METHOD AND APPARATUS FOR FORM NG A LOW PROFI LE W RE
LOOP CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
wabios/osmopd i cati on clains the benefit of U S, PCT/US2006/000540
Provi sional Application No, 60/646,950, filed January
25, 2005, the contents of Dhi ch are incorporated
herein by reference. FIELD OF THE | NVENTI ON [ 0002] The
present invention relates to wre bondi ng of
MEVHOB D Wplﬁﬁifliﬁ?é Foﬁ“ﬂoﬁw:ﬁdoﬂwwtﬂﬁﬁbe WIRE LOOP
providing a ow profile wire |Ioop in connection wth
the wire bondi ng of sem conductor devi ces. BACKGROUND
OF THE | NVErCHIOWRETTENCE TR RERATER ARPLEATIQNS of
vari ous sem conductor devices, wre bonding techniques
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T HE BT COnNEaT ween a di e an acts
refer¢ncgdf r ane. An exenpl ary convent i onal vv| re bondi ng
operation involves (1) bonding to a first bonding

| ocation on a die g oFUsiEN@iVEfirtopondi ng), (2)
extendi ng a wire toward a second bondi ng | ocation on a
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bondﬁm‘gr%f%%ﬂﬁ %fdﬁ&o# Hgﬁééé y to reduce the size of

nen and SO to increase the nunber of wire
bonds per unit area. Thus, various techniques exist to

reduce the prof ﬁp@K&RQVé‘l[bﬂfTé\‘E NVEETHYMds bet ween

conmponents i n senm conductor devices. One such

[0003gChNi quethe RveHuRSBuret bESAIAEG setBcdhductss dadgicés, vaR tbdrarryg
of th fl rst, bondi E% | ocat

rechygey arE g Gped BT eiec Lo Tl T GoRRTT B PREbIe Wire
bondé iars bfteonskdy procide imrrcoahediont fedwaen e dissanyt cutteds on a

Ieadf];é?ﬂe ?TAntng a(r)ryﬁ aprﬁjelntloﬁé\%l% Bgnang %B&gtlgﬁ(hﬁ/g%g (1) bonding to

, and he secon cat

a first DOOENG TaFmEON £7 Al 6 9- SIS AAILEONGHNE) pl DEXERNCING 2 viire toward

a secofl %bh&lﬂbYOdaﬂW) BhGf leb@rravhe e(j) WRR8ingA¥RKHE of tHds@ended wire to
tech SUffg(%)ngJ Zhnunber of defici enci es.

the sgepnd °° 0088 §¥"€rushed, there are
certain p0| nts of weakness in the wire, primarily in

[0004]e r editene jsumhtideyusspressure df thehsemicerstuetbr pudustryrio reduce the
size df HoPnpHRBKRCSSd TRY 16 Siddseite number of wire bonds per unit area. Thus,
various techniques exist to reduce the profile or height of wire bonds between
components in semiconductor devices. One such technique involves “crushing” (e.q.,
using a capillary tool) a wire loop on top of the first bonding location (e.g., a die) after
depositing a wire ball on the first bonding location. After the wire is crushed on top of
the wire ball, the wire is then extended toward, and bonded to, the second bonding
location.

[0005] This “crushing” technique may provide relatively low profile wire loops;
however, this technique also suffers from a number of deficiencies. For example,
because the wire is crushed, there are certain points of weakness in the wire, primarily
in the region just downstream of the crushed portion. This weakness may result in

unsatisfactory and inconsistent pull values in a number of applications.



