-1- METHOD AND APPARATUS FOR FORMING A LOW PROFILE WIRE
LOOP CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional Application No.
60/646,950, filed January 25, 2005, e contents of which are incorporated
herein by reference. FIELD OF THE INVENTION (0002] The present
invention relates to wire di L conductor de and more particularly, to
PIETIHODRAND HERARAEUSHOR EQRIINGNAVID ¢ ROEHEWIREfOOP
semiconductor devices. BACKGROUND OF THE INVENTION [0003] I n
the manufacturgReloearioHS-ENBIEQRIIHEIoNERY as, Wi dieading
techniques are often used to connect components in the devices. For
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and contact rame. An exemp ary conventiona
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refeff@nge, using ball bonding), (2) extending a wire toward a second bonding
location on a leadframe, (3) bonding the end of the extended wire to the

second bonding location, gypd itAd euttingnieniren0004] There is
continuous pressure in the semiconductor industry to reduce the size of
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us, various technlque%emstto redyce the profile or height of wire

and MMBPREHASY. dSRERALRE ThiYWRIC dWE%H%iBe%O%ﬁ@'gﬁéﬁ'th the wire
bondiagheligesriesrduetorclagiaisy” (e.g., 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 locatBaCKgRDINDWIFETIsSECINSRONI@Ntop of the wire ball,
the wire is then extended toward, and bonded to, the second bonding
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bo“dﬁtﬁFﬂSOEPWé‘éRﬁégéjfﬁ\fﬁ\@ m@cgﬂmgyw between a die and contacts on a

leadframe. An exemplary conventional wire bonding operation involves (1) bonding to
a first bonding location .on a die {e.g., using ball bonding), (2) extending a wire toward
a second bonding location on a leadframe, (3) bonding the end of the extended wire tc
the second bonding location, and (4) cutting the wire.

[0004] There is continuous pressure in the semiconductor industry to reduce the
size of components, and also {o increase the 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.g.,
using a capillary too!} a wire loop on top of the first bonding location (e.g., a die) after
depositing a wire bali on the first bonding location. After the wire is crushed on top of
the wire bail, 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,



in the region just downstream of the crushed portion. This weakness may
result in unsatisfactory and inconsistent pull values in a number of
applications. d - 2 - [0006] Thus, it wguld be desirable to provide a method
and apparatus for providing low profilé wire bonds while overcoming
certain of the deficiencies related to conventional techniqgues. SUMMARY
OF THE INVENTION [0007] In accordance with a first aspect of the
[ogmregent inventipnittheselis Hyovidedmanetheebofdeoadingtadiraetwsenatus for
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comprising the steps of: bonding a first en rst Ing
ConRAIIR LSRG bonding tool to form a first wire bond: forming a fold

of wire on top of, and in contact with, the first wire bond such that the fold

of wire includes (1) a first{pokrghy eXEe il VENTIREN first wire bond in a

first direction, (2) a second portion extending in a second direction
[oofkibstantially apposithandrstibstafitisilyaperallef taltbedfiesiediraetiention, there is
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mmedlatioy after the formln step, the owerlng step being interrupted
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accordance. with a second as ect of the pr nt invention, th e
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the first wire bond such that the fo inc udes
PrOSAR ABMY o AP IS SPRiRO BIGRENRE éhﬁrétraﬁr\é!&ﬁohmcé)%Cﬁewa%ﬁ%wmg tool
doegxtendimglinte Selcoolvwdire ctidh s filbstamtialyoop pasitetand isybstantalyend of the

wirdesalleLig AR ik cirectifpythe step of forming including in order: raising
the wire bondmg tool above the first wire bond, moving the wire bonding

[OOIQQI_]away?’ ?dance with a second aspect of the present invention, there is
provided a method of bonding a wire between a first bonding location and a second
bonding iocation, the method comprising the steps of: bonding a first end of a wire to a
first bonding location using a wire bonding tool to form a first wire bond; forming a fold
of wire on top of, and in contact with, the first wire bond such that the fold of wire
includes (1) a first portion extending from the first wire bond in a first direction, (2) a
second portion extending in a second direction substantially opposite and substantially
paraliel to the first direction, the step of forming including in order: 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 moving 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 such that the bonding tool does not bond the fold of wire
to the first wire bond; and bonding a second end of the wire to a second bonding

location.

