo p? ortreT v%ﬁ) gaét’gonﬁi I HEEEY RS RS feciated by
those skilled irfBf&tEft; %WBb?ﬁﬁ@RfSﬁﬁ%P\?XlH@’(%") %?B‘?ﬂdédhih@‘tefﬁe(m%a‘iﬂ%’ pESARER as, for
example, at leaspors if @l OpperYiftrodided aepiresantiel valers! ok af6svanlimiteof the looping
control value, aind: (&)ta8 acseptabledange, gbjheitoepingcemirolomivg ceteo[QR18)AhStep 204, looping

parameters arglgriveehif fHERIBgHRaHESEREMiEEyalue, etc.

[6019] At Step 204, looping parameters are derived for forming the desired wire
lcop. That is, using the provided package data {from Step 200} and looping control
values {from Step 202}, the algorithm(s) derives exemplary looping parameters. In
conventional wire bonding operations, looping parameters are manually input by a
user. In accordance with certain exemplary embodiments of the present invention, the
looping parameters (and therefore, a looping trajectory) are defined using an
algorithm(s} of the wire bonding machine. Exemplary looping parameters derived
during Step 204 include: (a) a tool trajectory for forming the wire ioop including the
end point locations for each segment of the motion, and the trajectory between the end
poinis; (&) bonding energy parameters to be applied by an ultrasonic transducer of the



loop. That is, using the provided package data (from Step 200) and looping control values (from Step
202), the algorithm(s) derives exemplary looping parameters. In conventional wire bonding operations,
looping parameters are manually input by a user. In accordance with certain exemplary embodiments
of the preseVth¥&fitidfe2he looping parameters (and therefore, a looping Rf&&i¥Miasesdefined using
an algorithm(s) of the wire bonding machine. Exemplary looping parameters derived during Step 204
include: (a) a tool trajectory for forming the wire loop including the end point locations for each
segment of the motion, and the trajectory between the end points; (b) bonding energy parameters to
be applied by an ultrasonic transducer of the - 7--Awvire bonding machine; (c) bonding force parameters
to be applied by the wire bonding machine; (d) timing parameters related to at least one of the bonding
energy and bowdhingotaiag; reitendndpieshspecd shrang:atlenst apaciay efawiviedanging cycle to
form the desirgdircel00R rAnRG(Pam Wike-C IR PRSI AUIRG AeBSE AHRAian,of & Wire bonding
cycle to form the desire we I30p A806QlIncquneeian with the derivalion afiific looping parameters
at Step 204, the algorithm 'n%ay utlﬁzg oop odel .a?a storedaiP_l he wire bonding machine to more
closely approxhhSEHE IBEHL B onhsid (0125 Ime A8¥RRYy WiiaasbsaEdt RYEAHE, through
experimentatioh itiestifgy CueEsiPABIE BB iRt phrdradiers for various types of wire loops, using
various wire types, may be derived and stored in the memory of the wire bonding machine (e.g.,
through Iook-ug"(%l%?és or tHB FEFBCAcESENSI &9 e WATENSAPRANG AETRfte Y #rBtsgedmputer
networking or tihe filesjitiftenaegtliznyahenmistitatatstdreniStepsi 20 adich20&;Hhe @algarithm may also
use this loop madeldaisdricatmetiospivithdherdery adisaDfdiae: loapianowna aRetets. That is, without

the use of the LgmHﬂg%&&@ﬁ@%@&tﬁéﬁ@f@@é@&%@&;@&;fassna%%embmwgefémge@fx {ake longer to

determine the irakle loopin rameters. By using the loop_model data, the iterative process may
be simplified ag%%(%%gy%égsoﬁr"nvgﬁg%nfl]%E[ngtve%%l&wé%vfmgeﬁdor%a?égf)%rgr%rév %g?rl% S}%'g%lgr?egd looping

parameters. AUSIER Y88 Y R ARARBb IR 6 AG8IVAIGESE) SikTe WREIS6 5 folksed'in Step 206 are
measured. Forréxaatpifetamne@rebapriog meping Correh valted suarsvesiinlishi fdelvire loop 104.
That is, loop heiyt retieviupe clepwanae, feomd Sepo A00od2 0k anartmritiusnat Step0Bigesirable
looping controkys ursiéaasepinbienan e st laEaneRSHBHC) {ak RahOhleanbaightngiesedge
clearance, and,s&canthLBd FI8RIRBEEWRIGRALPMLRE, 19, {06 ML NGRAINGJNAC DG AW, at Step 208,

the actual wire loop formed af Sﬂte D, 06 I3 Measy d to determine trl]se \éalue,s OIthFSoe actual looping

ke | \ | . .
control values. At ?eg 2184 determination is made as o q’?gfﬁ'gFethe attual measured looping control

values are witHTIP% SRR BREAMTJEC G5 Cif¥ TR GRS ABTRLs e FiR® answer is "Yes" then the

looping param(g%ars are acceptable and the Ioopin§ trajectory is complete at Step 216. If the answer is