unsatisfactory and inconsistent pull values in a

nunber of applications.[0006] Thus, it would be
wae®sosdose to provide a nmethod and apparat us fBCT/US2006/000540

providing | ow profile wire_bonds while overcom ng
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also MeAd 8dndiRRaERcENSHAY HthOWi Q:toTiEedaﬁé\%h@'ﬁg 18QL8h. The

invention is best understood fromthe foll ow ng

il
[ooo%‘it a eﬂwedr%segl-l fthe present invention may also be embodied as an

apparatus (e.g., as part of the intelligence of a wire bonding machine), or as computer
program instructions on a computer readable carrier (e.g., a computer readable carrier

used in connection with a wire bonding machine).
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the 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. Included in the drawing are the following figures:



when read in connection with the acconpanyi ng draw ng.
| t is enphasized that, according to conmon practice,

w0 b@ewsrosous features of the drawi ng are not tBCHUS1086/000540
On the contrary, the di nengions of the various
features are arbitrarily 'e;?f)anded or reduced for
clarity. Included in the drawing are the foll ow ng
figures:Fig. 1 illustrates techniques for formng |ow

profil erjyi i‘ﬂldsﬂ%@é ﬂeEh:ﬂ?@é&rfgﬁFH?ﬁlﬂﬂ foly ¥iFileOWRe loops in

exenpl ary enbodi nents o resent 1 nvention; FIgs.
accoksign W&Pé/aalpaa exeREPlary E@PP%!NGWQS af [hetBReninvsolianng a

wire between a first bonding |ocation and a second

bondi ngrigacza-cerare tiacs0s dRIBtating tahn@ﬂho&)@eﬁbhcﬁhg a wire

' h ti
veon B 3HrHERnsie PGl S S ane e 'neBods dsrriugeyien an
exemawmmm?n%melmt gfveptien;pr esent i nventi on;
Figs. 4A-4J are block diagrans illustrating another

et hod Qf. Hangh NRistrakibh & P%Péﬁﬁﬂd‘%rfm&ﬂn QL‘?:BMa%Qe with an
cation and a second bondin ocation I n accordance

exemviii(f W%‘PP%W@EBW ofr Yredrgrsaf lﬂé’ﬁ{‘tg?)‘Tr the present invention;
and Fig. 5is an illustration of a | ooped portion of a
Wi re forigedA-A) afn:blbdaﬂlegrawhst iﬂuaﬂatmgi‘midtﬁélymemcﬂflmﬁ&mg a

e S e LS PR s
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Pat ent Publication No. 2004/0152292, relate to wire
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[0013] The present invention relates to a method and system for producing low-
profile wire loops for use in wire bonding. In certain embodiments of the present
invention, after a wire bond is formed at a first bonding location, a looped portion is
formed in the wire. After the looped portion is formed, a wire bonding tool (e.g., a
capillary tool) used to form the looped portion is lowered towards (or at least in the
general direction of) the site of the wire bond. This downward motion of the wire
bonding tool is stopped before the tool contacts the wire bond, and as such, potential
weakness in the wire caused by such contact (or crushing of the wire to the wire bond)
is substantially eliminated. Subsequently, a second end of the wire is bonded to a
second bonding location to complete the wire bonding operation.



general direction of) the site of the wire bond. This

downward notion of the wire bonding.tool is stopped
wbedoengloshe t ool contacts the wire bond, and aBCEHUS1D06/000540

potenti al weakness in the wire caused by such cont act

(or crushing of the wire 1% the wire bond) is

substantially elimnated. Subsequently, a second end

of the wire is bonded to a second bonding |ocation to
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leadfteoneled to a second bonding | ocation (e.g., a

| eadfrane). [0017] Fig. 1 illustrates various
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coml;n%t%% fwotaon%qm)st%%eé %nFl(g) f 1 ?sostl'ulo(\?vrr]xsln sAlié '|||[u§st and includes motions
A, B, C, and D. A second combination of motions is shown in solid and dashed lines
and includes A, B1, B2, C, D1, and D2, For example, a user of a wire bonding machine
may select either of these first and second combinations of motions (or other
combinations of motions within the scope of the present invention) while exercising
loop control in order to form the desired loop shape.

[0018] Regarding the first combination of motions, the wire bonding tool is
raised above first wire bond 100 at step A. At step B, the wire bonding tool is moved
along a downward angle away from first wire bond 100. Subsequently, the wire



conbi nation of notions illustrated in Fig. 1 is shown
in solid lines and includes notions A, B, C, and D. A
W@ ewofsiloso®nbi nati on of notions is shown i n sol PCT/ARING/000540
dashed |lines and includes A Bl, B2, C, D, and D2.
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iIs no motion corresponding to B or B1). Thus, it is clear that the present invention is

not limited to the exemplary embodiments illustrated herein.

