- -1 - METHOD OF CONTROLLI NG THE TRAJECTORY OF A

. BONDI NG TOOL DURI NG THE FORMATI ON OF A W RE LOOP
CROSS- REFERENCE TO RELATED APPLI CATI ON [ nonThi s
application clains the benefit of U S. Provisional
Applzbesasi’on No. 60/ 863, 148, filed October 2PCT/EERE/082482
the contents of which are incorporated herein by
reference. FIELD OF THE | NYENTI ON [ 0002] The present
invention relates to wire bondi ng of sem conduct or :

METHODERE CONTRQIIING THEt TRAJESTORY QFA BONPING TQRRL RYRINGHEHE
during the wre bporMAGION OF AYBIREBAGKGROUND OF THE '
| NVENTI ON [ 0003] I'n the processing and packagi ng of
sem conduct or CRIzSS-REFERENCE €O BEIFGEDGPRIGDATIONES t O be

the primary met hod of providing electrical o
[PRDE] conriBia FHeHeT deien DaBeTeBati-B N fprication No.
q02RE3UB, (iled QctobdrX7Y\R@0E, shakiodtepathf ofhich againtoemnatiad haein by
Jafingld a lead of a leadframe). Mre specifically,
using a wre bonder (also known as a w re bondi ng
machi ne) wire | oops re® doTHEMNVERTIOREN espective

| ocations to be electrically interconnected.
[0002] The praesent invention relates to wire bonding of semiconducter devices,

and more particularly, to controlled motions during the wire bonding process.
BACKGROUND OF THE INVENTION

[0003] In the processihg 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 khown as a wire bondmg
machine) wire loops are formed ‘between respective locations to be electrically -
interconnected.

{00047 -  An exemplary conventional wire boﬁdingrsequence includes: (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.

Jo005] When extending a length of wire between a first bonding location (e.g., a
-die pad) and a second bonding location (e.g., a lead of a leadframe), a series of
motions of a bonding tool which carries the wire are performed, where the motions are _
intended to provide a wire loop having a desired shape, length, etc. Included in the
series of motions of the bonding tool are typiéélly certain “arc” ‘motions. Maintaining a
proper arc between two points during loop formation is desirablé, and if the arcis not
' properly maintained a number of problems can result including wire leaning, wire
buckling, and uncontrollable location of a bend in the wire. Thus, maintaining a proper

arc between two points du‘ring ioop formation is desirable.

, {0006] Conventional arc motions are provided to a wire bonding machine in the
form of data from predefined look up. tables or the like. Such predefined data may also
take the form of a few predefined (i.e., fixed) time based position functions.
Regardless of the actual form of the conventional methods of providing an arc motion



[ 0004] An exenpl ary conventional w re bondi ng sequence

includes: (1) formng a free air ball on an end of a

wire extending froma bonding tool; (2) formng a

first bond on a die pad of a sem conductor die using

the free air ball; (3) extending a length of wire in
- a desired shape -between the die pad and a | ead of a
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[0008007] Thivecording wOfy mowé agpeeli o by present mveiode terpis pvedded a

mefﬂ?& had®rfin d§ gﬂﬁn&er ﬁﬂte‘?&)tn%éﬁoﬁfbe@wﬁz@ennﬁ’tﬂrgtnﬁondmg

awre |n t rmation of a wre | oop, and
locpt@ingandch wcmgi bmdmgrigcat@nrﬁ@sﬁemswwm depicg Mging a wire bonding

ma&h%f—l’}ﬂ;:l Dhod comprising the steps of: (1) forming a first bond at the first bonding
location with a bonding tool such that a wire engaged with the bonding tool is continuous
with the first bond; (2) extending a length of wire from the first bonding location toward
the second bonding location, step (2) including moving at least a portion of the length of
wire in an arc motion, step (2) further including determining a trajectory of the arc
motion, the arc motion being between a first point and a second point of the trajectory,

the step of determining the



[ 0008] According to a first aspect of the present
invention, there is provided a nethod of determ ning
a trajectory of an arc notion of a wire used in the
formation of a wire | oop, the arc notion being
between a first point and a second point of the
trajectory, the nmethod conprising the steps of: (1)
defining a pivot point mﬁtﬁarespect to the first
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6%9 According to a second_aspect o %WF present

tha'F 'ih?é‘ﬁ’ﬁl%?Pntlf*H‘é%séi’qI% therttingad (thgasRBd ¥ - f or i ng a
wire loop to provide interconnection between a first
bondi ng | ocation and a second bonding | ocation of a
sem conduct or device using a wre bondi ng machi ne,
the nethod conprising the steps of: (1) formng a
first bond at the first bonding | ocation with a
bondi ng tool such that a wire engaged with the
bonding tool is continuous with the first bond; (2)
extending a length of wire fromthe first bondi ng
| ocation toward the second bonding | ocation, step (2)
including noving at |east a portion of the length of
wWre in an arc notion, step (2) further including
deternmining a trajectory of the arc notion, the arc
notion being between a first point and a second point
of the trajectory, the step of determ ning the 2a
trajectory including: (a) defining a pivot point with
respect to the first point and the second point; (b)
determining a plurality of data points for generating
the trajectory, each of the data points including a
radi us value and an angle value as a function of
time, each of the angle val ues being between (a) a
first angle defined by the pivot point and the first
point, and (b) a second angl e defined by the pivot
poi nt and the second point; and (c) converting the
plurality of data points into trajectory data that
may be used by a wire bondi ng machi ne; and (3)
form ng a second bond at the second bonding | ocation
such that the wire is continuous fromthe first bond
to the second bond. 3 [0010] The net hods of the
present invention may al so be enbodi ed as an
apparatus (e.g., as part of the intelligence of a
W re bondi ng machi ne), or as conputer program
i nstructions on a conputer readable carrier (e.g., a
conput er readable carrier used in connection with a
wi re bondi ng machi ne). [0010a] According to a third
aspect of the present invention, there is provided a



conput er readabl e carrier including conputer program
i nstructions which cause a conputer to inplenent a
net hod of determining a trajectory of an arc notion
of a wre used in the formation of a wire | oop, the
arc notion being between a first point and a second
point of the trajectory, the nmethod conprising the
steps of: (1) defining a pitot point with respect to
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100111The invention is best understood fromthe
foll owi ng detail ed description when read in
connection with the acconpanying drawing. It is
enphasi zed that, according to common practice, the
various features of the drawing are not to scale. On
the contrary, the dinensions of the various features
are arbitrarily expanded or reduced for clarity.
Included in the drawing are the follow ng figures:
Fig. 1 is a diagramof a wire |loop profile
illustrating a plurality of exenplary arcs for which
trajectories may be determ ned in accordance with an
exenpl ary enbodi nent of the present invention;
Fig. 2Ais a side viewof a wire |oop fornmed using a
| oop profile simlar to that illustrated in Fig. 1;
Fig. 2B is a perspective view of a plurality of wire
| oops fornmed using a |oop profile simlar to that



