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as to the height of an integrated circuit package.

[0006] In order to reduce loop heights for integrated circuit packaging and other
purposes, a wire looping technique known as reverse looping was developed. The
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[Otﬁd'gﬂ This reverse looping process can provide low loop heights for low profile
packaging. However, it is a much slower process than forward looping because it
requires the formation of two ball bonds per lcop. Furthermore, the die must
suffer greater impact because the capillary must form a bond on the die twice per
wire loop (i.e., once to create the first ball bond and a second time to create the
bond on top of the bail bond). Another limitation of reverse looping is that it often
is the limiting factor on how fine the pitch of the bond pads on the die.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0C14] FIGS. 1A through 1I are elevation views illustrating the steps of a

conventional forward looping operation.

[0015] FIGS. 2A through 2C are elevation views illustrating steps of a reverse

looping operation.
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[0023] The five general components described above may be formed using a ball

bonding machine.

[0024] FIGS. 5A through 50 illustrate the position of the capillary of the ball
bonding machine and the condition of the wire at various stages of an exemplary
process for forming a folded forward wire loop in accordance with one particular

embodiment of the present invention. In the terminology used in this

- specification, the vertical direction is termed the z direction and the horizontal

direction is termed the xy direction. The Figures in this application are, of course,




top of the bunp 58, (4) a wire |oop 59 that
i nterconnects the first and second bond sites, and
(5) a stltch bond 60 at the second bond site. [0023]
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distance of this xy motion is herein termed the fold offset and is shown in FIG. 4
at 76. The position of the capillary after the fold offset motion is shown in FIG.
5F.

f0028] In some embodiments of the invention, at the end of the fold offset
motion, the capillary 11 is raised again (in the positive z direction) a short
distance (herein termed the fold factor) to pay out additional wire. The fold factor




| ength of wire extending fromthe top of the bunp 56.
The distance of this rise is herein ternmed the
separatlon height, and is illustrated at 75 in FIG 4.
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application, it may be desirable to return to a position for purposes of performing

the bond at a position that is short of (as illustrated by path 78a in FIG. 4),
exactly the same as (as illustrated by path 78b in FIG. 4), or long of (as
illustrated by path 78c in FIG. 4) the original xy coordinates of the capillary prior
to the fold offset motion.




factor 77 was zero. The inportant aspect is that a
wre fold is formed on top of the bunp 56 preferably
extending in a direction di rectly away fromthe second

Th f f bget t
(RS T e P b §MiTr BB R e & e o
cahpartest pothe folst r@tmrn modticomalF@ may Heczegd or veryramahit. eowever it
n&ﬁi Hitbe difceMBY %LES nBtdlO! J’]h?’ Se Qi%s@alﬁ@ méri}éﬁlu @i%mr%tFnceﬁ Lhat

mever as no reV|ous enent
therbang eory Wé&ﬁtth%hump thernaadg morbef Wdozg ﬁﬁtﬁed?’f'gb'ﬁa|t>¢9{e

coordhhtea oy tm_e&aw%ray bﬁalcta ﬂm fbiaeofffsepﬁ{oabh @ne h%@@ﬁ%lﬁa%

| eti W re and/or th
R RERS of e tantREn vhER 1t Rads SeIuBP M HOTRER th PYmEY
Genaaally, hoequer, tiard shppla Pt 2 1685t leitér 4 Aen-REfiofRE @hdtion or a

T M A AT
loolheo fameindiogtecapeeifiad dirketidroll thd lsehcerof bath, tHaegiesution gf
thgrfoIH '}ﬁam%tv{upé'@aﬂ{es gﬁd?(?dé &@5%9 Qtab‘e argﬁgr P\?g @S?Jngr%'t lﬁoentdC{o

basonin the SbsgeA of a1y SanRificans hohaetabnogemin bathehe SiGobat
mBaéMarPehd sFrdet Fétuﬂ') motls?f a&%ké’nﬁp%emlﬁa l&?psfor ed at all or

illustrated by path 78
a P?Q'E&'? a?%deuﬁ/mﬁmaﬁtU?ﬂt brerdesllr@lezn SQTAR cmqrgﬁtﬁmes)(y
coordi nates of the capillary prior to the fold offset
[omaz] 'Dhna haridoR€s} Llffdréhdel it Resa e BNERRAHIAEIRE Sf ki YAi m-hy at