[0022] In operation, the present invention may be embodied in software of a
wire bonding machine. Certain parameters used in connection with the present
invention may be set in the software such as distances and directions traveled by a wire
bonding tool (e.q., a capiilary tool). Fig. 1 illustrates a number of parameters. “Kink
Height” relates to the vertical distance traveled during step A. “Reverse Motion” relates
to the distance and direction traveled during step B (or steps B1 and B2). “Rmot
Angle” relates to the angle between the reverse motion direction and the vertical plane.
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ralseg 'vgrtléallyé l(llhgggéh LEB[%%%ctgé @Mlgi)haﬁh fy F'gzgg%'%%"g}{‘g tool 200 is

Wwre
moverq lgng scﬁ%nwgrq alegle tewarda dand s@@@im pheiridithig endwairnent) wire

bumd:QGZa ?tﬁe"‘?blblﬁjlﬁtaﬁ&g tﬂ‘bﬁcﬁl)quﬁid‘gzﬁ Qe I:%Qi@m(g' tobl: 200a|s ralsed to
202 betweén the fir

allowiRile P SE Sk T B0 28 oRRroBE SR Ag 21 GE AMeiD2 i banded
to a ﬁcgnd Béndmg Ilcﬁaborﬂmnaﬂﬁal’lg)rm—amwﬁmlﬁbrﬁiﬁng/\tobﬁzé’@& rafsed, and wire

202 iF g\?ﬁ cﬂE % dO?eSpaEa groR'\o{&?rgdbongmgr{ool Asbsﬂ'\own 1% Figs. 2G-2H,
wire 202 extendlng between a first and second bonding location includes wire bump
202a, looped portion 202b, wire kink 202¢, and second end 202d.

[0024] Fig. 3 is an illustration of a wire bond 304 formed in a manner similar to
wire 202 illustrated in Fig. 2H. More specifically, wire bond 304 extends between a first
bonding location (i.e., die 300) and a second bonding location (i.e., leadframe 302).
Wire bond 304 includes wire bump 304a (bonded to die 300), looped portion 304b, wire
kink 304c, straight portion 304d, wire kink 304e, and second end 304f (bonded to
leadframe 302). Wire bond 304 (illustrated in Fig. 3) is different from wire 202



2A, see elenment 204 of Fig. 2. Wre bonding tool 200
is then raised in a vertical direction (i.e., the
wO Bioakstdeé ght " notion) as illustrated in Fig. PGI/USI0€000540
bondi ng tool 200 then m)ve’i |aterally away fromthe
first bonding location at Fig. 2C (the "Reverse
Motion"), with an Rmot angle of approxinmately 90
degrees (simlar to direction illustrated in

(lllusfﬁﬂalﬁétﬁﬁi FigN2M3, trBr StRibi8l bdcAudd &F thé)mclus@n Efe Grrle: glprk %’_ﬂéloeg(wwe

in raj sed verti cal
202 RERHSE o'k 4R, et TR eihe! T G barihasguaioa odpg present
inventtormmiag beeflicthgr shapedavaesirangl e t owar ds (and parti ally
past in this enbodi ment) wire bunp 202a (the "Fold

[ooi%]St anc?gs npA '4?%)@ blloclpdlgk;pamgﬁme%ﬁﬁ%glqn% ?Iar me,:hzq%oof

bonquvggwwgcéwéamiaw érﬁldstzt@;zdmgflownoe g2 $erobdideding docation. Fig.
4A llﬁlgﬁé‘fé@ ARNBbitnd Qﬁ‘o@hb@gb aE@abl‘ﬂar%} thOI)QfB" b(‘Mcﬁﬁ‘g Wﬂ'gdl'oagbetween