[0009] The method according to embodiments of the 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).



first wire bond, raising the wire bonding tool, and moving the wire bonding
tool towards the first wire bond, the moving step being interrupted prior to
the wire bonding tool contacting th_e{gst wire bond such that the bonding
tool does not bond the fold of wire to the first wire bond; and bonding a
second end of the wire to a second bonding location. [0009] The method
according to embodiments of the present invention may also be
embodied as an apBRI&ETS SOR A5 part st ThE inteligenese of a wire
bonding machine), or as computer program instructions on a computer
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of the various features are arbitrarily expande or reduced for clarity.
Included in the drawing are the following figures: -3- Fig. 1 illustrates
techniques for forming low profile wire loops in accordance with various
exemplary embodiments of the present invention; Figs. 2A-2H are
diagrams illustrating a method of bonding a wire between a first bonding
location and a second bonding location in accordance with an exemplary
embodiment of the present invention; Fig. 3 is an illustration of a wire
bond formed in accordance with an exemplary embodiment of the present
invention; Figs. 4A-4J are block diagrams illustrating another method of
bonding a wire between a first bonding location and a second bonding
location in accordance with an exemplary embodiment of the present
invention; and Fig. 5 is an illustration of a looped portion of a wire formed
in accordance with an exemplary embodiment of the present invention.



DETAILED DESCRIPTION OF THE INVENTION [0011] United States
Patent Nos. 5,205,463, 6,062,462, and 6,156,990, as well as United
States Patent Publication -No. 20 04/0 1 52292, relate to wire bonding
technology, and are herein incorporaged by reference in their entirety.
[0012]- As used herein, the term "looped portion” refers to any bend,
curve, hook, hump, or fold formed in a wire to be bonded between a first
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"looped portion” according to the present invention do not necessarily
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in the accompanying figures, [0013] The present invention relates to a
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techpglegingand are herein incorporated by reference in their entirety.

[0012]) As used herein, the term "looped portion" refers to any bend, curve,
hook, hump, or fold formed in a wire to be bonded between a first bonding location and
a second bonding location. The two ends of a "looped portion” according to the present
.invention do not necessarily extend towards one another. Exemplary "looped portions"
are illustrated in the accompanying figures.

[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
capiltary 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.



operations, a looped portion according to the present invention is not
necessarily formed directly above the first wire bond. By looping the wire
away from the first wire bond (i.e., the "Fold Distance" described below is
greater than zero), a reduced profile4is obtained. [0016] Fig. 1 illustrates
various motions used in connection with forming low profile wire loops in
accordance with the present invention. More specifically, Fig. 1 illustrates
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"'Usta%ﬁﬁnwg?d%ﬁ@r %&%.amwgwarfﬁ@ﬂ?s WRELBARANSE ar Siep 'y eapump 100
is forgaed [(8-theomeatitia witely theadalvnwa)dtizen glisdsoenertiptetbprics touthp 100 is
loop&¥ire BRBYING FPhber ways (a plurality of which are described below with reference

to Fig. 1), and the wire is thereafter bonded to a second bonding location (e.g., a

leadframe).

{0(517] Fig. 1 illustrates various different combinations of motions (i.e., motion
of a wire bonding tool such as a capillary tool) for forming the looped portion. More
specifically, after a first end of a wire is bonded to a first bonding location using a wire
bonding tool (e.g., first wire bond 100), aiooped portion is formed in the wire adjacent
first wire bond 100. The looped portion is formed by a combination of motions. A first
combination of motions illustrated in Fig. 1 is shown in solid lines and includes motions
A, B, C, and D. A second combination of motions is shown in solid and dashed lines
and includes A, Bl, B2, C, DI, 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



contacting first wire bond 100. Following step D, a second end of the wire
is bonded to a second bonding location (not shown in Fig. 1). [0019]
Regarding the second combination of motions, the wire bonding tool is
again raised above first wire bond 18Q at step A. At step BI, the wire
bonding tool is moved laterally away from first wire bond 100, and at step
B2 the wire bonding tool is lowered. Subsequently, the wire bonding tool

h topl is Jaterally. moved to
oonig 58 & e D S A LB T U S

dong At g BI61 TSRS REHElY FRNASES,Atob 0K ORI} Step B2 A step D, the
motipte rlapge the riomtovtirel \aingid an ditegropal o griactingHir stivdredadng 166).