|
this ottt e WopsaticTrt e g inE et e bR s faimmed is
terogewb ther fold tetumeddendh dbieersiveres, thaSolidusturn @ffeel, isithe may
dl#?&eq(?esfnrtﬁg xﬁ dlrﬂeﬁs%r]i Bé{\}ve 'nrtﬁg P %l S E)\{?atnan%p'lei lﬁorlzontal

be made s
Comnogemfaq’f the f@idaset@lrrn atogionoff thl ay@ampbherrtynfp;he 6old retutrine

m&t%rﬂ?@fsfiég th'gﬁtthé’ﬂalt.(l 'oﬁ’get'mbp&'l 9%' tglgrf&lj é%u‘n Bﬁ’gétdihnat es

of the capillary wh It
| repisEHaHEy 3 PO@EWQr"&'I”I"%ﬁr H&he\hérizorttwecp@p@newﬂ ¢f the feld return

moteRsts R Ibll?@'r tRaf e foR @ffééftfn%ﬁtonnﬁ IR M réurmOfseh§s O
hori zont al rTPonent tothe fold return notion in

repfegRter g5 eIRIETYHBUMPBE I £ ol 9ifSeh masion ARnd thegald return

matidneZd have thersatrieexyad 26 EdizohtabombgnitUts dinef Ghé §dld bturn
ofégte f ol d that the wire takes nay be unpredl ctabl e
dP &' fay vary frombond to bond. In the absence of
any significant horizontal nmotion in both the fold
[003F]sAdtthe ot iob theafott tiernombiien, thetcapiflanyds icomtactimptie topyof

th#ﬁurrﬁg gGOE!Ifg)e@ rﬁ{?@u{)e%ﬁ@%e% lﬂheqrp oﬁhg%gﬂa |Ig{¥21|[1 al%’]&e

IS may ac desi ra I N sone ance
buppe3g phqwie irBYG. ién@tauhls:lpmf\brtbaweﬂ@s\heen pmteed,ybut not

se@&@ﬂ dA@@taﬁsth@fpoﬁrﬁetf‘reaﬁcl)h&‘BV tr%t flv e!?bn\%ﬂéﬁ#t:@hecﬁ El)ﬁtdr% %f the

03|t|on of the cap
OV?'@P rf‘é'&eﬁ‘ forW@Eq Yrir8 leqie(ifeol t@erfeleﬂmi [%Fcf"é!lé'?tedi AS csheawre has

not\BéélSsevieh®! dindedineaiedihid b6k drécdsBethe fold 57 is continuous
with the bump 56.

[0034] The wire is then bonded to the top of the bump 56. Heat and/or ultrasonic
energy may be applied to facilitate bonding of the compressed portion of the wire
to the top of the bump 56. However, the bonding process need comprise nothing
more than simply pinching the wire between the tip of the capillary and the ball
without severing the wire. One may call this bond a stitch bond or a stitch-like
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the die surface intermediate the first and second bond sites.

[0039] The primary purpose of forming the fold 57 on top of the bump is so that
the wire exits the first bond site generally horizontally and pointing toward the
second bond site, thus creating a low loop height. The fold is generally elliptical in
shape with its major axis in the xy plane and the wire exits the end of the fold
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~ [0044] We have found through experimentation that a separation height and a
fold offset slightly larger than the wire diameter (e.g., about 1.01 to 1.55 times
the wire diameter) achieves excellent results. Furthermore, the fold factor should
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tches,c achi eved th the . ,
od HibBe VLB Bis'Saiie Barics 3¢ ik SRpetp i a7 i g 5 mil
tfi@e‘ouw‘éset Aé lsblj.ﬁ‘p‘m! gnah dhhe ﬁadmfﬁcezs'sﬁds dndil $end wiredf autiameter

of f&ﬁlg a‘l‘rlueée @?%@Eg? ?%uf the fi% Eleéé'ﬁ{ﬁrﬁ vﬁ% én%f’ﬂd?g the wire

W e
ar@éﬁ@ ﬁ@ldeetﬁewrmtha)vﬁrboﬁthe&re §57<sf<é¢rretuumptrgm [A§ starts.
control circuitry that can cause the nachine to