200|sralse Wre i's shown cut
the fgétp%%?ef&j OFRYR ARG E’%ﬁ@“%@%cbm loggiion.aln Eigod ire bump 402a
on afriegd of *@e2440 M/Illl‘t&tﬂ&f&l a@@@ﬁ_ﬂ bogddeetodetiret Bdndfig 1888tion (not

shov\ﬁ-nelﬁqﬁe% ? nli%% l nc ﬂg%@%"rﬂ%g}iﬁdméé%gﬁﬁ tgﬁla raised in a

vertngqj@deci[m)@_izq theg Kirk lﬂ@gfaﬁ rmdthms)talsalllustbtrateﬁ inaFigv 4 Brecbonding
tool Wtﬁéﬁf rﬁgged IBt@alWW@J ?'&lnrqﬁq‘irrstt %n\%rtqglﬁgé%)& Atll-*lI té{@étﬁg

. re specifica , Wre end
Revﬁ@ﬁ\%ogl?”a)'f"l"?%? t'b%‘%éﬁrﬂ’g’"%%tsl ipfreppeckin, com@r@%yo thedateral
motlsremgﬁgatwﬁﬂlH‘ldeZGJCﬂtFl@Md Jwife borhcﬁ( ftécfjl%O?Q%}jNeré% &nerally

n W re on o die
rowa s Bl S5 STha ot S Red e g g‘??waﬁan#nmmg&of
appr@(}ma;elw9ﬂeidgr¢€ls M@otﬁm‘i cseﬂmh@tend’ngﬁoftt dnhmtd&daytbé carried:

j 3

out tyZREhbR ottt o Mo WAl omhivaltPHIe €, Bn'Rilor Hote in
excesspf Uk degiees), saréa@ﬁs@abﬁlusmted mdlféﬁsgfrhbeﬁ abmveeywth relgpect to

motig®¥Ben F.rne 202 includes no such kink). Thus, it is
clear that wires bonded according to the present

Ventl be f er. s as desire :
tooda} o L4 s BT el AT ssS sty (g Fokd Loop
Factar$k Mioablyanmrhl’Fmgi 4FfWIbEDhoh|dilgg raal 40002 masbive@tards farrcsbartlally

past PrP{H#ﬂ‘ Fﬁbb&ﬂ@n&f)\nlr@ggggnﬁﬁgg@ﬁe WB%Q?AC%C %ot%n) Ai: glg 4G,

ustrates wr
wire panpding k9q} 408ds lowesed grnedd!hyctowards wive bbam/\ﬁé\‘a tTre mptigrs

carridPOGH IHGIéﬁwtdnﬁm@Hﬂ tHR&aPREOsG QginBQ rlneﬁé“ |n0£‘ dirbetidn
Fig. 4A, re bu En an en W re
along ¢ peppiardande %EF é%td rate P dep e sonen Wi respect to

motidroDab iFan 1( not shovvn in Fig. 4A, see element 404 of
Fig. 41). Wre bonding tool 400 is then raised in a

Ll
o023 il 5 ARDobis 84 £ B e o
the terly d8 Figatddr sgdopd &W&ﬂoﬂ efwire é0f2|l$ Qondﬁm@u angpcoond abhding

locat®h, Ehdin H§. 43, Rere bonding tool 400 is raised, and wire 402 is shown cut and
separated from wire bonding tool 400. As shown in Figs. 41-4], wire 402 extending
between a first and second bonding location includes wire bump 402a, looped portion
402b, and second end 402c.

[0028] Fig. 5 is an illustration of a portion of a wire 500 formed in a manner
similar to that illustrated and described above with respect to Figs. 4A-4]. The
illustrated portion of wire 500 includes wire bump 500a, looped portion 500b, and



"Reverse Motion"), where the lateral notion is
i ncreased in conparison to the lateral notion

wo bdogssroas ed in Fig. 2C. At Fig. 4D, w re bondP@yUSZ06/000540
400 is |owered generally tovvards wire bunp 402a. The
notion carried out in Fig. 82C has an Rnot angl e of
approxi mately 90 degrees. The notions carried out in
Figs. 4C and 4D may be carried out by a single notion

st.-a.gm p'-brfiaﬁ 86, oaeégugs Qf ﬁnéj\ﬁé(‘{ﬂ H.cﬁrwﬁ%d (p%ﬂﬁon 5688b F90%Formed

e In excess egre
(Wh“Fh Fmvagtte&haﬂbeta@%dwﬁé@dab {as. dheH)r e ppetian AfvirmEeDhn