Fig. 3Ais a diagramof an arc notion of a | oop
profile of a wire | oop in accordance with an

exenpl ary enbodi nent of the present invention;

Fig. 3B is a diagram of another arc notion of a | oop
profile of a wre loop in accordance w th anot her
exenpl ary enbodi nent of the present invention;

Fig. 4 is a di agramillustr%‘ting an arc notion of a
rad\Msr‘%hL.eom érpﬁlf%sg vhile 36 GOfufl@fCofMithé) cAbh X eiPAiile/ values being
nmbodi nent o vided in
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DETAI LEDFLESARL PIiieWof Bkrd NYEfil using a loop profile similar to

that illustrated in Fig. 1;

Fig. 2B is a perspective view of a plurality of wire loops formed using a
Joop profile similar to that illustrated in Fig. 1;

Fig. 3A is a diagram of an arc motion of a loop profile of a wire foop in
accordance with an exemplary embodiment of the present invention;

Fig. 3B is a diagram of another arc motion of a loop profile of a wire loop
in accordance with another exemplary embodiment of the present invention;

Fig. 4 is a diagram illustrating an arc motion of a wire loop formed in
accordance with an exemplary embodiment of the present invention provided in
_comparison to an arc motion of a wire loop formed using conventional techniques;

Fig. 5A is a graphical illustration of the change in angle versus the change

in radius for certain exemplary embodiments of the present invention;



[0012] According to an exenpl ary enbodi nent of the
present invention, a nethod of providing arc notion
trajectories is provided which invol ves conputation
(e.g., real tdnme conmputation) of the trajectories,
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[0014] - For example, if the starting location (e.g., the start XYZ location) _and the
end jocation (e.q., the end XYZ location) are an equal distance to a selected pivot point,
the trajectory may follow an arc where any point along the trajectory will have
substantially the same distance to the pivot point according to the present invention.

In another example, if the starting XYZ location and the end XYZ location are not an
equal distance to the pivot point, the change of radius along the traJectory can be

provided accordlng to the present invention.



[0016]Fig. 1 is an exen‘pl ary | oop profile diagram
including Arc 1 (i.e., an arc notion shortly after

1st bond), Arc 2, Arc <3, and Arc 4 (i.e., the arc
notion fromthe top of [oop to second bond).

COr20e8/051e arc notions illustrated in Fig. l’_EZTg}SéOO'TIOSMSZ
exenplary in nature and different and varying arc
notions are contenplated. _Eigs. 2A-2B are side and
perspective view illustrations of wire |oops forned
using a loop profile simlar to that illustrated in
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owever, in ast
Tl NGzt 200); Sugh g’ arg i Bireefcly EIE‘P,[?r %s‘naé‘ ' Plg of an arc
wighse B8jetterynan beaasulatet acchiding joghe preserfidnveplianst r at ed
exanple, RA (i.e., the radius |ength between the

[fblo‘iﬁj poi Ifié e afdidgpdm pdndtheAbrcirBotiva 318 @Eialood @rdRie(of a wire
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arc trajectory is determned using: (1) the radius to
each of point A and B fromthe pivot point On this
exanpl e the pivot point is the origin), and (2) the
angles OA and OB. In this exanple, the angles are
calculated fromthe Z-axis (i.e., the Z-axis is an
exanple of a reference line used to calculate the
angles). Thus, QA is the angle between the Z-axis and
RA. Further, On is the angle between the Z-axis and



and OB. [00201Wth reference to the exanple shown in
Fig. 35, in order to determne the actual trajectory
of arc notion 310, a tine based function may be

applied to.certain known information (e.g RA,
ARO 2008/0509 AO). For exanpl e, the radius as BCT/US2007/082482
function of tinme [i.e., R(t)] and the angle as a

function of time [i.e., O(t)] may be determ ned using

expressions such as those provided below R(t) =
(RA)+ (AR*P(t))Equation 1 O(t) = (0A) +

$rND tal{rio) thEY @ xix) N hdweveh dr eonRast)to theare dlusiraled e I%”ﬁnﬁ'é
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fha meditisoRath delavepn thedto APiReandHREHRSAoBE |) n V\:hl ch the .

change in radius and angle is tote effected; O(t)
rooodsent slotelwpediialyg &id. AB illustraing be eXempdary dedired SRRAQE for
1P a‘%ﬁglh gl@ tW@&ppM@M @\)heﬁf'th@ dfeéir@@tab&'ﬂajélftcr{/llsmbtermlned
and 2Q s the ch aq—.oe A d ﬁ” h lvot hls alﬁ{:lethe
07 §B) EE FRAV IR EPTeRT £ APT %(P)'“ P ERes
@eot greipt isdtle bugin), hed () venarmlas haanid - étfmt:h"-‘r %?ia“lph—'ethe angles are
c%l%ﬁfété‘d' forR BRI 2-6.8% (1Q-thé B- aﬁ(@?ﬁ an bldipidersadretdnae tincned to
ven i,
(agzglar% %‘F aﬂ%]] 3% Lr&? ?A |§a{h8 é’IHD[ batr&le%ﬁ ?Aeefg)%!‘. EI%S ;g%s?gs, By is
thaandie betweers thee-axdis @t Je. SallnAd i thq W@asae 'Pé|nalﬁb6?1V§ﬁ" Ba
Maiggt s between R(t) and O(t) (e.g., curve 500 in Fig.
5A). [0021] An exenpl ary method of det ermning a

