SYSTEMS AND METHODS FOR OPTI M ZI NG LOOPI NG PARAMETERS AND LOOPI NG
TRAJECTORI ES I N THE FORMATI ON OF W RE LOOPS CROSS- REFERENCE TO RELATED
APPLI CATINGY 200233420 hi s application clains the benefit obcusS2018083065i onal
Application No. 61/179,421, filed May 19, 2009, the contents of which are

i ncorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present

i nvention relates to the formation of wire |oops, and nore particularly, to
i nproved systens and methods of optim zing the | ooping paraneters and/or
the | ooping trajectory used during thé formation of wre | oops. BACKGROUND
OF THE | NVENTI ON [0003]In the processing and packagi ng of sem conduct or
devi ces, Wi I esPORiQANBMETIOBS Fok GPTIMIZING! LBIPINES Atk EFerY RNDI N9

el ectrical interconnection between ocations within a age (e.g
between a die pad WIQGSWEGFBW%FN dHE FM%TJ]%BFMI% 'I-‘g%%?rams) Nbr e
specifically, using a wre bonder (also known as a wire bondi ng machi ne),
wire | oops are forned between respective locations to be electrically
i nt erconnect ed.

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 herein by
reference.

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 semiconductor die and a lead
of a leadframe). More specifically, using a wire bonder (also known as a wire bonding
machine), wire loops are formed between respective locations to be electrically
interconnected.

[0004] An exemplary conventional wire bonding sequence inciudes: (1) forming
a free air ball on an end of a wire extending from a bonding tool; (2) forming 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 lead of a leadframe; (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 loop and (b) the bond site {(e.qg., 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,
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[0008] According to an exemplary embodiment of the present invention, a
method of forming a wire loop in connection with a semiconductor package is provided.
The method includes 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 loop height value related to the desired
wire loop; (3) deriving looping parameters, using an algorithm, for forming the desired
wire loop from the package data and the at least one looping control value; {4) forming
a first wire loop on the wire bonding machine using the looping parameters 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 looping control values measured in step (5) to the at least one looping control
value provided in step (2).

[0009] According to another exemplary embodiment of the present invention, a
method of determining looping parameters for forming a wire loop in connection with a
semiconductor package is provided. The method includes the steps of: (1) providing
package data related to the semiconductor package to a wire bonding machine; and (2)
determining initial bonding parameters for forming a wire loop from loop model data
stored in memory, the initial bonding parameters being derived at least partially based
upon the package data provided.

[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
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OF THE W Nw(% of deriving a looping trajectory of the wire loop, in accordance with an
exemplary 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 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 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

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

DETAILED DESCRIPTION OF THE INVENTION

[0012] According to certain exemplary embodiments of the present 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,
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[0013] As used herein, 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 looping control values
are not within an acceptable 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
control values, measured looping control values, etc.) and deriving the desired output
(e.g., 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 loop 104 providing electrical
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
leadframe/substrate 102). Wire loop 104 also includes a continuous length of wire
between first bond 104a and second bond 104d. This length of wire has been shaped
(e.g., using a wire bonding tool, not shown) to define kink/bend 104b and kink/bend
104c.
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as having one or two dimensional values, t ey may have values in one, two, or three

dimensions, as desired. For example, while the loop height is shown having a z-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 in other, non-Cartesian
coordinate systems, if desired).

[0017] FIG. 2 is a flow diagram illustrating a method of forming a wire loop, 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 looping
trajectory of the wire loop by determining looping parameters that will satisfy the
established looping control values (i.e., will satisfy the pre-defined acceptable
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 related 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
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|l oop, a wire length in at |east a portion of the desired wire |loop, a die
edge cl earance value of the desired wire | oop, a second bond cl earance
val ue of the desired wire | oop, and a shape of at |east a portion of the
desired wire



| oop. Further, | oop height ranges/tol erances for nultiple wire | oops to be
arranged above one another in a package (e.g., stacked wire | oops) nay al so
be provi deo 28/851200pi ng control value. O course, diffecens2omwo3sbditi onal