"No" then the 160pfid parafietars A1 VANELPEPS RIS I8t trE BO PRy I AAATRE S s varied, for
example, by a PrERRefARINBRIFFEREIPRMTP GSEP AP ERISY Rh FcatiStdirp i mad StéEep 2A%GRISther wire
loop is formed wsisgride Fairied iunpimgFpar anieter soaitd thetrthesprscess etabiishtal step 208. This
process is repaatethomtibtherastuglisopasiyreddecpingranifeky aldelahadewiihinamagceptable range,

specification arg/er folatangs asHefiRachahs 8RR ZadL008 G 34 stratrs.An-example looping

trajectory for f%rr”ég%%%%%% Iﬁ)é)lgﬁt, die edge clearance, and second bond clearance were provided

to the wire bonding machine. Mow, at Step 208, the actual wire loop formed at Step
206 is measured to determine the values of these actual looping control vajues. At
Step 210 a determination is made as to whether the actual measured looping control
values are within an acceptable range, specification and/or tolerance. If the answer is
“Yes” then the looping parameters are acceptable and the looping trajectory is compiete
at Step 216. If the answer is "No” then the looping parameters are varied {l.e., at least
one of the looping parameters is varied, for example, by a predetermined increment)
using an algorithm at Step 212, At Step 214 another wire loop is formed using the
varied looping parameters, and then the process returns to step 208. This process is
repeated until the actual measured looping control value(s) are within an acceptable
range, specification and/or telerance as defined at Step 202.



This example trajectory plots motion along the XY axes in mils (along the X axis of the graph) versus Z
axis motion in mils (along the Y axis of the graph). As will be appreciated by one skilled in the art, the
looping parameters derived according to the present invention correspond to a looping trajectory used
to form a wird' &P #4dERbs the looping trajectory illustrated in FIG. 3. [00PGTEISIMIASAR illustrate an
example of an iterative process according to the present invention. Let us assume that the only looping
control value provided at Step 202 is loop height, and that the acceptable tolerance for the loop height
looping control value is that the loop height must be no greater than 7.5 mils. At Step 206 a first wire
loop is formed, and this wire loop is shown in FIG84A. The wire loop illustrated in FIG. 4A has a loop
height of approximately 8 mils (as measured at Step 208), and therefore, at Step 210 the answer
would be "No"beczagse 8 mils exoeedscthe thireshrlthipnipapibeightef-mirls witausedhe algorithm is
used to vary thg; Logakag;pa@éee@ra@g%t@d@bz%%namqewewévaﬁgoemom%ﬁg%ﬁ@ﬁe214- This new
wire loop is sh Erjsgs Q(%)yxgtp] &IL%OR ?ﬁ gqggt;pg(x g;eLyrg r‘lp Is Th the actual measured

looping contro va ue m|I meets €s for ing control value
(i.e., a maximiRFisop ?1ef°§’hc’t"'5f£>< gefin'lrl’ss Sr?at‘thues 8'“86’5’{&5‘5%3&%&‘@&Et%‘iﬁfadf?ajg’ci%‘?y) are
acceptable [0OZAFThE YBBRAFEERRONY SIS IPIAG BRITRINE Heam R Mereialetiesyfitda GUI
(graphical usethintesdce yejratsprilaghsedticiz®t dr the like. However, the present invention is not
limited thereto. For example, at least one looping control value (e.g., the value provided in Step 202 of
FIG. 2) may béd®aRlded vidGEgfapticHidnidacexannixehapl Heyalraphicadraeraiiey ivdpdenclude a
diagram of a npedehwire:taiop. (@ yoabsm@dichensionalymogdelg adhree gimensinnralsnedgl, etc.),
whereby a usezotia@:@&e\ﬂ@lsr@t éﬁéih%é%@é&ﬁ&&@@éf@aﬁ@é%rt&{e%wVHQ g@@gﬁ%l@&%@f the diagram
of the model wiis, 0, Re{e1ing apse (}'r? 196 BvbprRNIGAl Ifacs flagram, pfwire loop 504