[00RE] PRETHIN PetDFPHBESR TS JESRTIhLEH e IREEIKpe RRRDBL Y. ifthe
rises a digital processing device such

circuitr
Pt o B B G P oD SBORR T e Hed Py ova)
paa'agieﬁdrs S ecER I/, (1 pthesdfaieendrivhid eold Peta MBS PatdAbter

R S b A PSR gl JBEL o ene e
retiirgiretion) mod €2} thegbursp height {whikle, aleng with tthy fald faaters es
dl&afe]%rmgtv@ftlcaF %ﬁné%\éﬁpg¢ﬁ{é I%B.X‘Prl'ﬁ&ll qm lar gel y, 11 not

exclusive € software tor programing the
uter to control the wire bonding machine to

(0846} B fareTe aprebii with esetah Aeioumptipro nsust 04} faby without
o@ﬂylfm@hm@ tﬁ@ﬁuhﬁ%#b%% H%Ht%nﬁgr@m Be Q%gstnb@dam@

eCtI , We Ccan achi eve desired ape
(o N4, Be? NEEPIsiAlCs GoMAdR SCBRImHER helttaty i
exenqmqltae bEulrﬁ he@r&h@vxﬁzsmn@rhcafné JophRARh HefgHt AL, 5WRI EThus,

g e Tt S5 liSy s BT oS il o 9 Bamp 566 Thisy

préBdesThust Enowih fdtreagignartthe mdre(tepan ahe tn“hd ithgt flatbening the

bL{jni}% gi?ﬁ)lffl {th'ﬁe %]8’ %t%lnfj o{f%e%\ﬁ %ﬁl% er%}mp% ?C# I51\|/IZ:\;]\%:icphneweans
théh'é‘ﬁé’lnabﬁOSImm tﬂfdtlhd capifiatynafbar theféld metuar endtioo 718as @& setad.5
mil RbAEIntIR) Forh RAD cé’rﬁzé B%e%fﬁawgypﬁ%c{he #Ecotnﬁ end 60

notions are too snal not be orne
ThepesethiBgs pasiike thajithe Sk§¢ of the 'w & i5iAentaned qaﬁ@geﬁthe bump
56/ 0044] We have found through experinmentation that a

separation height and a fold offset sllghtly | ar ger

the wre d| (e. ahout 01l to 55 tines
[Oé!ﬂgnwer‘%'“\’cli\%&ﬁé?% S'”%E’H%%%"&(E%P? E"rﬂserpéﬁfﬂ%@rs is shown in
FIGUS.t Onearnmounie pletdxeeifim:edta‘l ?EMﬂEsShQLH\ﬁréﬁé Ib6p Beiph® Ui:hg ‘E!?]ese

e e _of FlI 7.. the separation hei ght

palihitBe Wik & PP yrh 103p, feiats Was S 83T | ©0 %1 e
fold factor 77 is 1 ml for a wire of a dianeter of 1
[Cp48]) Havinelws slestribeds feaypartitulehempodipentsaofdhatingintinn) e
vaﬁ&?s Qﬁglaﬁ A ot tlo %lt‘lﬁq ?‘)Qo&%ﬂ%?ﬁnlf Efgmé){ gﬁug to those

vertical before t urn
- skillggh irsthemie Sl@hcﬁlheéqtmnﬁ, mﬂlf'@atlmg afst impipveerenth @s Breaiade

ob$idaP By his eIl are liftehBEd tdPBE bh%oF &his '&Egd?ipﬁsn WRoHERbt

the fold return notion 78 is specified b
expressly stated herein, and are intended to be within the splrlt and scope of the

invention. Accordingly, the foregoing description is by way of example only, and
- not limiting. The invention is limited only as defined in the following claims and

equivalents thereto.