(receBsédlpé:rIUGn 5bod} ﬂQ@@&IIalpséU o 1. m‘HantaYUt r\/\ﬁtfb@{ﬁdrh K)tha?@énté&QNlth
actor" notio

er a
anothét PSP Ry % hliheg (1t PORHIS HJ0 S PERATLAY wire
“pay¢aridupgag tmealolop fpasatiang abdipsrtetpediamestlt ofthiembtion udéiPeo form
A n F . 1 t
the v%né%ll%oa.oghﬁlg%,gtb\g?ggla gg’ellsgflgf'y d ragl ecévl%ee rE%OBj%g a%ry low
profifeh witheel kpwing heen tughied” by awlg%bomdlngmplzlc; may be
carried out by a single nmotion in a direction along a

[oozbamwarﬂnea\ngb %on&H@ he@miduaslor khd H.setsé.att.ﬂder&% RAEF 6 é' bed

to notion. D in_Fi n
mpI RS fh 5 Ui G alchg L Go meRbES- Fo oAt e oL UM es can be
instatled bpay e@uistingfeotripatdraybten/server gs seflwareg@atochpeibet s%)l%en used
0 . j - I
in co% déﬂolﬁ%}gﬁ'x ?or 4@e8%g§ %gﬁaga%ﬁlgeet?og@ﬂmﬁ%ggl:ugg)r a?tgrg dé
techlwwe,s mep opgra§¢1 frem @ gemauker seqsiable erdrien (mg-wiselis ﬂetﬂmngrory,

optlcEpé%c 49&3ne6§ dOYRYIb RefldiRy Atridtmediine ad&id f?é&‘ij@ &grler

first and second bondi ng | ocation inclu

medmét%ﬂ tirgudes Q?Gifé’&erﬂaﬁtt“ﬂ%wnﬁé%@ C&'?b"%%rclb’ﬁafaé‘hd

instrddtions) EéDé?tBB]to Ehegwirg boadiap tedHniqiesat i on of a portion of
awre 500 formed in a manner simlar to that

[00'.:2#/:]\I ust r%e\girﬁﬁgg&ﬁg%%ﬁﬂ; ?%gsrcl:ﬁaggﬂ Bgrel E%S’% Crr at!l;dngonal
benefif rnethBUHF Bodan of w;seabomtha st 50mh maatrhﬁssttféarghan the
correl%%ﬁdlﬁé‘ p@l@@ﬁ of %8ﬁ@éiﬁf°onglfwﬁ-@ﬁoﬁ\@/ at Téa‘é@F&lﬂlah;QBQ@a%se of the

fornme is sim

fedugﬁé{ H’fBH m hfgqhtat%@h.SHffpwag maypdepipblyrepd in dHegeass ipavire

sweep00 (recessed portion 500d) has collapsed to be in
contact with (or in virtual contact w th another

[oo#iﬁgltm' ?Epélg'g) tﬁ ?&%nt@ﬁ“is |Ilu&94t%:&lg§8 deE&‘rcblé helr@ 1R rvs}n.!harlel‘c-:)f‘ence

to spﬁ@flﬁ&mb@ﬁlm%ma tharinventioy l%@otante@éad tto b& hnh@drtgtth@detalls

shOV\MS &ththerQ VEF?&EB %@lf%tﬁ&sl A& be 'r:ﬁHcfehﬁrthe bbBiadis V\ﬁt‘PiliA ﬁ;@%%ope and
Ver%aleeSI rabl e because W re 500 has a very

rang‘}’aPBF‘i“I“ R)Sﬁt‘%ﬁ(’irﬂﬁ Cﬁ%‘w‘ Ry wishout: C@ﬁpa’étl'f&lfmwhﬁ 'Wet“EO”

bondi ng t ool .