is provided, where wire loop 5 rovi ectrlca Interconnection betwe and Ieadframe
502. This exerlr?ﬁija'l’cy &{fﬁﬁ%é&i’ Srfdte ?ﬂ%|ﬁ&88“€‘\/éﬁ‘§méé |IAB& 5P ‘B“Str(?'tedd“ Féﬁd 'e." Variable
"a" relates to |68 #etdPRPVSHED IR APPTeIHieset RHRit3 OIS BRI AP vaRh Sereiites to the die
edge clearanc#; ¥apaukettd arstate 3vtoithie: (%t Kinkelcedtions arceedy thbldh 'eshogl dive ot the second
bond clearancezigh eoursesirdditios)ahe s diferentsvadalbies sote Ibeppropidaddie graphical interface
for providing the Jogmingreaniial mwesfoﬁneé%tz @Eewigraﬂmmwweh&sp@%mﬁﬁﬁ@ne or more of
these varlable%B(ng ab%goil‘gpgqg %% g (;(klnaq L gmis *Eﬁ,'%g go LEQ nqgéehliagt Qortlon of the

graphical wire loop, y using a o creen illustrating ical wire loop, e 'f}Z. Further, the
interface may B PrOYISL sﬁcﬁ (R bR c’aﬂ“%ﬁ?é‘%ﬁtfé gﬁ%?é"é%e"b?h&éﬂ?aégé:f @lgiven
variable of the“@i‘é&JHléalww@ww‘b%qréé@ﬁbéiwm%hﬁ&wma@adéniﬁtgl‘e@'z@z Referring
specifically to FEBc®By) @esecsdsiiiragged variable "a" (e.g., using a mouse or the like) to extend the
maximum loop height allowed for the wire loop. Thus, it can be seen that variable "a" in FIG. 5B is
longer than thé®tdspondireyieemriad o ab!imakia . r5A, tth inpm akingatie &rteatrthle maxiEum allowable
loop height fordbe(yisrieapfasibeerdnereasechiireechyrahangingitke leapheight isrdbengraphical
interface the uggEhas m&d@mt@drtﬁwégpmeg&@mﬁ@ VRl loRBRIABRLEPOARIQE gourse, the
present mventQQ Oﬂg E)r%ygeead mpsoye %?g/% 0 IZﬁFAQP¥@9' EE)grr?am%&(:erls r@r’;% Cthe resultant

trajectory) by controlling an a nu er of looping Control values value mayrhe damage
done to a port%ﬁ%?‘g%ﬁfg%(‘fﬁ' [MS'f@‘fp'EEﬁl@&Wea? 08PIRY BEFAPREE I KRB BRI in connection
with loop quali®y ™ Enaiidenqsstie fETeAMPETenp. ParexainplabirebitR BSREGHING ofdl value would be
the pull strengtesif @diistibondootral wareelbp pa it ehputistiehigthf b atdtantvé the ckorlegjion of a wire
loop (i.e., the neekisegionfeing sHportian e s |eopaiesiintFandwbere shewirgdoop tends to be
relatively wealey daned, die 0peRiap SoRURARTIe] DaLise R IRaRine £aRH BLkalug anay be provided
in Step 202 of 3, & aF‘EO?me%E?zS DA "éeg%[‘ U||| ﬁ?;z? snah %%a ESFncauQes%rv L;g,neck region of a wire

loop (e.g., a looping control value of a pre nUMDET G ms may be es?abllshed) Then,
after the wire |B§5“ fGrmed (6r'e9€r?5‘i’te? a Y%?B@na dﬁﬁtﬁfotﬁlmm%ﬁsvﬁf‘ébﬂ%rﬂ)rmed) the pull
strength of the' RSB LICASERCREJRSALIPRY HE Bleter e i dipedigrsrarse like. Such pull tests
may be perforneeid om"tHeahdres bo ek ngsnandhime (@ gand Siagp bl pUilertaet tasingsecctassoatamp pull test,
amongst otherctesanigues)-on-efl i Ronexamplenaliierprdeamingafinsbhond anshian performing
looping motiong, (Rt beiose, fnrmind.AceaRNd RNdLAWING Glamp Mayde.rlasreand appll force

incrementally increased unt|I the mggetears at tl'{e neck re onoft Jwe wire loop. If the ac!t al pull
strength value ot the neck ret reg jion does ho m%se e rBO old 4ufin iclfhng aer?e?’r‘h%r?é oen 'St Step 210 of
FIG. 2, then th& Hlﬁé?fﬂ’fﬁ?hﬁ’&? BB UiBg %aahfé‘?EIHEB|H§%3P’dfﬁ'@%?§%&°@%ﬁ??1@@r@““I%oplng motions,
bond force, ultrasonic energy, time of application of ultrasonic energy or bond force, etc.) to improve
the pull strength of the neck region. That is, it is appreciated that the motions associated with formation
of a wire loop after formation of a first bond (e.g., reverse motions away from the second bond
location) may weaken or damage the neck region of the wire loop. By varying certain looping

parameters such motions may be varied, thereby reducing the potential damage to the neck region.