| oopi ng control values may be selected. As will be appreciated by those
skilled in the art, the |ooping control value(s) provided in Step (202) may
be provided as, for exanple, at |east one of (a) an upper |limt of the

| oopi ng control value, (b) a lower lint of the |ooping control value, and
(c) an acceptabl e range of the Ioopiﬁ@'control val ue, etc. (0019]At Step
204, |ooping parameters are derived for formng the desired wire |oop. That
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i ne an algorith
Exenpl ary %ﬁltf?ag‘ﬂgrcéﬂ% gPE"('?E)‘E‘“T‘i"’\?g WUFi%E Step 204 include: (a) a tool
trajectory for formng the wire | oop including the end point |ocations for
each segneh®OA] t he Inweneationvigh thecderivaljancaf g/ lopringwearamelsss eindtepddht s; (b)
bondi ng eneidgygdianamdyeltdizé GopencdpPddt skob iAfhdvird BSRIMLmAdhaTesd Ueae of the
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202, the algorlthm may al so use this Ioo nodel data in connection with the
derivati on[8921he | dﬁﬁt%z%? wirgaopds fo'lfﬁ%‘i ugieg thgjderugst loprieg pyramsters-he | oop
nodel dat aAt bepiZoey akiaceiaplbogies soraifol Vdlee(py &R irk MoPbrinad immgyept Heéaard onger
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data, the iterafive proc ess tine. [0021] At
Step 206 a“iErer i¥8p Thét *Fo‘Pﬁ%Ele'%t’r ﬁ'@ e@a%c'a%ran%aw %B?%@Weﬁ*%ﬁ%’tcér s. At
Step 208, thes, acttepl20b @epiang: I6apitg entrebbaledshccaptable@anges ftoleodzed, @tapd i n
Step 206 agg éHB@pdhaé:hQr?g)éagg)%%ara&f% EAa%ec&r{d M?mrdec?ea %Ql,vg% &8@&&00' val ues
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W re bondi ng machi ne e actual wr % ormed at St
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SpeCI fication or tolerance
par anet er s °8¢ f e (opinarrEmgiersiheriedolst AR e G UP?EtF%“'E‘%ﬂ“r‘ﬁF"étT@“@t St ep
216. |f thesiaganargokitn Mostep hen AhstebQQpbﬁ@haamaéTBbﬁ[sS’oﬁﬁ@l usiigited (i.e., at

| east one i r
pr edet er mi ggedetdhg%ﬂ r?c%éé F@el‘%ﬁg %%ghﬁe apé gro\é S rgﬁ{ns 3 ste%?gp Tﬁ ;%% e8s 514

anot her  wi FEPeRiSEpTHLIE GPivBkmERFIeY 'WP@%WF@HV%'%& g WAInARAEHSAIaNG { hen
t he processangef shebificiton shePr &andsdephar&ssep 302.epeat ed until the actual

measured | oopi ng control value(s) are within an acceptabl e range,
specification and/or tolerance as defined at Step 202.



- 8- [0022]FIG 3 illustrates an exanple looping trajectory for formng a
wire |oop. This exanple trajectory plots notion along the XY axes in mls
(al ong t hwoXomxizs22of the graph) versus Z axis notion inpoirls2¢@lossg7t he Y
axis of the graph). As will be appreciated by one skilled in the art, the

| oopi ng paraneters derived according to the present invention correspond to
a looping trajectory used to forma wire |oop, such as the | ooping
trajectory illustrated in FIG 3. [0023]FIGS. 4A-4B illustrate an exanple
of an iterative process according to the present invention. Let us assune
that the only | ooping control value provided at Step 202 is | oop height,
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| S a 00 e Nno re e S. a
st ot Sl o Stes afddf SISy mrdl R i ones ¥ §ET 2 (o
| oop il | usgresltleersus Z=@E matorniagnils (eloop theeY atis ofothe gpaphbx Asratlidley 8 mils (as