%§b ed a‘FVFth Ll t()'th(.eexantphéesrgﬁﬁhﬁ ﬁg‘ jE’f @ &@E%)ﬂe&f‘mme

e wre) LS ref g]ertam
b SeHel e T LR P G oot STERAY e B
Khen inforination $e.gle B RshER1 4andd, d¥dis waexemehptfarrw"sﬁ @@sfunctlon
Jf’@i%v[?é Rtt§] dndl tH@gﬁd’E@éQ@ﬂmEM of tIARS®e.S BRNPmMay Be determined
exenB at u51 e / 057776PCT/ US2007/ 082482
using expg HEhETeRe ‘Fﬁiﬁ’ & oni tted, added, or
changed W t h| n the scope of the present invention.

Further, the &Her (ol ”*éé'i"fpéf)h of the E8t398 Iy be

changed within the scope of the present invention.
A6y = (Ba) + (AG*Q(L)) - Equation 2,

where VR(t)' represents the change in the radius (i.e., the change in radius between R
and Rg) as a function of time; AR is the change in radius between R, @and Rg; P{t), Q(t)
are time based functions used to determine the manner in which the change in radius

- and angle is to be effected; @(t) represents the change in the angle (i.e., the change in
angle between @, and @) as a function of time; and A@ is the change in radius
between QiA and @e. Of course, the functions P(t), Q(t) are to be selected as desired for
the given arc motion and for the specific application. In fact, time based functions used
in convéntiona! arc motion trajectories may be used for P(t), Q(t} if desired. In one
exarnple, P(t} can be the same as Q(t) so that a linear re[ationéhip exists between R(t)

~ and @(t) (e.g., curve 500 in Fig. 5A).

[0021] An exemplary method of determining a desired arc motion {(i.e., the

" desired trajectory of the bend in the wire) is now described with reference to the
exemplary arc/trajectory 310 shown in Fig. 3B. The method is described in terms of
exemplary steps; howevet, it is understood that these steps are exemplary in nature,



[0022] Step 1: A pivot point is selected. An exenplary
pi vot point nmay -be the XYZ |location of the bonding
tool tip at the first bond. Another exenplary pivot

poi nt may be the XYZ | ocation of the bonding tool tip
afwtoemetiserzehort bend formed after first bondPquAUS3007/082482
Arc 1 in Fig. 1). Another exenplary pivot point may

be the XYZ | ocati on of the;)ondl ng tool tip at the

end of the heat affected zone of the wire. Any of a
nunber of other pivot points may be sel ected. For
andodepthim, stdpa engyi beaimipad, atidedayr dengel wdirethesespedf tre present

In@&kgﬁ S Fm e oH%?oWethmlog B Heps PR BB ah R iIH he scope

wre, the die height, the properties of the
%tP“epreé?’E inveptiong exenplary trajectories illustrated
in Figs. 3A-3B, the pivot point is the origin (0,0)
{99221 wo- Slefrdn gt BiMell POt &rfe egirdZAn exymplgyPEEL PPipt fay be the
XNEI6¢=EbA afltht baliding Goip &dhé fis} BaidorAnotiay exeenplary pivot point
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(f(ﬁr)eandl‘m ﬂe:hsqoeceﬁf, d¢hiek gimensiopal RAIBor gther Bivef Ron (HiY,2) may
HelsdRcteiCr ements, a value for the angle (e.g., a value
of the angle 0 between OA and OB) and a val ue for the
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e is provided in two di nensions;
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cont enpl at ed. [ 0025] Step 4. Convert tinme based ﬁ’g
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coitemplaiedent i nvention is not limted to this

i npl enentation. For exanple, the determ nation of the
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ific ne ol |
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eXathpIé, &his by lHa64 L), (IE afteS(ty. EThub tejvidgtkis Yatdptie Wesitddtenjectory
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%ems i ncluding Cartesian coordi nates, polar

coor di nates, spherical coordinates, a conbl nati on of
t hese coordi nate systens, anongst others.



[0027]Fig. 4 is a diagramillustrating a trajectory
determ ned in accordance with the present invention
(arc 410 which i-'s shown as a solid line) along with

an exenplary trajectory (arc 400 shown as a dashed .

| woedospirate was sel ected froma conventi onal PICE@E%%WSMM
table. As is.clear in Fig. 4, the conventional .
trajectory (the dashed |ing 400) does not follow the
desired arc notion (the solid line 410). Using the
conventional approach may cause problens such as wire
foo2&] i ng wihit: the erarcrlergesssisidoabodiufien Gtaph d -4ric consertion. with
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resen | nve certaln re
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B%Bsfé dflmae ih b i&orberRiht KLIR Cltd 1DajBcory, tthe aotghl @@je):tomdetenmned
%%xeﬁg{tiarg eﬁ{bgﬂmﬁt gfqge?b"esc{n@ ﬁ\(}ellitmﬁ corresponds to arc
|ons h

ange in angle versus the change
445n(aFeQEIPQ§§d WI T 4b@ Previously desgebed). |'j ne segnent 500
shown in Fig. 5A. In such an exanple, the radius is
[onR9]cont Asinddted abave, imatriarexefmplary cipdinanthefidhe giesent

mt;g}ﬁ:oh eﬂh@t—écﬂm&@bé §on~:ﬂoﬂ§ﬁ‘fs a ﬂdﬁ&ﬁ)\‘l%ﬁ’ an sw@wa Thish@&Hbe
relationshi gtges ar ¥I Pw r des ibed herein with