- 10 - [0026]As provided above, loop model data may be used in connection with the derivation of
looping parameters. Such loop model data refers to data stored in memory (e.g., memory of a wire
bonding machine, or memory accessible by a wire bonding machine) that includes looping parameters
for wire loopd" ®#8M18%&HMe, after certain wire loops are successfully formBETHE010/035067
parameters/trajectories used to form such previously formed wire loops are stored in memory as loop
model data. Later, when it is desired to form a wire loop having certain characteristics similar to the
previously formed wire loop, the looping parameters used to form the previously formed wire loop may
be retrieved for use as initial looping parameters: f0027]FIG. 6 is a flow diagram illustrating a method
of deriving initial looping parameters using loop model data, and then using a closed loop process to
optimize the loppigapacameter ioer. flesinerkyine IpapiAt S1apePopaskags dafierksuch as the
package data g%@éﬁ%@&mvgd’.‘fimc@mJQC@%?%@&JQV%Q@@ 8- WiLs RoRdingghine. Such
package data may be, prvided Usind G/ fa1%, A Caapase (,0thel data SIUEWC [0 be populated)
a graphical user interrac prompting an operator to enfer,t 8 package cfa?a,pacteac ing process,
amongst other tEcRRIGUEE" RESIETEEL! ARt infidtiol P RO IR TR . FEikE AR %TF&BF?&?& or the like) if
initial looping PefdMete e d gl ddrweUPFoNT tMEel ivep- nbUS| HeRR Redikad Maheriabie Uging the
package data préidé&d atiGtep 6Q0.tHetheansweiniswesbiatotpinta panametierg akesderived at Step
604 (such as thedeppingparantictbraesssinag-aovasvithnespast kad ehsIhatds, ghe package

data provided g{ateR, 6R0,5PVideS: fedRignaPawAle desiied wie loppthath Ay ds.gompared to
loop model dat% 'g_g eg]ég me}morXéiTh loop model data includes information from previously formed
wire loops suchthat tffe mfflaf)%’oplr?g g'arameters for the present wire loop may be derived from

looping paramege ra pB%vious(lay formed wire lo wherg sucq looping parameters are stored in the
) th £ :
loop model dafa. 8]If the answer 15 Mo at é’t‘é’ﬁ“%%’é Renaddtionalin ogr)r%% |8F10|d‘;§r)?g\$|ded to the

wire bonding V8P i BPYRF To it fﬁé”fmﬁéfr@8ﬁﬁf§j)ﬁé(r%ﬁﬂ'§?g@ BNSLEXAHPIE S a method of
providing such2aIaGAAT MG ReAL S EsSHEBNVANS fEPYEBIR TGBR T E nBroPIteSy 8(ih as the looping

control values idesciibedsabofie lvith espachdcs RB2heel ataskdeidbd idesmesttwiravidopaere provided.
Another exampleaf ataeihadetnie vidingrsussp addidenapiatenationts hptat:stem@O3b a user (e.g.,
an operator PfJJaaefvyeetp@Eatrg@rén LRSS GRaRISAIRSBI6! SUER BRfnRalANRLmALen. for
example, using a GLLI or the like. Such a dltl%[l]al infor QH% mrg.lude Iogpln%oconfttregl values,

e n ma
. he neck reqlo c:d'la ire loop (].&. eck re i f oo .
additional packags datainforma lon, or othé&r information to %{ﬁgv?/y e lg\?g(())rlathrﬁe’[o defive initial looping

parameters for tRePAREE RS 1oH'SPSRETBHLC BtV Eie Hadifb AT RHEH kit s8R Bvided to the
wire bonding nigiitie- (EMgE, ith FOGPIMStERN BB \StE)s OB RroaifefbinSiteeraeT hhfd@es yviisé initial looping
parameters areetiesivech atvstep. 66dasingpthaipatkagerdata feokrdsien G@0mrdothe(additional data
provided. looping control value of a predetermined number of grams may be established). Then,

after the wire ioop Is formed (or even after a first bond and looping motions are

performed) the pull strength of the first bond or neck region may be determined using

a pull test or the like. Such pull tests may be performed on the wire bonding machine