measur ed aépp?écfmed?gﬁbne ﬁﬂ@dtuhﬂ{e&i‘rprtﬁe Io@;Bm b@rl@m%ﬂé?s a@ﬂIearasmmg\M hd be "No"
because 8 mls Thus, the
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wire | oop the I¢apingeicaiegtorgtilkystrated.in F1§5.8. new wire loop is shown in FIG 4B

with a | oop height of approximately 7.1 mls. Thus, the actual neasured
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provi ded vff/%ah%ts @F’&BHF'@B}I ofj appeoxfately SAH"Se(ﬁémﬂaﬁfr?d 8t 2sh 282N an%ffmfar@e may
i ncl ude a gl stgp ano tHe amswBA@IulNbE ENJ” cm@@aL(sesgmls excdad® titH theRBblONe logppdel , a

three di MeQSRRNRY SGE! 18 o liooIR BRR 198 EARREOKI SRRl Legsy one
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model  wi r e21%@pd AREVENFS 'ﬁ@P §6@’616F|3(§§quy21{40 TPISCEE“SWFG @%@F@HW&&] |=IiGnt er f ace
di agr am of 4B\IWFtB ah@@meﬁm of SpiR60MbLed7. 1w|ﬂ&r €rh\é, ItRe baoaa nRdd4u et Ebipthgs

el ect 1l cal J pLeraanaect ofh Relmees dhe Q.20 ¢ s8R AT Gind Dol

exenpl ary grap Face |ncI u es Vari abl 63 ,
"d", and "¥alve {igricgppemuarloprhigitf Vo Mibd A EhysHne lapainp fBragneteys (?'tq at es to
the top oftrhjeepry) @edddcostabiwar i abl e "c" relates to the die edge cl earance,
variable "d" relates to the | ast Ki nk | ocation, and variable "e" relates to

the secondp cl €3haNkng ChricAYERE: ggbqﬂpgpmanﬂllygfl’oﬁégrﬁﬂ& My abl es

could be provided in a hical I nterface rovid | oopi ng
control va@HE@"a%'Qi‘b%ﬁerﬁFe 358) Yrapmrrdarestsh it PREE Iikey HIEREEStNE RESSBRT nor e of
t hese vari mbtemn(endg.imited thoktot | Rogegmaple, | at tdasthenedospinisenool tdhe (eike to the

r F: ev?nt . PiHe t\)aﬂl'aé)%viée@% QLAY 25 F1dM ) ndyA¥broR¥ed A BYrabhiQHARAEL ERN
I ustratt ggemplary gl-'aphical interface may include a diagram of a model wire loop (e.g., a two-

dimensional model, a three dimensional model, etc.), whereby a user can provide at
least one looping control value by varying characteristics of the diagram of the model
wire loop. Referring specifically to FIG. 5A, a graphical interface diagram of wire loop
504 is provided, where wire loop 504 provides electrical interconnection between die
500 and leadframe 502. This exemplary graphical interface includes 5 variables
labelled “a”, “*b”, “c"”, “d”, and “e.” Variable “a” relates to loop height, variable “b”
relates to the top of loop location, variable “c” relates to the die edge clearance,
variable “d” relates to the last kink location, and variable “e” relates to the second bond
clearance. Of course, additional or different variables could be provided in a graphical
interface for providing the looping control values. A user of the graphical interface may
access one or more of these variables (e.g., by pointing and dlicking a mouse or the like
to the relevant portion of the graphical wire loop, by using a touch screen illustrating



the graphical wire |oop, etc.). Further, the interface may be provided such
that the user can stretch (e.g., increase or decrease) the given variable
of the grwphomaizsmwdel wire |oop to provide a | oopi ng ceatrnskowabies? as in
Step 202. Referring specifically to FIG 5B, a user has dragged variable
"a" (e.g., using a nouse or the like) to extend the maxi mum | oop height
allowed for the wire loop. Thus, it can be seen that variable "a" in FIG
5B is longer than the correspondlng varlable "a" in FIG b5A, thus maki ng
clear that the maxi num al | owabl e | oop®hei ght for the wire | oop has been
increased (i.e., by changing the | oop height in the graphical interface the
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par anet er s” ‘ffg%ﬁgpfejg iﬁn&gf a@%?%tatgghba?g'ﬁeewoh@]sr‘?js%%(‘i?og‘g%%%FWSBOFE?f@cess to
optim ze t weelwppftagfopastinmedf erfgstftond de.d e seveesd mptioms lapeyp frodtth&segpené 00,

package daB@wd(@éé@an%a{/ n@amc‘dﬁe%ag@tf@ reeepergtotaeﬁtﬁebwao%tbyte@p@ct to FIG
2) is provided ondi n be prOV|ded