11




paranmeters. Specifically, (1) the aforenentioned fold
return offset paraneter (which, along with the fold
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the final position of the capillary after the fold
ret . 0 ' ont from
t he G 5PRNgEnd Rirereb 2 ine bimg aer PSS ol 60y
These settings ensure that the S|te of the bond 58 is
cent(@ eentiniobgly fomippa Wikrposdety i topef Wie bumnpepd the
sek@fbdrid@te; am bondi ng using these paranmeters is shown
in FIG 8. O/er mul ti pl e experinmental sanples, the

aver ht using these paraneters was 2.3
@%ﬁg fﬁﬁ& F wﬂﬁ a&ﬁh%%gcgﬂﬂ bad sie k fRrmingte dagyvire loop.
HaV| ng thus described a few particul ar enbodi nents of
t he 2.nvemmheonethod af clairs 1akiieemtthondd ofahief ik gahér@ng elliptical
ingggpiejhnpr ovenents will readily occur to those skilled
[ e art. Such alterations, nodifications and
i nprovenents as are made obvious by this disclosure
ar e 3 nt erhednetbowef paire 20fharpinghe é3Jd of pliiecaxtendsiugla not
. d:r%é@ér?&.ﬁisi/arﬁiaﬁw} ggp&.@tre%f% dlﬁézgoﬁ'ﬁ%rﬂ fHeSH1dE oﬁ@s%?to hEh' n
he spirit and scope of I nvention. Accor
SEFCHE' B ng descri pt i on | s by way of exanple onI y
and not limting. The invention is |imted only as

def |4ned Mhe tnhethb@ bf Qang mieaeuﬁ&h@mre 166 EXiBd BRI DD of the
ther A met hod of form ng

bugl%i’ %[béa) W?E?Eﬁﬁlﬁe@f'”zﬁ’ﬁ%en a first bond site

and a second bond site, the nmethod conprising the
st eps of Thé hethanhdf dglnalwirl'r%elhdthé hrefloss inter@asheit iscfotred

w8 PR PR, S ERE 5 ) ™ <

machine comprising at least a capillary and wherem step (2) comprises the steps

of:
7 (2. 1) raising the capillary vertically above the ball bond;

(2.2) moving the capillary horizontally away from the second bond site;
and

(2.3) moving the capillary horizontally in a direction back toward the first
bond site.

6. The method of claim 5 wherein step (2) further comprises the steps
of: ' .
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havi ng a rraj or axis extending substantially
hori zontally; (3) bonding the wire on top of the bunp

after formng the fold; (4) continuously formng a
the second

wre Loqp_bet en t he t

bond (é ‘gé'a's E& P‘ﬂ%"ﬁ(a‘?@ﬁﬁe%ét% ?%ngta”f’ k&3decond bond
site to termnate the wire loop. 2. The nethod of

clai i 1 whiee giethddhef dainds ehetsin step 2gBriatladdsymoving the

ihdrPtb W shape. 3. The method of claim2 wherein
Capd”l’dr? %ﬂlNPr re extends in a direction substantially
opp05|te of a direction fromthe first bond site to
"t he 8secohfie BeHPdsefidaimg witkkeimstendd. Dfcoglpgises @oving the

cé’M’lHr?'thi&]ﬂaW & QistRE 1&%ithsn Eﬂ"éeh&%n‘égf d‘s@@nceti#ﬁmrs@f:ltlﬁ tep
(2;12 p (3) substantially horizontally. 5. The nmethod of

him1 wherein the wire | oop interconnect is forned
with a ball bonding machi ne, and the bunp is a ball
bond9. t heTHzamletHaeingidegm Mmabliehethzomfet bendgteis Higas thah the

nd wherein step (2) conprises the steps
Se%?% %5% )i(l)tgr aising the capillary vertically above the

ball bond; (2.2) noving the capillary horizontally
away1@.r onThehmethadonf ¢layoriiwbeneln therfirs{ Borg) siteoisiong t he

serBrdufor J@Eh@%@cbﬂd b@ncﬁs@é ir ecﬁ'nté QIIJ a%@%"’c‘ cér%y}ﬁ ghé he

first bond site. 6. The nmeth o wher
segqiggndustordig-t her corrprl ses the steps of : 12 (2.4)
raising the capillary between steps (2..2) and (2.3).