{e.g., using & puller toot, using a close clamp pull test, amongst other technigues) or

offline. For example, after performing a first bond and then performing looping motions

(but before forming & second bond) & wire clamp may be closed and a pull force

incrementally increased until the wire tears at the neck region of the wire loop. If the

actual pull strength value of the neck region does not meet the threshold during the

determination at Step 210 of FIG. 2, then the algorithm may be used to alter looping

parameters at Step 212 {e.g., looping motions, bond force, ultrasonic energy, time of

application of ultrasonic energy or bond force, etc.) to improve the pull strength of the

rneck region. That is, it is appreciated that the motions associated with formation of a

wire loop after formation of a first bond {e.g., reverse motions away from the second

baond focation) may weaken or damage the neck region of the wire loop., By varying

certain looping parameters such motions may be varied, thereby reducing the potential

damage to the neck region.



[0029]At Step 606 a first wire loop is formed using the derived initial looping parameters. At Step 608,
the looping control value(s) of the wire loop formed in Step 606 are measured. At Step 610 a
determination is made as to whether the measured looping control values are within an acceptable
range, specifft@ti8Ha#a8r tolerance. If the answer is "Yes" then the loopiR§EsiHEtEIS are
acceptable and the looping trajectory is complete at Step 616. If the answer is "No" then the looping
parameters are varied (i.e., at least one of the looping parameters is varied, for example, by a
predetermined increment) using an algorithm at Step 612. At Step 614 another wire loop is formed
using the varied looping parameters, and then theifrecess returns to Step 608. This process is
repeated until the measured looping control value(s) are within an acceptable range, specification

and/or toleranqed§}B0]While tae Riesenidnyeptiudizaiens), desrdhed Willrespaahte certain
categories of P@&K%%Snd&tﬁsnb?%”ﬁagaﬁ%@é@' %%'&A%US%QPQA@rQ%Fél@aec}SJaSseéé%ﬂﬁ’t limited thereto.

Different or addltlonal ategorles va ues, and parameters are contemplated within the scope of the

present inventiol ?L]%1tﬁ’8&1§ﬁtﬁ |r‘”¥\'/i‘§nt1?org1 iM3stiated f’afﬁ‘af‘li’éééﬁ‘beéa'%béhﬁ With reference to
specific embooti’ SHIB AR PRISAAbIRGTRS RoRIAG 88N 26 B TRt 0 RS d RS RkERBIRn P ather, various
modifications naeiyaivevina thons 4 resderestdWittrimik Yeaqpeaariterafigezadga ivaientsoofthe claims and
without departingrpmviheinentom -2t 20RCHIISRIIEH0GR6Ft2 AMENDED CLAIMS
received by the lrdemnatiRbalByread omild ibdeB AR ldA2120dddristics similar to the

previously formed wire loop, the looping parameters used to form the previously

formed wire loop may be retrieved for use as initial looping parameters.

[6027] FIG. 6 is a fiow diagram illustrating a method of deriving initial looping
parameters using loop modei data, and then using a closed loop process to optimize the
looping parameters for a desired wire loop. At Step 600, package data (such as the
package data described above with respect to FIG. 2} is provided to a wire bonding
machine. 3uch package data may be provided using CAD data, a database {or other
data structure to be populated), a graphical user interface proempting an operator to
enter the package data, a teaching process, amongst other techniques. At Step 602, a
determination ls made {e.g., using an algorithm or the like) if initial looping parameters
can be derived from the loop model data stored in memory using the package data
provided at Step 600. If the answer is yes, initial looping parameters are derived at
Step 604 (such as the looping parameters described above with respect to FIG. 23,
That is, the package data provided at Step 600 provides information about the desired
wire joop that may be compared to ioop model data stored in memory. The loop model
data includes information from previously formed wire loops such that the initial
looping parameters for the present wire loop may be derived from looping parameters
for a previously formed wire loop, where such looping parameters are stored in the loop
model data.

[O0G28] If the answer is no at Step 602, then additional information is provided to
the wire bonding system in order to derive the initial looping parameters. One example
of a method of providing such additional information is that at Step 603a, looping
control values (such as the looping control values described above with respect to
FIG.2) related to the desired wire 100p are provided. Another example of a method of
providing such additional information is that at Step 603b a user (e.g., an operator of
the wire bonding machine) is prompted to enter such additional information, for
example, using a GUI or the like, Such additional information may include looping
control values, additional package data information, or cther information to allow the
algorithm to derive initial looping parameters for the desired wire loop at Step 604.