RS A 2 e A R e it R R o g T R i
gr aphi cal daeage tnttee hemkeegemnpt i ng an operator to enter the package data a
t eachi ng process, anongst other techniques. At Step 602, a determination is
made (e.g., using an algorithmor the like) if initial |ooping paraneters
can be derived fromthe | oop nodel data stored in nenory using the package
data provided at Step 600. If the answer is yes, initial |ooping paraneters
are derived at Step 604 (such as the | ooping paraneters descri bed above
with respect to FIG 2). That is, the package data provided at Step 600
prow des |nf ormati on about the de5| red WI re Ioop t hat may be corrpared to

. Y 1 .



for a previously fornmed wire | oop, where such | ooping paraneters are stored
in the | oop nodel data. [0028]1f the answer is no at Step 602, then

addi t i onaloi2foprssRbi on is provided to the wire bondi ng systwsmion3mster to
derive the initial |ooping paraneters. One exanple of a method of providing
such additional information is that at Step 603a, |ooping control values
(such as the | ooping control val ues descri bed above with respect to FIG 2)
related to the desired wire |oop are provided. Another exanple of a nethod
of providing such additional informatilBn is that at Step 603b a user (e.g.,
an operator of the wire bonding machine) is prorrpt ed to enter such

addi L1 0nal (hAEY Tt Aol s SXOIRL, b Bkandilhe (o Pt by (e

addi ti onal or mat i | oopi ng ues tional
pac kage dafjﬁ”‘faﬁ'%rofrr‘ﬁ?*i"%par@f‘“‘*ﬁﬁe?”‘i*‘d?‘ﬁ’r'ﬁﬁ‘?‘%‘ Sﬂtat"éfeéﬁ Psipta iP?@"eﬁl"gorl thmto
derive ini mieddory G| M@ mpay afredvie¢ Borfddig matirte s mechowi dceedsibbyed wise ep 604.
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(e.g., throu or ot techniq , the initial
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control vakdateedaire IWptrhay‘lb@.fbtlﬁ?@@&lﬁdrabbes ety @opBp@atdmet@s] on and/ or
tolerance. If the answer is "Yes" then the | ooping paraneters are
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Step 608. rocess | s repeated unti| measur ed | oopi ngo control

val ue(s) amcwghﬁﬂc"aﬂacﬁ%‘?’@ %P of Qﬁﬂéjmé‘f)'@@lcﬁpéjéfq  Brflagharofor ©B1%Er ance.
[ 0030] Wi | eatiatsérupuestertie popvieted) ongrapiscdl eeer ickesfard dyenipting &n oEsgecto t o

certain Careﬁ’lgpEﬂe%c@ge%%%qgaéﬂ%aproée%)Qh{bgg&%merr%chyﬁb&esﬂ.t é@@sb?%pl ng
paranmeters, It IS no hér et addi ti onal categories,

val ues, an&eﬁﬁﬁP’Qﬁ%‘lr\e'Féna&Fée éoh‘ﬁ'@ﬁﬁpé‘ﬂ%’ﬁtw P'h?hﬁ' “ﬂ‘ﬁ)e'f g‘ét@ﬂ)E’OB'I”gtpﬁ@"tﬁt"er ent
i nventi on. caridB3dgridet fromgihe idve modeeddth etoredinirhd rost Laite dhepatkalesaata bed herein

wi th refergngfieliar §€é%¢dob' Qfﬁ@%ﬁ%éﬁé‘%@s xrﬁt‘ib?ldoBMS%‘éPa‘?&tér’é aPPlerhBl S@ded to be
Ilmtedtothedetallsso Rat her, vari ous fications may be made in

the det ai | SR 4 (USRS tE%B’ﬁE’“Sﬁarar"bFﬁﬁé dS‘i‘C”B%ﬂJ?RPé{F é’r‘FMe?PFCtttﬁéI%I?ah ns and

W t hout depbattis,ige badkeyd tata iprowdtetiiabBtep 600 provides information about the desired
wire loop that may be compared to loop 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.