7. The lTEtHanrdeﬂfonif%Ial’ﬁ'lﬁi whereri ﬁeﬁgzn)rﬁam%}:ts%ﬁ?ksu@&e
e ne (0]

ving the |1 ar
i gisiinse et Rty ishyes I 2 clbetelsr HAvHG t he
capillary horizontall y a d| stance | ess than the
hor i Zont alhednsthad of ctairavdnglegteinrthetdiqtandeZn 2jep @.1)Tis@bout

E‘%H&qhgfd,% emoflsé@@% |n the first bond site is

her than t second bond site. 10. The net hod of

cl ai m 9 wherei n the first bond site is on a
13.  The method of claim 6 wherein step (2.2) comprises moving the

capillary a distance slightly greater than a diameter of the wire.

14, The method of claim 13 wherein the distance in step (2.2) is about
1.3 times the diameter of the wire,

15.  The method of claim 14 wherein step {2.4) comprises raising the
capillary a vertical distance about equal to a diameter of the wire.

16. The method of claim 6 wherein the distances in steps (2.1), (2.4)
and (2.2) are selected relative to each other and a diameter of the wire so that,
at the completion of step (2.2), the wire extends from the bump at about a 30

degree angle from vertical.

17. The method of claim 7 wherein step (2.3) comprises lowering the
capillary a vertical distance greater than a distance of the moving in step (2.4).

18. A wire loop interconniect between a first bond site and a second

bond site comprising:
(1) a ball bond at the first bond location;
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sem conductor die and the second bond site is on a
substrate carrying the sem conductor die. 11. The
net hod of claim6 wherein step (2 1) conprises raising

e R S A0S S e 5P kv

majrereaisnextereling sitmtadiallp hotiegntéid, bY ldast alpottton df.the foldws
mg%eﬁlgaas‘ahsa oﬂfo gmevnauem }3. The method of claim6

erern ste rises'moving the capillary a
di st ance sllghtly greater than a dianeter of the wre.
14. (R wie i betwesnaihe fols! afivdresnd theesegprd herebsitea the wire

Ioﬁb %meﬁsﬁb wlie @RAHGouslyith thd R bheirdll et er of the
15. The method of claim 14 wherein step (2.4)
con‘p ises rais the capillary a vertical distance
about™) égpAd actéh%g%ﬁ%ﬁé’t"é'lﬂ SiF teRENgyGthe e e ergaaect.
of claim6 wherein the distances in steps (2.1), (2.4)
and 12. 2)Ther eirs Eopdhieecanakett df wtaiinol Seahérent therfolainst vére is

géyemteglr ;y;f |¥1t§‘ﬁa re so that, at the conpletion of

re extends fromthe bunp at about a
30 degree angle fromvertical. 17. The nethod of
cl ai2R-7 wiFerwire logp drte(cpnBcto e msEswhergiar thedoldraf wire

ex"EéHHs' |h Fhy h@rlﬂﬁfcél 'd‘?r@l:tnﬂ'l ﬁ]t @Hﬁ&t%es%f)@t.ranﬁg\ﬂnoﬁogité bpgpce

NoVi nfg 4). A wre |'oop
d”l'eﬁf'%'P E’SHhﬁ@t rﬁtel?%é'e?ﬁteal:°ftf‘?§?c%‘6'nt??“§|%‘f€ and a second
bond site conprising: (1) a ball bond at the first
bgndzal oc atheOire [bapﬁr&)aro’@nﬁ@(ttcbf(%falw AewkEratn thdQkife Mbb Rexits
L he

g S RSP0 e RFPH S RemtL B by BBk Porgbntaly

portion of the fold of wre bei ng bonded on top of
the 23al | Thendre (E8p intemionsedtaduldiat iewnereinethedirst mind site is

hggﬂgr%hgﬁﬂ]etgg%oﬁgggﬁm%[p@nd site, the wire |oop

conprising wre contrnuous with the fold of wire; and
(4) a bond at the second bond site term nating the
wi r &3 oo ervies wep irtefconnect of kim 22ewhersin thatfestdumdesite is

ondd sérhRbAABoMNIERRY Bhd %oﬁ@'b@n@fﬁt&\"d@n h SubgRNe M Mg the
elliptical_ in shape. 20. The wire | oop interconnéct of

SeEicongHetgT iger ei n the fol d of wire extends in the
hori zontal direction in a direction substantially
oppaEi. t e fofnethoddiff@etingd Wir® rooblfer & semicohoindosélbericsl

int%&%nﬁgé\tu d o%opqgmsg' tﬁne ‘steps of:

(1) forming a ball bond at a first bond location using a wire bonding

machine with wire, the wire bonding machine having a capillary;

(2) raising the capillary a first height such that wire attached to the ball
bond pays out of the capillary;

(3) moving the capillary horizontally a first distance in a first direction;

(4) moving the capillary in a second horizontal direction substantially
opposite the first horizontal direction, thereby forming a fold of wire having a

major axis extending in a substantially horizontal direction;

(5) forming a first stitch bond on top of the ball bond;

14




21. The wire |oop interconnect of claim20 wherein the
wre |oop exits the top of the ball bond toward the
second bond site substantially horizontally. 22. The

Wre erco of ¢ m 18 wherein th

pond QPR HRR o &l od St P eoidnt bigt bona
sifthe wire Ioop i nterconnect of claim22 wherein the
first bond site is on a sem conductor die and the

secofd By idkLorlPsifih Roid BEIHALLoRAbN Qb LA

sem conduct or rmng d wre |oop
for a sem conductor electrical inter cpnnectl on

conmp'®) SEYRJINgriPe Hies adiagent thy secopdibagd siteal | bond at a
first bond location using a wire bonding machine with

Wi r €25.t heThsi metrberuﬂlclwnrmc\hhé‘remhawmge |ao|9 aPiokhad ith(2ball
t.he a first height suc

odiPiri R0 cFRBNsE P teBet ALY af YRR he Rt reyen is
subShanhiey agay fremcidei sekbard/bdrar simomidathk eeorfd disdctidhs¢ ance

stQtaﬂt%ﬂ\)’ﬁ,ﬁma% {,fg%écgﬂa béﬁ& Spving the capillary in a

second ‘horizonta I FTEection 'substantially opposite
the first horizontal direction, thereby formng a fold
of e Haviragoadingapashinesosnmsising di ergillany aa wire delivery

sy§$é?§?cﬁ8@§1!3|?gin)ébv§% trzremr% b%#er ﬁﬁthé QQp.uérk}) 5 %%ﬂ Fofitrol
SYRGR fﬂj cPhigoling, mqttswftttbe @@'&aneuewrsmémé 5&%@@ inelyding

circbieryffor;st bond site; (7) formng a second stitch bond
at the second bond site; and (8) severing the wire

2 955 158 BER LSy 17, h O

bondlng machi ne conprising at least a capillary and
wher(@) formirg 4 fold tof diineaontiowoLisswiths tHestizaiidnal, khe @byl wire
I nd direction is
e B SR G e B S B RE o 56 Wi re
bondi ng machine conprising: a capillary ; a wre
del i(FpHtch bgadipgmthefold ebmrs*mﬁgcowof the balbajid;a bore in
the capillary ; a notion control systemfor

cont(nptddtmgoam{, FerhiAg atwiR: 168 betwidel, thk Rrd Mid &% a second
bo gntro%q{gystem including circuitry for; (1) formng a
Bar at a first bond site; (2) fornming a fold of
wire continuous with the ball bond, the fold of wire
(5) forming a stitch bond at the second bond site to terminate the wire

loop.

27, The wire bonding machine of claim 26 wherein the circuitry for
performing task (2) comprises circuitry for forming the fold of wire so that it
extends in the horizontal direction substantially opposite from the direction from
the first bond site to the second bond site.

28.  The wire bonding machine of claim 27 wherein the circuitry for
performing task (3) causes the wire loop to exit the top of the ball bond
substantially horizontally.

29.  The wire bonding machine of claim 27 wherein the circuitry for

performing task (2) comprises circuitry for:

(2.1) raising the capillary vertically above the ball bond;
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havi ng a maj or axis extending substantially
hori zontally; (3) stitch bonding the fold of wire on
top of the ball bond; (4) continuously formng a wire

| oop, petween the wire fold and a second bond sjte =

and (5 VEF e e sl R eau v GOBE e T e e
ancdb termnate the wire |l oop. 27. The w re bonding

machi ne of claim 26 wherein the circuitry for

erf%@a&g}riha&he (:gaiuﬁaﬁah%@ﬁé%ﬂnr ngiigé{t.’nrénf e kAP first

p
t he Wre so e the hori zon

bafidrd%t i on substantial ly opposite fromthe direction
from the first bond site to the second bond site. 28.