What is Claimed: 1.A method of forming a wire loop in connection with a semiconductor package, the
method comprising the steps of: (1) providing package data related to the semiconductor
package to a wire bonding machine; (2) providing at least one looping control value related to
a desired wire loop to the wire bonding machine, the at least one looping control value including at
least a loopheighicvaddeivelateddarbeclesimd vidkei oo e wire boné&)gieﬂadhguéo@mmg parameters,

using an alganim Jar, %%Q%EBB gesyeshais laeR, technique ‘g;) Eﬂém:'\”@a?‘lﬁ yyre loop on the wire

bonding machiné usmg the looping parameters derived in step measurlng actual
looping comPerVEtFES %rfetlﬁiérf‘fgfi\ﬁﬁéti%ﬁ%rfﬁé%ﬂlﬁ%@ﬁ%%ﬁ@éﬁéﬂ@l@% 0 305 one looping

control valeelditithal data prd@jdedmparing the actual looping control values measured in step (5) to the
at least one looping control value provided in step (2). 2.The method of claim 1 wherein the package

data provideshipegtep (1)Aneugescat lemsh ane-0ba) i A spigiad Bhe-aamiraneusiar package
and (b) package data darived Using 309000 Leasing JSISIRN oS RN Hiee e 5onding machine.
606 are measured. At Step 610 a determination is made as to whether the measured
looping control values are within an acceptable range, specification and/or tolerance,
If the answer is “Yes" then the looping parameters are acceptable and the looping
trajectory is complete at Step 616. If the answer is "No” then the looping parameters
are varied (i.e., at least one of the looping parameters is varied, for example, by a
predetermined increment) using an algorithm at Step 612. At Step 614 another wire
loop is formed using the varied looping parameters, and then the process returns to
Step 608. This process is repeated until the measured looping control value(s) are

within an acceptable range, specification and/or tolerance.

[0C30] While the present invention has been described with respect to certain
categories of package data, looping control values, and looping parameters, it is not
limited thereto. Different or additional categories, values, and parameters are

contemplated within the scope of the present invention.

[GO31] Although the invention.is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope

and range of equivalents of the claims and without departing from the invention.



3.The method of claim 1 wherein the package data provided in step (1) includes at least one of
semiconductor die height, die pad locations of a semiconductor die, lead locations of a leadframe,
relative distanB&sZBEeEN first bonding locations and second bonding I8EAIGREI%43RPE diameter, and
a wire type. 4.The method of claim 1 wherein the at least one looping control value provided in step (2)
includes at least one of (a) a span length of a portion of the desired wire loop, (b) a pull strength of the
desired wire loop, (c) XYZ locations dgﬁ('ﬁiNP ehdiNthe desired wire loop, (d) a hump
characteristic GEGRVESsHethwiveiesapligapbbBMRasIRIY Value BRI dddi@el 2Aid Joop, (f) a wire length
in the desired wire loop, (g) a wire length in at least a portion of the desired wire loop, (h) a die edge
WO 2010/135220BETH7E%7510/035067 13 clearance value of the desired wire loop, (i) a second bond
clearance value of the desired wire Io%%j g)f% shaé)e of at least a portion % the desired wire loop, and
S

. 1o Amet mi awareeloo in connection wi . .
(k) loop height ranges for multiple wiré Too t0 arrange% aboVE one ‘another in the semiconductor

package. SR RSt BRTEH B TR ST A 557855 one looping control value provided in

step (2) includes at least one.of ‘%a a lower limjt for dLI strength vaflJu of the desired wire loop, and
(b) an acceptable range fo:}z) lrJ Ivétipgr?gaﬁga\?gldaetao?eﬁtgg 85‘%?%3%‘?%“ 6Jo§p?.r package % The method of
claim 1 wherein'fie B EMTEHE fooping control value provided in step (2) includes at least one of (a) a

lower limit for a wire sway vé%ue of csIhe Q(?sirgd w]re I,oogé r%poq JQ& angg,c%ﬁgtaag)le range for a wire sway

. . provicing at least one {ooping e re esire
value of the desired wire lo . ) . i _
loop to the wire bonding machine, the at least one looping control value inciuding at

least a loop height value related to the desired wire loop;

(3) deriving looping parameters, using an algorithm, for forming the
desired wire loop;

{4) forming a first wire loop on the wire bonding machine using the
looping parameters derived in step {3);

{5) measuring actuzl looping control values of the first wire loop formed
in step (4) corresponding to the at least one looping control vaiue; and

{6} comparing the actual looping contral values measured in step {5) to
the at ieast one looping control value provided in step (2).