contE@#@dV'ﬂﬁt Hee 9&1@ ﬁﬁ?oﬁgiﬁ%efﬁéﬁ wre, '§e@9m§j%qo(q;ﬁﬁ?ﬁtlﬁg%oﬂoﬂded to
ge)}{#o a ? boEss[{) %élocatlon not shown in Fig. 1
259 %r}%{gln Pk RSN SIPATEE 1R B8y, W may be varied while still being
within the scope of the present invention. For example, motion B2 may be

[0019gated EFRARININGUER RooRTbRERINTHEOSUBSMAtANS. |deraimmdwoniagvigo! is
agaifromisfirsabone ficstidwit® Goiscfdltmna cstey Motianstep YE! anethes a&tﬁrmagwaol is

mov@@%%pﬁige%%}m%mqn&nﬁre(rﬂgﬁ@q@éoggoaach‘lt\%)wé‘ﬁqf?é‘]W?e #\’ ‘60%01 is

ith a motion along an upward an le away 1r

first wire 00
lowelads FAREEHS Ztg PIRHANSRsR G %r‘ﬁﬂﬁ‘iﬁ%ﬁ’é Btﬁﬁ&loﬁg‘?ﬂdgﬁéi’éﬁ in
bonqmg toclris !g(tg@fmgm@ fovasniplmsiiomulimresiitst BYr€, tamd DOt Atep D,
and B sfeplb2antt 2icapohd?h o8 & idhlerdld Pide EHWH%%”EH%HOEW step D2

t
o T R AR LRI 5 LR e AT Totonns
S"epc%@ 6?@8@@1@%9 o%mwmsbmsﬂ@# Giler sndentionlinidhe wireletthesecisnd

bondirg nietidiorc gnee sgr@veing g3 o). Bl). Thus, it is clear that the present
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an upward angle away from first wire bond 100.

[0021] Further, other combinations of motions illustrated in Fig. 1 are
contemplated, for example, (1) motions A, BI, C, and D; (2) A, Bl, C, DI, and D2: and
(3) A, 8, C, DI, and D2. Further still, motion A (a substantially vertical motion) may be
replaced by a motion extending along an upward angle away from first wire bond 100.
Such a motion could precede any of motion B, Bl, or C (in an embodiment where there
is no motion corresponding to B or Bl). 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.g., a capillary tool). Fig. 1 illustrates a humber 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 Bl and B2). "Rmot
Angle" relates to the angle between the reverse motion direction and the vertical plane.



to the distance and direction traveled during step B (or steps Bl and B2).
"Rmot Angle" relates to the angle between the reverse motion direction
~and the vertical plane. -6- For example, the Rmot angle between the
vertical plane and the direction travegled during step Bl is 90 degrees.
Likewise, the Rmot angle between the vertical plane and the direction
traveled during step B is approximately 115 degrees. | n accordance with

th tion, the Rmot angle could be less than 90 d
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Wire bonding tool 200 is then raised in a vertical direction (i.e., the "Kink
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200 tisehoreds laterally away from the first bonding location at Fig. 2C (the "Reverse
Motion™), with an Rmot angle of approximately 90 degrees (simitar to direction
illustrated in connection with step Bl in Fig. 1). In Fig. 2D, wire bonding tool 200 is
raised vertically (the "Fold Loop Factor” motion), and in Fig. 2E wire bonding too! 200 is
moved along a downward angle towards (and partially past in this embodiment) wire
bump 202a (the "Fold Distance" motion). In Fig. 2F, wire bonding tool 200 is raised to
allow wire to "payout" of the tool. In Fig. 2G, second end 202d of wire 202 is bonded
to a second bonding location, and in Fig. 2H, wire bonding tool 200 is raised, and wire
202 is shown cut and separated from wire bonding tool 200. As shown in Figs. 2G-2H,
wire 202 extending between a first and second bonding location includes wire bump
202a, looped portion 202b, wire kink 202c, 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



to a second bonding location, and in Fig. 2H, wire bonding tool 200 is
raised, and wire 202 is shown cut and separated from wire bonding tool
200. As shown in Figs. 2G-2H, wire 202 extending between a first and
second bonding location includes wire-bump 202a, looped portion 202b,
wire kink 202c, 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.
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the diagtamdiniustrating andettensplamtnbetiich ok duipding nvivg. 402 tbveenp 402a