[0029] The wire bondi ng techni ques of the present
i nvention may be inplenented in a nunber of
wa@badoeosmsé ve nmedi uns. For exanpl e, the techni qR&EUSZNG/000540
be installed on an existiqg]conputer system server as
software (a conputer systemused in connection wth,
or integrated with, a wire bondi ng machine). Further,
the techni ques may operate from a conputer readable
Whatiddladifled( €. ., solid state nenory, optical disc,
nagnetic disc ~radio frequency carrier medi um audio

freque i u etc that in es €o

i nstruc | on '&OATEP%‘?PER%? W YRS ﬁg'trétﬂ%qrﬁdﬁ}% &itfon and 2
secomd beriding tooatudre the neetbad domgrisieg lime sfeps of:[ 0030] The

wi re bonding techniques disclosed herein provide an

addi ti qpaly; rﬁeé]ﬁﬁs‘tteng%fta%h H@ﬂﬁgrbﬁhﬁiﬂg%ca\ﬁ‘ioﬁ%s A Gire

the first on e~ correspondi ng
bondigr fopbhe f@fm@ofﬁ%Wtr?chﬁ’ap: wire bonds, at |east partially

because of the reduced profile or hei ght. Such

sti f f erforgingrylodpsd p&ddiloy ih €sdilvire iadjateHEEISRHSEWIr8 bohd e

sweep. [0031] Although the invention is illustrated

and deﬁ&k%r‘?r?dj;r}? w{?'e IBon hgﬁocﬁgﬁge egtrérgEoﬁPq{S?gh%férst wire bond

enbodi nen I hven | 0
after|thefarendng siep hehedewariing stsindvaing iRberhented peipr tuthe wire bonding

tool EBPAcking 3hé ARE WIRVL M, Rde i n the details within the
scope and range of eduival ents of the clains and

wi t hout departing fromthe invention. What is C ained:
1. A mNGIR soRdieng of ths Maeleazespndibendiag lasatien-ng
| ocati on and a second bondi ng | ocation, the nethod
conpri sl.ng tihe rettpd dfclaimanghagirattel step ot ltvesihg ancMides

IoweFil‘?g ?n f\hﬁ'ec‘ta?lpcﬂﬁ]? kSl I\JI ﬂ'gea& dé)c@lPH%vogrdg B\qxtr % 339 Hglopgthg QQAt wnre

or’tlon
bondthe wi re adj acent the first wire bond Iovverlng t he
wire bonding tool in a direction towards the first

wire bond aftierméttRdf?icEima whéRin thasstéPBeforthgSheRdes:
being interrupted prior to the wire bonding too

contacting the f.i E ond| second
cnd of o e atit Bindihd Foel e MR rRuEs PRl 5°°The
met hod of claim1l wherein the step of |owering
laterallycnaing thewireiboegdingdoni aveayblvendi thg firsiobiré bonde
direction towards, but to a side of, the first wire
bond. |owering the wire bonding tool,
raising the wire bonding tool, and
laterally moving the wire bonding tool towards a position above the first wire bond.
4, The method of claim 1 wherein the step of forming includes:
raising the wire bonding tool above the first wire bond,
laterally moving the wire bonding tool away from the first wire bond,
raising the wire bonding tool, and

laterally moving the wire bonding tool towards a position above the first wire bond.

5. The method of claim 1 wherein the step of forming includes:



3. The method of claim1l wherein the step of formng
i ncludes: raising the wire bonding tool above the
wo 2eososwise e bond, laterally noving the wre bopdi/ng2006/000540
tool away fromthe first wire bond, lowering the wire
bondi ng tool, raising the”Wre bondi ng tool, and
|aterally noving the wire bonding tool towards a
position above the first wire bond. 4. The method of
claiml i ' z : 4 raising
tho. w1 S gl alry SoREE (8 4R e SRR
I ﬁteral Igy rm\(Lﬁgg the wire bondi n&tool away fromthe
laterply movifjgrthe yereponding taeh avaL figm Enedisaviig beadd , and
| aterally nmoving the wire bonding tool towards a
posi ti oreisibhptie wine bbndisty tesly endbond . 5. The net hod of
claim1 wherein the step of form ng includes:raising
- , h . e _
o 4% SO ol Qb ST oSS By gy
first pinedtongi r e bond, raising the wire bonding tool, and
nmoving the wire bonding tool along a downward angl e