2, The method of claim 1 wherein the package data provided in step
{1} includes at least one of (a) CAD data related to the semicanductor package and (b)
package data derived using an online teaching reference system of the wire bonding
machine,

3. The method of claim 1 wherein the package data provided in step
{1} includes at teast one of semiconductor die height, die padlocations of a
semiconductor die, lead locations of a leadframe, relative distances betwean first
bonding locations and second bonding locations, a wire diameter, and a wire type.

4, The method of claim 1 wherein the at least one looping controi
value provided in step (2) includes at least one of (a) a span length of a portion of the
desired wire loop, (b} a pult strength of the desired wire loop, {c) XYZ locations of a
kink or bend in the desired wire loop, {d) a hump characteristic of the desired wire
loop, {e) a wire sway value of the desired wire loop, (f) a wire length in the desired wire
loop, {g) 2 wire length in at least a portion of the desired wire loop, (h) a die edge

AMENDED SHEET (ARTICLE 19)



7. The method of claim 1 wherein each of the at least one looping control value provided in step (2) is
provided as at least one of (a) an upper limit of the looping control value, (b) a lower limit of the looping
control value, 3y Y&t ceptable range of the Jooping control value. PCTUS218/043468"method of
claim 1 wherein the at least one looping control value provided in step (2) is provided via a graphical
interface. 9. The method of claim 8 wherein the graphical interface includes a diagram of a
model wire loop, whereby a user provides the at least one looping control value by varying
characteristics of the diagram of the model wire loop. 10. The method of claim 1 wherein the
looping parameters derived in step (3) include at least one of (a) a tool trajectory for forming the wire
loop, (b) bonding%8aYGy PuT ShtetcisStEEra fRe )R Sactrshiid BTS¢ R HBRAding machine, (c)
bonding force péafaifetrs whdapptite biatheasiirepoptnh ghameashirdeyifel)otmirmyg Paramreters related to
at least one of boalingrerefgyrartiiblsondigdorcés (elebandihgytonkspeedrdutirg at least a portion of a
wire bonding cysteriadeiosthedasired wire loop, and (f) a wire clamp position during at least a portion
of a wire bonding cycle to form the desired wire loop. 11. The method of claim 1 wherein the
deriving of the looping parafmeter3harstdPpd 3} arvtudedeteiningaitajectonpiodefoitdwed by a bonding
tool in the formatir pfdhe=desites (aiiedonp. s\ t202 0435 220RCTHBE3PL 00308RAHL4 12.
The method of claira ok whesaradeOesyingiohihe leapivgParetarsin steRd8)dnelydes using loop
model data storgg. ietheswire gghding machine in connection with the algorithm to more closely
approximate the looping parameters related to the desired wire loop. 13. The method of
claim 12 wherein the loop nsodel diedanitelddes slata serad iReadaak: Wptrllmeltheire bonding
machine.  vanelfhoddi@ Meiliognhalaim A whewindhg darving of the.lonpingparameters in step
(3) includes 59"%9%%%%'5@4%%)’&1%&9 Lgﬁrﬂasr}% 9&%&5&9[&";‘5%@%9 a wire sway value of the

desired wire loop.

7. The method of claim 1 wherein each of the at [east one looping
control value provided in step (2) is provided as at least one of {a) an upper limit of the
lcoping control value, {h) a lower limit of the looping controf value, and (c) an
acceptable range of the looping control value.

8. The method of claim 1 wherein the at least one looping control
value provided in step (2) is provided via a graphical interface.

9. The method of claim 8 wherein the graphical interface includes a
diagram of a model wire loop, whereby a user provides the at least one tooping control
value by varying characteristics of the diagram of the model wire loop.

i0. The method of claim 1 wherein the looping parameters derived in
step (3) indude at least one of (&) a tool trajectory for farming the wire loop, (b}
bonding energy parameters to be applied by a transducer of the wire bonding machine,
{c) banding force parameters to be applied by the wire bonding machine, (d) timing
parameters related to at teast one of bonding energy and bonding force, (e) bonding
tool speed during at least a pertion of @ wire bonding cycle to form the desired wire
loop, and (f) a wire clamp position during at least a portion of a wire bonding cycle to
farm the desired wire loop,