on eﬁ\f&% %@wé\%ap@g'mns%@ea %%cgaﬁdoea%@s IQCANORrst By HaiSHaethot
ndmg tool 4 00% A Eﬁpnlar too%{for bonding wire 402 btetween 4
shof, ﬁrsigb Shdifie1BERRTH ANA Bl Seddhd HERaRRT e, #4%ig eR girgd in

vertigginfiradiza dreantemdofiwiieidtd mdtiosiraedlastibbidgibdigetBto\tiee bonding

tool i hﬁé}dlﬁ@)\l@@&ﬁ@ﬂaﬂmb\ﬁé}ﬂwﬂnﬂFéQ“rét“\b@ﬂ@l@Pfﬁ%ﬁd‘@é‘t @id g oﬂ(!ae
"ReMg B%%é{:r%n?’ %1'5 fhl als %ﬁrésa \’X\}/??rg%ge:?gihedﬁg?(ﬂ Eo the Eakteral

mot'ﬁﬁb e g\ﬁa\?%ﬁt tﬁé fﬂr@t Hoiedheydeatienl atOﬁugs lgwygtp@ generally
towdRe warsebitopiotlawiere tigidatexatiodbon is FgreasagsiacRmpatagh ief .

appr&@ﬂﬁﬁ@f@l 9'@5‘9@@%@@5&%691%&19 r,%greﬁté:dg Qr QUIEDANAN 108) 49%rvied .

ower nerally towards wire bum heé motion carried out in
out .@ga 269(1%3’%%%?&?1@8“8? I ﬁg%{ww% Fogiede Sramisaghandle in
excesapictilotrdresiys such andhab ilvsldledcanibdesoilidsy absirghdtm ctimedh ta

motigir g tieiFiglong a downward angle (e.g., an Rmot angle in excess of 90
degrees), such as that illustrated and described above with respect to

[00283tioN BitRig: L wire bonding tool 400 is raised vertically (the "Fold Loop
Factor" motion), and in Fig. 4F wire bonding tool 400 is moved towards (and partially
past in this embodiment) wire bump 402a (the "Fold Distance" motion). At Fig. 4G,
wire bonding tool 400 is lowered generally towards wire bump 402a. The motions
carried out in Figs. 4F and 4G may be carried out by a single motion in a direction
along a downward angle, such as that illustrated and described above with respect to

motion D in Fig. 1.

[0027] In Fig. 4H, wire bonding tool 400 is raised to allow wire to "payout" of
the tool. In Fig. 41, second end 402¢ of wire 402 is bonded to a second bonding
location, and in Fig. 43, wire bonding tool 400 is raised, and wire 402 is shown cut and
separated from wire bonding tool 400. As shown in Figs. 41-4J, wire 402 extending
between a first and second bonding location includes wire bump 402a, looped portion

402b, and second end 402¢,

[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-4J. The
iilustrated portion of wire 500 includes wire bump 500a, looped portion 500b, and



[0026] | n Fig. 4E, wire bonding tool 400 is raised vertically (the "Fold Loop

Factor" motion), and in Fig. 4Fwire bonding tool 400 is moved towards

(and partially past in this embodiment) wire bump 402a (the "Fold

Distance" motion). At Fig. 4G, wire Banding tool 400 is lowered generally

towards wire bump 402a. The motions carried out in Figs. 4F and 4G may

be carried out by a single motion in a direction along a downward angle,

sych as that illystrated and described above wjth respect.to motion D |n
R N R R R s
(whighyesimédr teetheomethaigillagtraledoindréasd 4626/ bf wipertion f bordedto
(reces3RAORSHRENEITH ) eratieniapsstindg . id Tontise oReingr taol o8l issataedwith

ire 402 o ated from wire,bonding.tool 400, As .

?noshoypg) ir;ofgi%?E%&B\Mﬁ%%@ﬁ%%ia%g%ﬁegtﬁgghaé?’ i SeCont (5% wire
Paysiidithy A Hane RIBEigre sa%aamaga, RSoPEBSHErBb a0 icangsed to form
the s'ém)hnb!en(&u‘lﬁ}mr, [m@ﬁlig;cfe?s@meﬂwsmtﬁmobamgmmmf awin%_éeﬁlery low
profiI MGG RREARD Lo SiMiRidn-tha diusiatas, apd desgribed above with