eqhadieddn iy er ¢t waayce Rramplas poviie 3rdvBscrine

N$p@¢EEwa§AﬁﬁsS through a certain point (e.g., a

third point such as point Cin Fig. 4) even though
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olnt Is c osen to
Rebéormmlu @é@ﬂ@fwvtqﬁ‘éwmﬁﬂéﬁféwpfﬁﬁ“t WH%‘H'%IIE‘ Ppreelary
addi tional points are chosen to be included in the
trajectory) the relationship between the change in
radi us and the change in angle nmay beconme non-Iinear.
For exanple, in Fig. 5A, point 510 acts as an
i ndi cation- of the changed rel ationship when a third
point (e.g., point Cin Fig. 4) is selected to be
included in the trajectory. In fact, curve 520 (which
passes through point 510) is the new relationship



function of an angle O other than selecting a third
point (or nultiple additional points) to be included
inthe trajectory. Figs. 5B-5Cillustrate certain
addi ti onal exenplary enbodinments for controlling the

r s 20es/08%7@ function of an angle 0. [0032] AsPCT/US2007/082482
descri bed above with respect to Fig. 5A, Fig. 5B

again shows |ine segnent 5Q0 illustrating the

exenpl ary linear relationship between the change in
angl e versus the change in radius. Al so shown are a
erabrdignertd ofdhé presenirimvestidldhersd 4 Ogrtaim tklBB0shipTis@pplied to both
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z(t)J.



[0035]OF course, different or additional steps may be
provi ded. For exanple, the nmethod shown in Fig. 6
could include a step of defining a third point "C'
between the first point and the second point (or a

t Mo shopsrnt and a fourth point, or any of a FATAER26079§2482
addi tional points, etc.) through which the trajectory
shal | pass, where the step fg defining a third point
occurs prior to Step 602. I'n such a case, additional
paraneters may be defined. Such paraneters may
ivasldnte chdnge irexedinp) sch Rat ghectrel@ionsp bebiees ghe argngryn@angle
LR Fh‘é Rddlin }éa@mg% KERHYdr ihérd change in the

appli.cation the exenplary time based functi ons

gﬁﬁhgggd a'(}te R PadPaaram 1 TraBASE &eth%e Gf aﬁg@ FHER r@Rctory

of imRic mogipbYe] wirg eBgd) fie feratien BEWEp lboR In fé%’mcawh an

efdaﬂﬂhraambw;ménttdﬂ ehep;b’reﬁ‘e!aﬂtnvélftmen% @rundengtooé byretidse gglled in

g‘re 4O ?t)%sr Ecl%c?e%ﬁﬁ tllieqf 4rgr¢1 rhé}tcl:%ro?ﬂﬁébe C:Ehém additional
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Stween a on and a second di ng

Ftse%m?bta@ ¥ided; andiihe BH’&U ek 5 Stes MK be akigrgd Zomth E‘e" er
ostehitedt) Ataedpiaoe, a bivbt poraripdfined with respedt tththe firsiploint esd the

% rgﬁgo%ﬁs ol exaﬂra?:;)e, trplflén E%Qh@ prO{ bcﬁrﬁtls @a‘?’ﬂgd fibetthe oifl |ﬁ Sht

[ ocation With 8 %a[fo Fﬁ%’ ghe\%_ Mg,
SRRy a&%a RRElY Pﬁ@%ﬂﬂﬁ?@e oI o RRPIRIBe SR T Hie
biargle, bofigl 3Behg plurality ebdatpbainty réfensde a bt o polnbalonararc
#o. tdaen bithe H&Q'E:Bﬁg ingﬂdd%fa IWHﬁJE vhI0© Brdlatlar@ROvalue at a given

sem conduct o
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leas; aR(Eomdtdiyhr Badhins thecensirvaliss de-ag ABLa Opigigen éﬁﬁd’ f”('?:;)E'“El'e
‘ zﬁéﬁhéﬂ sl,gtha pﬁ@em.dt Hande Aist phier @aLONIWIETE defhell 09 alid givot
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pleanty opd®a pdiftsHhe vbhvertedingstrajdetdy. datt thpt 1) be et by @svire
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ectory the arc
soatAingtes seeasFAfiEs a?%a%% s fb\ﬁ“i“ﬂ" PHEME 5%%?‘1‘?@? wire
tediey matEngmay use Bejedodatateinanbthet Hiffenaatt fooal [Stho Gertdsian
nglgjlna%suéhog%ﬂ)ﬂ@) ard 3§12 bl ock diagram of an

exenplary data transformation used in the

[\%%%gf us eg&ﬁ ﬁﬂ?%fd: rteﬁta r%%&r?r%l gteangﬁla\‘?r)g gw{jé@ nFonexﬁnple,

or m
the owsthed sbawnin tFe- &rrosiddimidgrastemefoigiitian e t'U'F' ROf{ "C" between

thé ﬁ&@ﬁﬁlnﬂ dhd @ $eeBnd F3intC@LIE Sifrd milift@hd d aduath point, or any of a

r{uwe | ofoad |E)rlma? Bglﬁe f gtcc)qmo%gp Lvﬁkﬁ Qhev\féégg t&}ytsgaﬁl %99 Réh ePe.f the

nven | On g
a0 daliming 3 NI mORE SEFTBTAl de StepidZy Jusuich Gﬁa%fata%d'?‘?ﬂa‘

ﬁaPeﬁnééi'ls ﬂﬁ?ﬂbd dpfineat  queh Phrafrietes maPicludPl?pr examglePRz3nd @c. Of
cg(’%g}u' a%h‘ma?é B Wyl rdslf .2 PRINGL inthe SppicANon oftheABdmptary

econ 0|nt
e ba&?ﬂjf”mgwﬁs deseriperhetgin dpPe HEIRARE] H” |°§s S‘é’é asf i §"d Qm
ddedridediin dohmeeton/@ith Boudtidns Elead 2 abovel.ne position data
of each of the pivot point, point A (i.e., the first
(88581 ) - %d:le@f?i'b@@ abbvel eﬁmplér{}‘@mﬁ@&ﬁ@ﬂs B@th@tp}eselﬁtmventlon

bl tat LI -h
niuawgbeld'g@ﬁ qs(?lt'] o%lg{ang v%genléogs ttgﬁarow ln aerc:r:mn a%nr l?eqYleein P r%%

bphding logasiontand & lsecohd rbgndtmalomtlonamﬁa S@m@@@é@héﬁ\wuqﬁw a wire
bBAGN R8Itk 6Qr bk, saen & h%tfﬁddraﬁéludeametﬁedaef VR orining a

pi vot point and the first point (i.e., in Fig. 3B,

RA), the first angle which is between a reference

line and the first radius (i.e., in Fig. 3B, OA), the
second radlus bet ween the pivot point and the second
point (i.e., in Fig. 3B, RB), and the second angle
which is between the reference |line and the second
radius (i.e., in Fig. 00. [0038] At block 720 anot her
data transformation has occurred. Mre specifically,