11.  The method of claim 1 wherein the deriving of the looping
parameters in step (3) inciudes deriving a trajectory to be foliowed by a bonding tool in
the formation of the desired wire loop.
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15. The method of claim 1 wherein step (6) includes comparing the actual looping control values
measured in step (6) to the at least one looping control value provided in step (2) to determine If the
actual looping"t®AtI8¥&tfes are within an accepted tolerance level corrBSpERHHPI the at least one

looping control value provided in step (2). * 16. The method of claim 15 further comprising the
steps of: (7) varying the looping parameters using an algorithm; and (8) forming another wire loop
using the varied looping parameters. 17. The method of claim 16 wherein steps (5)-(8) are

repeated for successive wire loops until the actual looping control values measured in step (6) are

within an accepted toleranﬁe_ Ievgkc%gﬁgf&dé@%q mﬁegetike%%t e il%o%@,ge‘qggg{%.value prowded in
step (2). 18. A method q?determlnlnq oopin arameters_lpor orming a wire loop in
connection witA 8 &bt Gy Prlidigesine ﬁ?@tﬁboéleép&?ﬁtﬁr%?ﬁﬁdtﬂ’etg‘fe‘ﬁ eog?“dmg (1) providing
package datarrefhiee tbgiesdienceiitheciasstrade e wiresborrRrARAEHIRR CoRda (2)
determining imdrahletping ipardimetergeforetowimmigawire loop from loop model data stored In memory,
the Initial looping parameters being derived at least partially based upon the package data provided in
step (1). 15 19. The méthooktfogaimidig flitirbercdntpeising thalstdptaf(@)dnoviding at least

one looping ceatretaralue elatrd oradeasitad wikeHeapno ihaenmise bonding machine before step (2),
wherein the initial looping parameters are derived at step (2) at least partially based upon the package

data provided in step (1), aad thetat ieasbtoaecleppngicoatichealee provided ivwstep (3). 20.

The method gf.ckaimeh8 fMEtRRT SPMMEIRIDGRaIREER @héddy eyidingralioast rpdeamag control value
related to a d iﬁed wire loop to the wire bonding machine before step (2), the at least one looping

control value including at least a loop height value related to the desired wire loop, wherein the initial

looping parameters are derived 3f,stap2) af 1825} Pakialy-hase ey RIS RAckauS, data provided in
step (1) and the gt least one Jaoping control value provided 1n SteR.(3l 3L Hh metliarbpf claim 18

a ﬁoplﬂg cor}tr v 5 neasurad mn aa
further comprising thé"st cP of ( _ .
value provided in step (2) to determine If the actual looping control values are within

an accepted tolerance level corresponding to the at least one fooping control value
provided in step (2).

i6. The method of claim 15 further comprising the steps of: (7)
varying the looping parameters using an algorithm; and (8) forming another wire

ioop using the varied looping parameters.

17. The method of claim 16 wherein steps (5)-(8) are repeated for
successive wire loops until the actual looping control values measured in step (8) are
within an accepted tolerance level corresponding to the at least one looping control
value provided in step (2).

18, A method of determining looping parameters for forming a wire
loop in connection with a semiconductor package, the method comprising the steps
of:

(1) providing package data related to the semiconductor package to a

wire bonding machine; and

(2) determining initial looping parameters for forming a wire loop from
ioop mode! data stored in memory, the initial looping parameters being derived at
least partially based upon the package data provided in step (1).
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prompting an operator of a wire bonding machine for additional data regarding a desired wire loop

before step (2), and wherein the initial looping parameters are derived at step (2) at least partially

based upon thEpHERAEEYata provided in step (11)_, and the additional dak& PESW@Ees®ythe operator in
Kol

response to step (3).

19. The method of claim 18 further comprising the step of {3}
providing at least one looping control value related to a desired wire loop te the wire
bonding machine before step {2), wherein the initial looping parameters are derived
at step (2) at least partially based upon the package data provided in step (1), and
the at least one looping control value provided in step (3).

20. The method of claim 18 further comprising the step of {3)
proviging at least one loaping control value reiated to a desired wire loop to the wire
bonding machine before step (2), the at least one looping control value including at
least a loop height value related to the desired wire loop, wherein the initial looping
parameters are derived at step (2) at least partially based upon the package data
provided in step (1), and the at least one looping control value provided in step (3).

21, The method of claim 18 further comprising the step of {3)
prompting an operator of & wire bonding machine for additional data regarding a
desired wire loop before step (2}, and wherein the initial looping parameters are
derived at step (2) at least partially based upon the package data provided in step
(1), and the additicnal data provided by the operator in response to step (3).
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