respect to Figs. 4A-4J. The illustrated portion of wire 500 includes wire

mp 5004, looped. portion 500h, and -8- straight portion 500c. Because

Foo%ﬁthe Wa%nev\(/vfﬁ%ﬁbl%nod'%% tﬁ&r Pé?.”&f)(?b & g?r%@d'“(’ﬁﬂﬁ:%nismsa%ﬁ?ar to
impigraeniehdt ADYPREIdTh Ry alive amediusettiohasaxaameo thretashsiqyes can be
instgizdion 20Gd)dtiag callapsied wysernseonincisvetigairdn (drisalmasiasiowith used

in cOMRIBRIPAROLPiNAG 200 JRIS ?&H@p&gﬁcﬁﬁwﬁa%ﬁ@g'y E&,@ﬂéh%e
amount of wire "payout” during the loop formation, and partially as a

teChPUALRS T IRIASH TIRBU 3P RRRYBhSSARRDIS TR RER ke tHReTId SialgsEvergory,

optisalrjigiz dirapietive dingseadiceiB00dmmy aarsey lowdiprofilepdiiiHomgueavingarrier

medA@RN @Y IHad iiiacy R RBOEINh a8 L e Wike bRPARSgram
cihnlqtues'a%éht%Qﬁeser}tel%\é%r&tlontt%nﬁx.be Implemented in a number of

instrg? iong). re . e Wi ng technigyes. .
aﬁerna ivE mediime. For examplg, e teoclhnlques can be installed on an

existing computer system/server as software (a computer system used in
(003 nnectioh it b EREEIRAEGWIRYCS HRBEAMNGGHRRINNES. ARSI
bengthmibakdmapbdperafedienaizoee thpist readdble g arsietifergthsolidestate
corré8gbReiYg portion of conventional wire bonds, at least partially because of the
reduced profile or height. Such stiffening may desirably resuit in a decrease in wire

sweep.

[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.



optical disc, magnetic disc, radio frequency carrier medium, audio
frequency carrier medium, etc.) that includes computer instructions (e.g.,
computer program instructions) related to the wire bonding techniques.
[0030] The wire bonding techniquesdlisclosed herein provide an additional
cLRgRrgdit in that the portion of wire above the first bond may be stiffer than
the corresponding portion of conventional wire bonds, at least partially
because of the reduced profile or height. Such stiffening may desirably
result in a dedreidsd ipf Rreds\weel i TobstyFathadbRttReAveHesAtign and a
sediugtried anbaassihed hargisadtivieieregeastecspeeific 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
rang®PBf BgUVATEN B Bothe Wiamie antisviRABEWelsariing freiatRevire
bomaventios. tOfdeiAd MSt ik metbhod of bonding a wire between a first
bonding location and a second bonding location, the method comprising
the steps of: bonding a first end of a wire to a first bonding location using a
wire"BEHBME 1091 26 ¥8FMOR first Hir8 o IBFATNY H olacof Ry 67 R8pof,
and snaofitactivetiyldhe’ fivsevineuoiend 1 sachrthatche folckiehwing finctudes

(1) afiestpuytion extending dramihe firstawirgsbond se band in.a first 4

direction, (2) a second w portion extending in a second direction

substart |§'6?ﬁ’3t9§*ifé”55‘&? EHB%¥a?R%‘?R}t6§%ﬁeﬁ%sfﬁ8“ﬁi§’t RRalRbiR the
loweiisy dhvealiire; bonding tool in a direction towards the first wire bond
immediately after the forming step, the lowering step being interrupted
priori to the wire andLrég‘tool %onltacting the first wire org}d uch that thed
bondfiNE 156 HeY orBBA The Told 8 Wire 3 R YRLTwWirg B&Td KRd°"
bondingrediebnaltandtsf theming e, seednd Horulingr dsatiaint2r Mined
methed of Lt whsrimdhe steprebawe iRg IRSIULRS bond such that the

bonding tool does not bond the fold of wire to the first wire bond; and

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

2. The method of claim 1 wherein the step of lowering includes
fowering the wire bonding tool in the direction towards, but to a side of, the first
wire bond.