[0028] 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 locoping control values described above with respect to
FIG.2) related to the desired wire loop 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 other information to allow the
algorithm to derive initial looping parameters for the desired wire loop at Step 604.



- 12 - What is Cained: 1. A nethod of formng a wire |l oop in connection
with a sem conduct or package, the nethod conprising the steps of:

(1) proviwongiogpdskage data rel ated to the sem conduct or ppaajsa@e/0BmeA Wi re
bondi ng machi ne; (2) providing at |east one | ooping control
value related to a desired wire loop to the wire bonding machi ne, the at

| east one | ooping control value including at | east a | oop hei ght val ue
related to the desired wire | oop; (3) deriving | ooping
parameters, using an algorithm for fdfming the desired wire | oop;

(4) formng a first wire loop on the wre bonding machine using the |ooping

par amet er s pgef éh\é%‘édu‘t@néﬁrﬁ@m(a%%n is prowded to the wwe(bé),d.ﬂﬁ?rﬁa\:'ﬁ,h@ge &CT:rhl@u H OOP' ng
control values_ of the corresgpndln

the at | easterdifE?) 6"85|6ﬂ§b'cac5‘ﬁ‘f°rr8fhevéﬁcﬁé‘q”%ﬁdthe sl boRaing paramgiere ¢¥pari ng the
act ual | oopemgdcdStepob0ivaingebe meaepe eataiffvrs$tep 606 pnd thet duditmhalldaesst one
| oopi ng cor&pg\ﬁyed_val ue provided in step (2).

[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, 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.

{0030] 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.

[0031] 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.



2. The nmethod of claim 1l wherein the package data provided in step (1)

i ncludes at | east one of (a) CAD data related to the sem conductor package
and (b) paokagesgaba derived using an online teaching retensnee/0s30st em of
the wire bonding nmachine. 3. The nethod of claim1l wherein the package data
provided in step (1) includes at |east one of sem conductor die height, die
pad | ocations of a sem conductor die, |lead |ocations of a |eadfrane,
relative di stances between first bondlgg | ocations and second bondi ng

| ocations, a wire dianmeter, and a Wi T e type. 4. The nethod of claim1l
wherein the at | east one | ooping control value provided in step (2)

i ncl udes afyhheasiaimee of (a) a span length of a portion of the desired wire
| oop, (b) a pull strength of the desired wire loop, (c) XYZ locations of a

kink or bend in the desm%tmdrcgf&g%pqa(m daotp @%n‘éﬁ?& gﬁrcﬂegl stic of the

desired wire | oop, (e) sired wre loop, (f) a
wire | engt??m'FP“PH@OBW?QSdtW ’f‘%thP%é‘ii“pr(ﬁ)g tﬁe\ﬁﬁelpéc’f ength in at least a
portion of the desired wire loop, (h) a die edge - 13 - cl earance val ue of
t he desired wire | o6, providing pse@on dath galdted|te sheaseodcondliater mickadeaodesi r ed
wire | oop, wié hofii@RGi; at least a portion of the desired wire loop, and
(k) l'oop height ranges for multiple wire | oops to be arranged above one
another in the senl g&ductor od of claim

1 Wherein the at S8R SERBHEIME owping co0up 25 8oTeHA X ar TR o)
i ncl udes aloop ke wowéﬁooﬂtnga)acamemnerat lepsti anefienping qontrp! vetuednaudingsatl ue of t he

desired W jegstla086b hagrt valuk raBteads et @llréd wREGRpf or a pul | strength val ue of
the desired wire | oop.