towar dsea posid MethaPer@aibhe whicksh tid &t p R RSmifg inERies:
met hod of claim1 wherein the step of formng

i ncl udes;. .raj,sin he W re bondi ool . ahove the
first V\[aljsén%gﬁd‘fﬁg?r%\‘??wagttﬂ% %"P’%gﬁ%ﬁﬁfwg etq’(98 ralong a
downward angle away fromthe first wire bond, raising

movingehiwire hepdinarigot ong aaiewnvare ragleyaway\frang thé &irstiviee bond,
bondi ng tool towards a position above the first wire

bond. 7rajslitptHEBLiR® BoRding tédiMadd Wherein the step of
form ng includes: raising the wire bonding tool above
the first wire bond, nmoyjn he wire bondi ng tool .

atera R0 gD SO PPl BOLGPr7 BAPEHEN PP s et mispdond.
raising the wire bonding tool, and noving the wire
bondi ng7t ool The wethcanotdem tloweran theastgp ef fomamglhichides:
position above the first wire bond. 8. The nethod of

claim 1ra%?d’ﬁ{eﬂ~i?@80|ﬁ'&i§€ &1 afbe{/mﬂégfitjépﬁl'irg%%ﬁd movi ng

the wire bonding too ong an upward angle away from

the first wire bono,, an
moyving the wire bonding tool along a downward angle away from the first wire bond,

raising the wire bonding tool, and

moving the wire bonding tool along another downward angle towards a position above
the first wire bond.

8. The method of claim 1 wherein the step of forming includes:
moviné the wire bonding tool along an upward angle away from the first wire bond, and
laterally moving the wire bonding tool towards a position above the first wire bond.

9. The method of claim 1 wherein the step of forming includes:
moving the wire bonding tool along an upward angle away from the first wire bond, and

moving the wire bonding tool along another upward angle towards a position above the
first wire bond.



| aterally nmoving the wire bonding tool towards a

position above the first wire bond. 9. The net hod of
waeb@smssswherein the step of form ng incl udes: PODUE29G6/000540

the wire bonding tool along, an upward angle away from

the first wwre bond, and noving the wi re bondi ng t ool

al ong anot her upward angle towards a position above

the first wire bond.10. A nethod of bonding a wire

Ibet wte_enm I iAﬁetF%mdﬁ mdir@ami@w?fweefasﬁ&o%%dg@ngwﬂon and a
at 1.0n e 0oq, C risL.n e steps or: ondi n
secon® BidiFE ool Tie fetusd Eohbis PAehe Sl BE "1 ocarion -

using a wire bonding tool to forma first wire bond;
f or m ngbendingd ikt pod tof erwireta & éirstihoedmdjlamtion ushng a wire

bondid &l Yl@foﬁmthoﬁr@t ng%gﬁgep of form ng incl uding:

raising the wre ndi ng tool above the first wire

bond, noving the wire bonding tool away fromthe first

wire bofRamingA opped perdioR;ip éh%tﬁ’ﬁ&i‘?ﬁ’@?qﬁlﬁ%me fHREWiFB \PPRg, the step
of fotrhigWhdleédihgndi ng tool towards the first wire bond, the

nmovi ng step being interrupted prior to the wire

bondi ng tool _contacti.n he first. . wire bond; . and

bondi ng a seCond @‘ﬁd”‘&?%@“%?@ aP8veaFr§eefgr8¥1‘H'rsgﬁB?'ng

| ocation. 11. The nethod of claim 10 wherein the step
of novi ng t heovihg &hwirgi heqdingoioobawdy fremrthe fiestfwirg bond,
wi re bond includes noving the wire bonding tool along

a downwar d angif Meayird beraihyeodl] &t W re bond. 12.
The method of claim 10 wherein the step of noving the