- 12 - [0039] O course, if additional data points are
predeterm ned for inclusion in-the trajectory (e.g.,
athird data point "C' as described above), then the
data transformati ons shown in Fig. 7 would change.
acwomrock/asglry. For exanpl e, bl ock 700 coul d al BEH/US2007/082482
i ncl ude the position data for the additional data
point(s) [e.g., C, Cy, and,C ). Likew se, block 710
coul d al so include radi us and angl e information of

the additional data point(s) [e.g., Rc and c].

f60 40 dwhithefirsielrangding legidonpiitry § bendinsdioptesvek thet a wire engaged
iR %monhﬂyw is%nﬂnddo%ﬁft@t@r&&foﬂd Kle 4, an Iéf:@Ndlzd'? ¢lrst Bond is

%g)w %’g lrftf:r%?rgneﬁtﬁo&le ?g&rgo%)ptjh ?ﬁ% |cé)rn:lucﬂoE§|e Iééshown in
Figs. eZhif)lf 6 exandiogH lenatl O%Wb%ﬁPfﬁéh‘f @%'@ﬂ'\qg‘gﬂ?ﬁ%@ toward the

Qécﬁﬁﬂﬁdrﬁﬁr‘é lockfidn; &%anpl esmihd1e s&dohl 8ncldttha setortl Fonging Matation
s ch thaq ‘th wrre ¥. r?tmuV\@s 1% ml?ﬁ%f rgtnl?dnd %‘k Jekon% b’onef\'glet%
al on and

-aX|s owever, curves
@ﬁm gason bqridgs srz?vwa'g/ ataﬂ'gd"tésmwmcvwa"fy""&!?@ 120 and
RadEmRento show®in Figde-Dusves(2rmdudzd mndng at leashagbion of the

%H thQJE wiDfh é%aé}g}notlLrQ QV‘]H]e]'eT{Fl@ tFa?é?:FUH QH%§ a@m&%‘ﬁ ridyaseent

I on | enent in umbe
atera e EoIEBraHED th@&?ﬂt@%&ﬁﬂ?f&*“ (€ é‘EﬁRFﬂaai?e‘%'%@ﬁ
tethod shiannl ir@figos).an exi sting conputer system server as.
software (a conputer systemused in connection wth,

o379t ear gl eflis\W Bibtk diagWén 6f S0P ryraSH itRajforntaibih hexd, in the
SN ERE0Y of BB 438 R Bodd Wi pemuﬁrﬁ.{he 5&&9994 & a wire

IO? 0

| Ca
ha@wacmfdw«s with ﬁa&rwmw@u&?weegﬁfmh% PregeiiRteptioy R gourse,
dthadiseNeyhstoimbtics an@cbintimplabd withihthd sdope billle gwention.

ﬁ&%”%géald Q)SI-%J l’bcra{ QIQ% A tg?] gat%%ﬂﬁ%t%ﬁ iff e8¢ B8 position data for

I nstr | ons r e ate
thecaieqted eHS G (i Fon AP PP S PAPE e S Point (2. A
Agsat Aand pesigorndath fdn thedeeoreihmantt(be.s Po difand B). In the example
ﬁ&nstss thlst. J:'I‘Q:a 'aE‘Big&t TR Wduid Aite the RESGbrt ditd6F each of the

goind
R PPREAPEAL Sl ECERED. PR PPIE. BOLH 6 DY Rt ok
Bldopestatransfamgtorohasagairied ie thas thyf pasitien dptai (aeg- dhriposition data
Wehd it pGﬁP akd ARGt B&lﬂ”hﬁdjﬂ\els%mdo@lﬂ) has-bedBused W @dfink She

rst ratl%es between the pivot point and the first point (| e., in Fig. 3B, R,), the first
angle which is between a reference line and the first radius (i.e., in Fig. 3B, @), the
second radius between the pivot point and the second point (i.e., in Fig. 3B, Rg), and
the second angle which is between the reference line and the second radius (i.e., in Fig.

3B, @s).

[0038] At block 720 another data transformation has occurred. More
specifically, a plurality of data points have been determined for generating the
trajectory, where each of the data points including a radius value and an angle value as
a function of time [e.g., R(t) and @(t)]. For example, these data points may be
determined by applying a time based function as illustrated in the exemplary Equations
1 and 2 above. At block 730, the data points (including a radius value and an angle
value as a function of time) are Convérted into trajectory data used by a wire bonding
machine. For example, the data points are converted from polar coordinates {e.g., R(t)
and @(t)] to Cartesian coordinates [e.g., x(t}, y(t), and z(t)].



1. A method of determning a trajectory of an arc
notion of a wire used in the formation of a wre -

| oop, the arc notion being between a first point and
a second point of the traj ectory, t he net hod

cwopRpis®sTIgs t he steps of: - ((1)PCTATSRAGT P82
a pivot point with respect to the first point and the
second point; 42. (2) determning a

plurality of data points f or generating the
trajectory, each of the data points including a
[0RaPlis vabteussedif arndivang| daty adioks aaspraddtemarddoiar Belusion in the