(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
fooping parameters 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 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 provided in step
(1) includes at least one of (a) CAD data related to the semiconductor 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 least one of semiconductor die height, die pad locations of a
semiconductor die, lead locations of a leadframe, relative distances between 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 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, (¢) 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) a wire length in at least a portion of the desired wire loop, (h) a die edge



6. The nethod of claiml1l wherein the at | east one | ooping control val ue
provided in step (2) includes at | east one of (a) a lower |imt for a wire
sway val wgoebioizs22desired wire | oop, and (b) an accept albcg/usang®3foer a wire
sway val ue of the desired wire | oop. 7. The nethod of claim
1 wherein each of the at |east one | ooping control value provided in step
(2) is provided as at | east one of (a) an upper limt of the | ooping
control value, (b) a lower Iimt of the |ooping control value, and (c) an
acceptabl e range of the | ooping contfdf “val ue. 8. The et hod
of claim1l wherein the at |east one | ooping control value provided in step

(2) is proMksgrkeWatuetor Shdiiré@lvirk MoB! {iP& Second bond clearance valu8-of tHae et hod of
claim8 wh i_nt

rein th r aphi cal rtace jncludes a di agram of del wire
oop. wher <4 B0t BB G fie oAb Rary Sarif e et g odoh pit Dodiee by
varyi ng chbegigittrengestforosultpletine ldbrsde deautndddeabpvrieie atother Irothp.
10. The methoebrRlictel pidtde. Wherein the | ooping parameters derived in step
(3) include at | east one of (a) a tool trajectory for formng the wire

| oop, (b) bonding energy paraneters to.b | ied by a transducer of the
w re bondi ng machi ngg (cppebrgﬁ |°ﬂ§F§1 'FncleWgsrr%gnrr)rtgfeag!sea%(toonﬁéoogbn Icloéﬁmby t he
Wi re bondi vRjusereride@in step (2)iinalysigs phieaskone o6 (2) @l lawerdinibfose pub skendihe of

bondi ng engdigyofahe dbardiwig 166y, 6Rd (H)eh feesptiilgrdnge Forsne@dtdrhgth@iualor | east a
portion Ofth%avé‘sireedvl?i?en%' ng cycle to formthe desired wire loop, and (f) a

wire clanm p05|{|on du??'ng at least a portion of a wire bonding cycle to
The nmethod of claim1l

formthe desired wire | oop. _ 11. (
wherein the derivin§ of THeMEBSBChe2iTht #hefesy Sejah legfteme(apingfontitles
derivi ng avdluapecided in dtep (10 indidesaeidadiyona ob e di logertipat for B viikkeswlagr mat i on  of

the desireg, i ik 08req vielo, 238 (1M az@@g)%féngg T Nite MASTRI dr B

deriving of t | oopl ng parareters’in st rncl udes usi'ng 1 oop nodel
dat a st or e@eSi"Rd WHE !199Pr e bondi ng machi ne in connection with the algorithmto
nore cl osely approxi mate the | ooping paraneters related to the desired wire
| oop. 13. The net hod 7of cTiad meth2d whdaiei hwhhrein exgp ofrtaalt ladat enei loedingles

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, and (¢) an
acceptabie 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 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 energy parameters to be applied by a transducer of the wire bonding machine,
(¢) bonding force parameters to be applied by the wire bonding machine, (d) timing
parameters related to at least one of bonding energy and bonding force, (e) bonding
tool speed during at least a portion of a 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
form the desired wire loop.