The 39.r e RAWiIrdGohBAGMRNME oF R 2D/wHERHeIhe drBGitry for

circuit for: erform ng task (3) causes the wire
Pq 65'"190{%%(?-39 ﬁg"‘PBﬁeso‘f'”gﬁB’ f‘%a"voJme @Rilenaherizenially a
distance lead ehdnythe 2@rizdital distaacdoadiegd mslapne.29f cl ai m 27
wherein the circuitry for performng task (2)

vor hal | EaE bidnd Rlgcning otbet st QRS Bl e
comsises ardjoitpd processing Heviemay fr om the second bond si te;
and (2.3) noving the capillary horizontally in a

di r e | onrHadgike bOWRAS nalRink Iof Blaim BRNEhetbintthe Jbital NE

wi re bondj ng machi ne” of claim?29 wherein the circuitry
Precsssing Sevise FPRY isassk COPPater FYRinG suapter softvake. f or

novi ng the capillary horizontally a distance |ess

t harg3t he Aesrhaast edaddbiBtirodect ForaooptSahgl whs 8Bndidg 2) -

31. The wire bandjn chine of cl.aim 30 wherein said
medhing AP, ASPPLEY, R tsPURRE GO B8
cofftpaten execigahldi ingtruntiohs fe: of cl ai m 30 wherein the

digital processing device conprises a conputer

" un NRrERTEPY b8 3G 8Tt Ry sftefoPUter T eadabl e

pr oduct controlling a wre bohding nachine
conprising a capillary, the conputer readable %Ir}oduct
conp?] ErRNg 2 &oip of wirespabinyaus| vath Hst ballclhansin shef ioid ofviye

haf/FhPrH majck e dxtORtifg %bﬁaﬁtiaﬁf?ﬁo?%ﬁaw;t e; (2) formng
a

old of wire continuous w he ball bond, the fold

of wj : .
V(\%{ gondmg the wire on top of the ball bond after forming the fold of wire;

(4) continuously forming a wire loop between the top of the ball bond and

a second bond site; and
(5) forming a bond at the second bond site to terminate the wire loop.

34. The computer readable product of claim 33 wherein the computer
executable instructions for forming the fold of wire causes the fold of wire to be

generally elliptical in shape.

35, The computer readable product of claim 34 wherein the computer
executable instructions for forming the fold of wire causes the fold of wire to
extend horizontally in a direction substantially opposite of the direction from the

first bond site to the second bond site.
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havi ng a maj or axis extending substantially
hori zontally; (3) bonding the wire on top of the ball
bond after formng the fold of wire; (4) continuously

form wire | gop_between th op.of.  the bal| bond

and 28T e faP bt HhadiE ot PRk as Miereiihe SompHer
exszotaite metrdctiansdort bortdgtgriheariee bhdopbf ehel batiphon84auddsethe
W lexdit&513 t..0f ' . i

e &R Sh R e ol bbb BB el ¢ 1

of wwre causes the fold of wire to be generally

el | i pfi calhg srrapipereadablemieducs oh gabm 3pedeatin she comauter

exticutdb®d MsGActidhe T8 PRy the TR Ld? fwireesRepHsab kémputer
tions . for formng the fold of wire causes the

i nstruc .

SH bge?mﬁr?g'otné foraxt end horizontally in a direction
substantially opposite of the direction fromthe
first2.boraibirg the depilbheveardcalydabesdhs bakboddy 36. The
conmput er readabl e product of claim 35 wherein the
conp, e : i f i.n i.f e
o T 7o e e bl BhEATE HRay o B Ssbthd B

and omthe top of the ball bond substantially
hori zontal ly. 37. The conputer readabl e product of
cl ai (. 36muiah Shdcdpitary ABREERAEIly AYEaRh Dkl sdvtath Adst
for formng the fold of wire conprises conputer

bondesl6t abl e i nstructions for: (2.1) raising the
capillary vertically above the ball bond; (2.2) noving
the capillary horizontally away fromthe second bond
site; and (2.3) noving the capillary horizontally in a
direction back toward the first bond site. 17
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