ﬁéj&%ry?@%h annrJl B&a%@ﬂ{ Q:”%@'dé&ﬁb%tﬁétﬁge)?%mwda(ta) a

r VO
Rod B 8 e 2ot ingles RerBRC £ Bk bshfoo
qouidrisodnaiuderibe pesitndiapdonthe aggigonal data po:nt(s) fe. g C,( §9 and
c;p nMEévhéeD Blokih 21 (PLduicBdidolifclste rd@afDingleSnionrhation of the

db i bond
add’ S{% g{%ﬁé?h?%oﬂmggfaiu?nel V\%e?e;mnrgt egn(llyg

|ncI udes definin the ivot, point tq be e
(B3I e bte B PP RIS FrenSEERe DETD Tustrated
Herelinaremedvided inf teb-dimen2iondl derai (#.a-hé ve. Xdin frigsy3, 38, ofd 4) it is
ﬁ.@%gtto% ttlHﬂ @I?éj@%%np PivEtRn @gﬁtghmafé?%nigadlfﬁkﬁi@ usidy thrBe
st an e_sale. od of.c
HeReR Erspbl R s Ao MRSt e A b e
dyucmlqnhla:tnlyt the., Mithge charigatalonadhe h@%bé‘@ﬁ@"ﬁﬁoﬁhﬁlcu%(?-’e“lo and

ﬂsfsﬁ@u.emtadﬂlﬁhw@se)&mra y-BRs eehponast (Rey e qaeiesimay extend

i3y LN o o%to(? E:olcf’agci aim 1 wherein step (3) includes
conv

[0041] The technigues of the present invention may be implemented in a '

- number of alternative mediums. For example, the technigues can be installed on an '
existing computer system/server as software (a8 computer system used in connection
with, or integrated with, a wire bonding machine). Further, the technigues may
Operaté from a computer readable carrier (e.g., solid state memory, optical disc,
magnetic disc,' radia frequency carrier medium, audio frequency carrier medium, etc.)
that includes computer instructions (e.g., computer program lnstructlons) related to the
techniques.

[oD42] Althbugh the invention is iII_ustratedr 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 depa::ti'ng from the invention,



plurality of data points into Cartesian coordinate
trajectory data. 6. The nethod of claim5 wherein the
Cartesian coordinate trajectory data points includes
val ues along the z-axis of a wire bondi ng machi ne and
akoh@gsdrrene of the x-axis of the w re bondeayus2007/082482
machi ne and the y-axis of the wire bondi ng machi ne.

7. The nethod of claim5 wherein the Cartesian

coordi nate trajectory dat alf)bi nts includes val ues
along the z-axis of a wire bonding machi ne, the

Whad Gaiffedt he Wi re bondi ng machine, and the y-axis of .
the wire bondi ng machine. 8. The nethod of claim1l
further conprAsiatopd dfeetermjningfa fapctensioben pisgnaetiopef p ire

uQéH AichRIMRRA of Beuide! 66, tmretnoa&dpéuﬁbeb@ewﬁﬁrﬁeﬂamt dn a
I snhe

sBcl;ong FTB@"E’%B@E%’ {he r_'i_?fﬁ g Qor&;ﬂ‘?sinb%hea&g;%rg%g The

met hod of(y fhanimh divtt bBRE witR FiRbé itd e iR psineBndihe (sddond
sel ect | ng at |l east one additional point between the

PPiFist poi nt and the second point in the arc notion,

wher ei n S(Eﬁge Ahinthe %mm%ﬁ&baego.mm@eﬁ@atﬁgeme t)ectory,
10. The J? ?alml uI er co Ctgf
e o 1) dRie BRINE GGG & (S VPG PO ARV S R 1 RE R of
tipiey edchpb ihetangle dralube bding betwpeni (#) 2 fodreeglaidafingg by t%%@'mtd’o'”t

aﬁ@q{elfﬁst%% nREhURE s SRE8ndhngi ddiPkdby BRaGivoR BoifEsiNte second
50|nt wherein step.-(4) is acconplished prior to step

8% andnd wherein the first angle (OA) is defined
bet ween ?ﬁf&ﬁ@é’rﬁﬁ&ﬁxeldlﬁal B\dgd(tb bihtslimd kidfecify d@Bthat may

wher ei.n e secon i s defined between the

bp yped by fowirg ?W@'"ﬁﬁ'&acﬁﬁ'g second radi us 125,
11. The neth dtﬂ#;@bmla%pl LS @te%t(ﬁ)oinélgaeédéﬁﬁl &1% pivot
ase

usi ng a tJ'_ms unction. in _conjunctio
PPN} rbeegydisantdiomereh & %‘c’;ﬁﬁst Paiat ﬁigeco?cﬂ%o'?l rst
angl e QA5 andpthe g F&Qm*a @.@Jvﬁergﬁmé 3diR% YAhe bleach of the

determnethe Iura olnts for generating

d@qqé)opgsaﬁleé@'me? |n step (2) lg substanttal% t%e same.

4. - The method of claim 1 wherein step (1) includes defining the pivot
point such that the first point and the second point are different distances from the
defined p{Vot point. '

5. The method of dairn 1 wherein step {3) indudes converting the
. plurality of data points into Cartesian coordinate trajectory data.

6. - The method of claim 5 wherein the Cartesian coordinate trajectory
data points includes values along the z-axis of a wire bonding machine and at least one
of the x-axis of the wire bonding machine and the y-axis of the wire bonding machine.

7. The method of claim 5 wherein the Cartesian coordinate trajectory
data points includes values along the z-axis of a wire bonding machine, the x-axis of

the wire bonding machine, and the y-axis of the wire bonding machine.
8.  The method of claim 1 further comprising the step of (4) selecting
a third point between the first point and the second point in the arc motion,; wherein

step (4) is accomiplished prior to step (2).



12. The nmethod of claim 1l wherein the arc notion
corresponds to an arc notion froma top of | oop
position to a second bond position.