11, The method of claim 1 wherein the deriving of the looping
parameters in step (3) includes deriving a trajectory to be followed by a bonding tool in
the formation of the desired wire loop.



data stored in a | ook-up table of the wire bonding machi ne. 14. The net hod
of claim1 wherein the deriving of the | ooping paraneters in step (3)

i ncl udes welenorizsgoa wire | oop type to formthe desiredpeoirs20100850615. The
met hod of claim 1 wherein step (6) includes conparing the actual | ooping
control values neasured in step (6) to the at |east one | ooping control

val ue provided in step (2) to determne if the actual |ooping control

val ues are within an accepted tol erangz | evel corresponding to the at | east
one | ooping control value provided in“Step (2). 16.The nethod of claim 15
further conprising the steps of: (7) varying the | ooping paraneters using
an al gorithm and (8p. f ore mgtnaa@ta@lh WinherelrO@p désving ot the 196aimged | oopi ng

paramet ers arameters newn?%o %2 inc ude:f u%l%l]égp W%%% ciapa sstgree% in he)wu£ gon%r e repeated

for succesSive WT ntro al'des measur ed
in step (6agee wqonnﬁctlamwatbéreq)@e@r'th@lternmeélmseéwewpr@oma@stbgmpwg to the at

| east one pHopehrss RMdd @ thy abdiRdWiRMbsed i n step (2). 18. A nethod of
determ ning | ooping paranmeters for fornmng a wire loop in connection with a

sem conduct or packaqg‘ t?i’?e rrrﬁgthBQQf 89%3{2 @hé}gln thglo%b%po%epaata includes

data stored in a look-up table of the wire bonding machine.

14. The method of claim 1 wherein the deriving of the looping
parameters in step (3) includes selecting a wire loop type to form the desired wire loop.

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 control values are within
an accepted tolerance level corresponding to 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 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 bonding parameters for forming a wire loop from
loop mode! data stored in memory, the initial bonding parameters being derived at
least partially based upon the package data provided in step (1).

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 to the wire
bonding machine before step (2), wherein the initial bonding parameters are derived at



(1) providing package data related to the sem conductor package to a wire
bondi ng machi ne; and (2) determning initial bonding

par anet erwof2010/f3812001 ng a wire |l oop from | oop nodel datapstrarsesioioBsogenory,
the initial bonding paraneters being derived at |east partially based upon
t he package data provided in step (1). 19.The nethod of claim 18 further
conprising the step of (3) providing at | east one | ooping control val ue
related to a desired wire loop to the wire bonding machi ne before step (2),
wherein the initial bonding paraneteféSére derived at - 15 - step (2) at

| east partially based upon the package data provided in step (1), and the

at |east opR I@p&ué&tgmﬁarmas\é@hy& PeQetidRd dbfa bABediR)step (1), andtheat  20.
The net hod o? e step of (3) providing at

| east one f5’8tp?"ﬁ °C%,p(')rf'9(‘f‘)8Fr°k/"e?lﬁl?é’rP %{Jt'g&pe%o(%g desired wire loop to the wire
bondi ng machi ne before step (2), the at |east one |ooping control value
including at |east &% oobrh%éTeb’WF of dpie 1§ &irthee Ry isiNecthg 8€Poedwi re | oop,
wher ei n t herovidiidg atlled3066H 138pi PR bR €41Ge RlRedlRN 4 Y&Te@ivira i@ tb 2e aire | east

partially Base MB& t@e??r@ e{éﬁé? tﬁ@%ﬁ é%"é?o%ﬁm' Qggsﬁﬁl?/a&%)mcn%ﬁ‘n% ghe at

| east one [oopi con 21. The
met hod of 28 ﬁﬂoflllh?'ehlt\f?éfe r@@ﬁﬁﬂ'ﬁosth?]@esﬂrﬁéwﬁéﬁ?pofv £'3in the s ibAgdiegh oper at or
of a wire polfietds BRCIrin&d at@tepa(tdlat le@ﬁadanmy@ag@igﬁfodltﬁ@p&ks@sw@d wre |oop
e Or & 5 Bref b P V1LY SO BlaBPLSl A0 R SERLEL § B ler ved at

step (2) a east ase u rovided i n step
(1), and the additional data rovi de_d bg the operator in response to step
(3) 21. The method of claim 18 further comprising the step of (3)

prompting an operator of a wire bonding machine for additional data regarding a
desired wire loop before step (2), and wherein the initial bonding parameters are
derived at step (2) at least partially based upon the package data provided in step (1),
and the additional data provided by the operator in response to step (3).