' bondi t ool f t irst wire bond
et udes | atBPANDRBYEHSREINg opl BYBIRARGrrioare e the
fromthe firmbvingsteploriog irnt8rrupted prier ho theolire banding Gool
wherein the vfbﬁw‘?&tiﬂ .tﬂQYiLngngFebﬁo i.re 4bondi ng tool
| re bon

towards the rst i nclides noving the wire
bondi ng tool along a downward angle towards the first
wire boPRNdingsa sqqeBd gad 1 ghovirel taiansecondypeiiding lacRdost ep
of noving the wire bonding tool towards the first wre,
bond i ngi.udemnd mbehodl df glamdvighértet thelsteMBoigigttR@ wire

bondtln%%%fjgw:ta)b?roinl trh%tfirgg‘ v(li?e ggr%jincludes moving the wire bonding tool along

a downward angle away from the first wire bond.

12. The method of claim 10 wherein the step of moving the wire
bonding tool away from the first wire bond includes laterally moving the wire bonding
tool away from the first wire bond.

13.  The method of claim 10 wherein the step of moving the wire
bonding tool towards the first wire bond includes moving the wire bonding tool along a
downward angle towards the first wire bond.

14.  The method of claim 10 wherein the step of moving the wire
bonding tool towards the first wire bond includes laterally moving the wire bonding tool
towards the first wire bond.

15. A computer readable carrier including computer program
instructions which cause a computer to implement a method of bonding a wire between
a first bonding location and a second bonding location, the method comprising the
steps of:



15. A conputer readable carrier including conputer
program i nstructions which cause a conputer to
w0 ppoes®nd a nmet hod of bonding a wire between BCT/USEING6/000540
bondi ng | ocation and a second bondi ng | ocation, the
met hod conprising the steps” of: bonding a first end of
awretoafirst bonding location using a wire
bonding tool to forma first wire bond; formng a
| ooped pedinga ﬂr§t drideof\ \lgﬁe gcdh ﬂiﬁftfﬁolnklhﬁj lBtafdtiHn d&turIiQEa wire
0 onding tool in a direction

bonﬁh%é#%g &ﬁg’?ﬂF; 'ﬁ%%%%bond after the formng step,
the lowering step being interrupted prior to the wire
bondi ngforming & davpad poripntihdhé wirst adjbgept blonfirst aviré bond;
bondi ng a second end of the wire to a second bondi ng

| ocat i ogwelifig the m&m&her eQda R cﬁre%ﬁfnﬁ 't&X/aHdE‘EﬁéJﬂFﬁgwre bond

ut er progran1|nstruc i ons cause onput er
afterttge PRAMBASHRP, AherioMeHAY Stemfiies H@eﬁumeﬂ@r@éf%‘@qwme bonding
tool &dntadtingoundifigt Wie€ Bbhden@nd a second bondi ng | ocati on,

the nethod conprising the steps of : bonding a first

f I '
bond: ng Y EiE 7 Pl s FEPAB e B5R00 BPafihe fpeRo |

| ooped ﬁ@rtl on in the wre adjacent the first wire
bond, st @gonbutesraadapld erstigdinalydingadosimdert progrem e
mstr@&%’sﬂﬂmét@@éus@@&ﬁnﬂﬁ@r tfoI lﬁﬁﬂeﬁ%ﬁtea RRBthd Jm%'ne gtéqﬁllre between

bondi n% t oal avva%/ fromthe first wre
a f'fSFé?Pg?'Hg P4RLIORIANd AR5ATBNHh §oRERY locatien. rﬁbelrﬂ@th%éowr@ng the
stepbofmdi ng tool towards the first wire bond, the noving
step being interrupted prior to the wire bonding tool

cont act . fi.r r a second.
end of %ﬂgjlééjfgg%tg% oWa o'ﬁ%pqog f'EFq rb%n?'% q?cag'ﬁ R G3frg"a wire
bonding tool to form a first wire bond

forming a looped portion in the wire adjacent the flrst wire bond, the step
of forming including:

raising the wire bonding tool above the first wire bond,
moving the wire bonding tool away from the first wire bond,
raising the wire bonding tool, and

moying the wire bonding tool towards the first wire bond, the
moving step being interrupted prior to the wire bonding tool
contacting the first wire bond; and

bonding a second end of the wire to a second bonding location.