13. The nmethod of claim 1l wherein the arc notion
cwore@perids to an arc notion shortly after fRSTRERIOGPS2482
of a first bond of the wire | oop." 14. '
The nmethod of claim1 whergi,n step (1) includes
defining the pivot point to be one of (1) a | ocation

of a bonding tool tip at a first bond position, (2) a

| ocation of t aelpeatbedwf ctaboll further ednersisinbdherbtap ob(4) selecting

shedst M!tﬂtl&%mt SEHRLH fﬁ?ét p@mf bd’(ﬁthe kordd painbin(the a

| ocat i

t he. bond h d. of heat -
ol PRTeRER () Aot P e end of 2 hea

conput er @ad&hh%&ﬁadaf%ra,m G-t &gnpmmgtatseép &r(agr am

s 80 e SR SOTRULL R LM e o

storel redlingRulisavdednthe peyof primtesnd dlve wﬁof@ paintavheseip step Ké) is
&E&nﬂ@ﬁé@ﬁ]’wp?d Q&J t}ﬁt Mh@mf‘l ikeSrstRMR Y 2RNEl dafirka Getvken a

€ elé%tge gliae andeFrst ra |us a¥|ﬂ WE’_ELSE' % sé:):gnac z?rlag? (; \%[&%JR&% between
the refeneeceding and U1etﬂ¢907fdl rpdit's B Nt and t he second poi nt ;

(2) determnln t f data

generat i ngt § Fﬁi?@gt 21%7 "Yé[g?ﬁ'ﬁergp Sﬁﬁ’gbgmf IUdES S tme
haned fudcting ::acqna.dxctg@ with the fastdadive %mg)ee;emdugdiagma the first

Jn‘df&@m 4 BE stdoh®ang@l) iRbrdeh® RbginReRd plerlifyaifiagta points for
first angle defined by the pivot point _

%Hﬁaf%th%ﬁaéecm int, and (b) a second angl e defined
by the pijypt RBR FHetfﬁ;BQ)f £Bfn $ARERMA tRObRIMotdA@orrddponds to an

3 convertin alt of ata |ntS|nt0
35'? %T’B?ﬂ 5 ad&‘?gt’???a's)c’sfu?@? B2 ffgg%l aggvl e bonding
machi Se 1’|€->t6 ATH@H@Q&dQJf chif YWRGreR t!% k@ nh&@ﬁa:&ﬁesponds to an
rOVl e i nterconnecti on irs bondi n
FoRaYPL ORI EN S BEmarRD ﬂ&ﬁdf‘.v-%’"? 89%?? MIRISP n
‘sem condugt Olrheqr%fh&leof%ﬁiuﬂg v?he\%u{ &FPW%J@EMl@he pivot

the nethod conprising. th
point to be one of (I)rgplocatlon%f a bondlng t%ol tip at a first bond position, (2) a

location of the bonding tool tip after forming a short bend after formatlon of a first
bond, and (3) a Iocation of the bonding tool tip at the end of a heat affected zone of the

wire,

15. A computer readéble carrier‘including computer program
instructions which cause a computer to implement a methbd of determining a trajectory -
of an arc motion of a wire used in the formation of a wire -Ioop,'the arc motion being
between a first point and a second point of the trajectory, the method comprising the
7 steps of:

(1) defining a pivot point with respect to the first point and the second
point;

~ {2) determining a plurality of data points for generating the trajectory,
each of the data points including a radius value and an angle value as a function of
time, each of the angle values being between (a) a first angle defined by the pivot point
and the first point, and (b) a second angle defined by the pivot point and the second

point; and



(1) forming a first bond at the first bonding

| ocation with a bonding tool _such that a wre engaged
with the bonding tool is cof?i nuous with the first
bond,; (2) extending a length of wire
fromthe first bonding | ocation toward the second
bondi ng | ocation, step (2) including noving at |east
a porti on(péorivérend @8 glukaligfof st points inétrafefoorntidta it may

§%1§‘9% Q%wﬁr&'% &ghgdl ng determning a trajectory
31 th

e arc rmtl e arc notion being between a
first poim. amdnath@ceﬁwmhmg@lmﬂewptm b:ev.aém;ee@mécyonthe

g:g %fﬁrscés&%ﬁngn&uaﬁ& Y é&&b%ﬁ@ﬁ@%&gﬁs&% iconguctor
|

respect to I rst

Cﬁflm%@wtrehléorg@gmm %Itr}ﬁmethod comprising the steP:b?
det erm ”' fo?mf?\' ‘érff'?én \osr{d ::?Lhqus(t ?or%ﬂg%c%tlcfn%lthgaetgﬁﬁ RS {oﬂg

thetraje ncl

suslfhaka Vs ‘?f@a%ﬁ‘i‘d"’ Hrihebryriaa {pel i§ éO%'QUOAJSMH@ﬁ

t

f : rg t :ﬁc{}é %% J]rﬁgeaalggé/ﬁ ?mlleQ%ﬁw th i rgpoopg L%@%HE ?c%ma?d tpe
i?@?'ﬁ*tbon‘af‘ﬁjlo%'?" ét@é@dwdaﬁgwma@f 'P?Féa PRioR AN et of
Wit inbn avahdtitre s&p ¢rattheointitdingadetermining a trajectory of thecrc
RN ERL 5B %oklc;]"?be% e?vJ/éeHé iRt pSlat-Ad BRESNE pbift & the trajectory,

HE ks el he il oddingl >er DY @ W Te bond g
at the second o
continuous fr 6%1 %h@ns?? F@%%%%g‘g'tq%gg%ﬁ{etg Q-Le cf%%go'ﬁ‘o r'? g ."{e

17. TReEOREPHd of claim 16 wherein step (c) includes
converting th e rallt f i :
Cartesi an COO?CPI Jﬁg L pﬁ' ?@'P@%a@% O'HFSEJ#h&atn@

of clapees. sapkpidhadala é‘ﬁi"gé EF'UF"OQ  Frstiusvglip PF%@%H’TQFF@’E"“Q
st ep aph fupdjonsetirae teattgofahd dngledraines hdindoattwesania)tafestbhglst

gg'egh e&*b{, e ﬁzspn%ﬂﬁslﬁ’@tg@h?{l %bsrﬁ?agnd g{)glpsg%’%d)d%gle‘.ﬂ%g'bﬁ

met h 8’P @"ﬁ??fi@e\ﬁﬁ@f‘ P?l' (2) further conprises
the step of (qd) SRyl tﬁlgpllﬁ‘rallty §%ta o iR fgbt@ ata that

poi nt bet ween e secon
t he ﬁ\a&b%ﬁd&ﬁa“ﬁﬁé’f’é‘i"?ﬂ @F‘g}!ﬂ‘e(ﬂ) i s acconpl i shed

prior to (% ﬁ)[?mkg)a 'second bond af the second bonding location such that the
wire is continuous from the first bond to the second bond.

17. The method of claim 16 wherein step (c) includes converting the
plurality of data points into Cartesian coordinate trajectory data.

18. The method of claim 16 wherein step (2) further comprises the
step of (d) selecting a third point between the first point and the second point in the arc
motion, wherein step (d} is accomplished prior to step (b).

19. The method of claim 16 wherein step (2} further comprises the
step of (d) selecting at least one additional point between the first point and the second
point in the arc motion, wherein step (d) is accomplished prior to step (b).

20.  The method of claim 16 wherein the step of determining the
trajectory in step (2) further comprises a step of (d) determining a first radius Ra



20. The nethod of clainl6 wherein the step of

determning the trajectory in step (2) further

conprises a step of (d) determning a first radius RA

- 16 -  between the pivot point and the first point,
detcerondinbnng a second radi us Rg between-the prumUS2007/082482
poi nt and the second point, wherein step (d) is
acconpl i shed prior to step bb), and wherein the first
angle (QA) is defined between a reference |line and

first radius RA, and wherein the second angle (Qa) is
taivearethelpdionpaint dridaghe Bfstpan dellermisinaadeddnd radiusotcbetween the
Bi@gt' ﬁx‘.z?ntré)gd the second point, whereif _%tep-wﬁis BELh@Gsnf phbdteoBefb),
wherei n st ep (b"(ﬁl |¢¢du_des _usi ngva ti ne basgd fgr}cttl %51 R
P WRHPID AR TSRS (Pt &SP TR A S RRCC YT S SET AR s R
ptivheseiRghe sehendfangist (@anig idefir@d, betwren ttirerefsenes Hneasngl tbe
Q8ond RdREREr to determne the plurality of data

poi nts for generating the trajectory. .

22. The met.hodrhefmethed ofcledn \Bidevterain stee(bdrincludes Lsing a time

EL2kd ﬁﬁ]%hqt ] c&rﬁurﬁ:@io@gﬁg 'ﬂ@%ﬁr@f‘raﬁ{u_@ R, &hé ORoRd rddRRMR,, the first
osition to a secon ond posi tion. , _ )

$351 G AL GEAG PRF ZoriD PR PR R L G101 dgip potnts for

geoerabispthedsaiedtoran arc notion shortly after formation

of a first_bond of the wre_ loop. . , 24. .

The et hofof 1BF RHOLEON AP 4F MREFEIthe 25° THfion FAETESPOds to an

ale friotibm fomeetop bi/lobp paitivh tb @ seepndrbendfosftibh. a | ocat i on

of a bonding tool tip at a first bond pOSiU on, (pzzhg\

| ocation &F t HE®HREHAGR] cleBB L6 thhsrelt the pre Betpn fgrresponds to an

&h etotio shutkhadftee Forfatiombf afirsotord df thestiredoerd, and (3) a

| ocati on of the bondi nthj..tooI tipat the end of a heat .

af f ect ed ZbnBregpethedof fgirg 16 wherein step (a) mcIudeggt_eﬁnApg the pivot

E0Tal be bne &fdtpd loeatixmr of iadonding kastltip gt < emperingpoptioy (2
RFRE b SRR NGl UF e oA Chord Ak B RIBA ur S
AEGHOS AR LT B SEBAtIng 199 Feyat B 65 PEREAVTEGRY 27 o the
wirsecond bondi ng | ocation of a sem conductor device

using a wre bondi ng machi ne, the nmethod conpri sing.
t he st eps?--rbf - A computer readable carrier including computer program

instructions which cause a compufer to implement a method of forming a wire loop to
provide interconnection between a first bonding location and a second bonding location
of a semiconductor device using a wire bonding machine, the method comprising the .
steps of: |

1) formihg a first bond at the first bonding location with a bonding tool
such that a wire engaged with the bonding tool is continuous with the first bond;

(2) extending a length of wire from the first bonding location toward the
second bonding location, step (2) including moving at least a portion of the length of
wire in an arc motion, stép (2) further including determining a trajectory of the arc
motion, the arc motion being between a first point and a second point of the trajectory,

the step of determining the trajectory including:
(é) defining a pivot point with -respect to the first point and the
secqn_d point;
(b) determining a plurality of data points for generating the
trajectory, each of the data points including a radius value and an angle value



(1) formng a first bond at the first bonding

| ocation with a bonding tool such that a wre engaged
with the bonding tool is continuous with the first

bond; (2) extending a length of wire

f maobsns7é r st bondi ng | ocation toward the SEEHHHA007/082482
bondi ng | ocation, step (2) including noving at |east

a portion of the length of wire in an arc notion,

step (2) further including determining a trajectory

of the arc notion, the arc notion being between a

f i r staspdiumttioantitime srecivofdhe angle velfies hpingthelyesen (o) 3/first 2ngle
step &ﬁn&%ﬁﬁ%ﬂbﬂ&iﬁt%d tﬁeaﬂil_@l@ﬁdhit)/afhdl‘bb Hdbdegd angle defined by
(a) q:ﬁf i ni n%_% EI gh%t %ntomwgnt& respect to the first.

poi nt"aRY¥CLHRET 8ad nosegom e (b) |
determ ning a @ abhiby tRfpiiaig op@itd hsinfsQkito gRNR LA} HAtE that
the trajectory, eacqgo. t he data Qoints i ncluding a

radi J&® vtﬁﬁ‘if‘édé‘ﬁa A “BRYFL™OEIUE ®™2 . 17 - as a function

of tine, GBofilg & BEoRNEl Y iR oRAiNEinE RcHRAsutihabihe

first angl e defined by the pivot point and the first
Pis feon a"%fmmahes%td%ad 5%5%@%%?&85%{ by the pivot
poi nt and the second point; and (c)
converting the plurality of data points into
trajectory data that may be used by a wire bondj ng
machi ne; and ' (3) form ng a second bond-
at the second bonding | ocation such that the wire is
continuous fromthe first bond to the second bond.