3. The method of claim 1 wherein the step of forming inciudes:

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

lowering the wire bonding tool,

raising the wire bonding tool, and

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



lowering the wire bonding tool in the direction towards, but to a side of, the
first wire bond. 3. 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. ffgm the first wire bond, lowering the
wire bonding tool, raising the wire bonding tool, and laterally moving the
wire bonding tool towards a position above the first wire bond. - 10 4.
The method of claim 1 wherein the step of forming includes: raising the
wire bonding foB1ABeY @ ISP L WiRS oM &) $a3ERIRS MRETIHY ths!wfgs:

bonding tool away from the first wire bond, raising the wire bonding tool,

and aferalymayiag e e hendina.topl puainapasiion above the

first wire bond. 5. The method of claim 1 wherein the stép of forming
includes: raising the wire bonding tool above the first wire bond, laterally
tatemeling thenwitieeboimelimgntd ob swalyafram fhenfirst Wite rordyoraising the
wire bonding tool, and moving the wire bonding tool along a downward
angle towards a position above the first wire bond. 6. The method of

clairh SRS RR RRBABP &ihiRG Sncludes: raising the wire bonding tool

above the first wire bond, moving the wire bonding tool along a downward

at8ndle Auaxdren thefisshuig tendwaising thawise bondinadeok:and
laterally moving the wire bonding tool towards a position above the first

°ite bond.

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

moving the wire bonding tool along a downward angle towards a position above

the first wire bond.
6. The method of claim 1 wherein the step of forming includes:
raising the wire bonding tool above the first wire bong,

moving the wire bonding tool along a downward angie 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.

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

raising the wire bonding tool above the first wire bond,



7. The method of claim 1 wherein the step of forming includes: raising the
wire bonding tool above the first wire bond, - 11 moving the wire bonding
tool along a downward angle away from the first wire bond, raising the
wire bonding tool, and moving the.wike.bonding tool along another
downward angle towards a position above the first wire bond. 4 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
MOgig N i B’@iﬁ@’lg@ﬁvﬁ@ RIABME BT IBRE R4 SRS Tapb YR AESTiféte
bowdre 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
towdrISRBPOSIIGF BBBYE @A Wire bond. 10. A method of bonding a

wire between a first bonding location and a second bonding location, the
md ARk GomPs H“?oéF%FPén%ééhBBﬁ’éP%&JH@a?@%@éﬁ’&l}(}%ﬂ@saaf%&itton

bondmgf.locatgon using a wire bonding tool to form a first wire bond;
by E Tl 6 RAPE on top of, and in contact with, the first wire bond

such that the fold of wire includes (1) a first portion extending from the

first wire borgdn.afirst direction: (Rharsgcond ROKtion-exdending inias;
second direction substantially opposite and substantially parallel to the

first direction, the step of forming including in order: raising the wire
mMoybraling ok disovénthEofil <t evigesihorelyarida madsimgath & evirdtisofiding irsol
bo RV H 0spcthefiFsbWHE ?ReNire bonding tool towards a position above the

first wire bond.
9. The method of claim 1 wherein the step of forming inciudes:

moving the wire bonding tool along an upward angie away from the first wire

bond, and

moving the wire bonding tool along another upward angle towards a position

above the first wire bond.

10. A metheod of bonding a wire between a first bonding location and a

second bonding iocation, the method comprising the steps of:

bonding a first end of 2 wire to a first bonding iocation using a wire

bonding tool to form a first wire bond;

forming a fold of wire on top of, and in confact with, the first wire bond
such that the fold of wire includes (1) a first portion extending from the
first wire bond in a first direction, (2) a second portion extending in a

second direction substantially opposite and substantially paraltel to the

first direction, the step of forming including in order:

raising the wire bonding tool above the first wire bond,



raising the wire bonding tool, and moving 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 such that the bonding tool does
not bond the fold of wire to the firstywire bond; and bonding a second end
of the wire to a second bonding location. 11. The method of claim 10
wherein the step of moving the wire bonding tool away from the first wire
bond includes moving the wire bondin? tool along a downward angle

away from Vet R4 BB RN IR aTIRe IRERO I 8FCiaRT 1% WHERR the
step of moving the wire bonding tool away from the first wire bond

includes Ial;%rigll%rﬂ%vwlget@%%rv% bonding,tool away from the first wire
A 1 I

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 andawmnuvardaadglertdivvards thefirstanine Kostdyitd bohe, itethod
of claim 10 whereindeRigp afvnoynedneivirg RABGNS sorkiawards the
first wire bond inCludes laterally moving the wire bonding tool towards the
first wire b&ggtacting the first wire bond such that the boRding tool does not

bond the fold of wire to the first wire bond,; and
bonding a second end of the wire to a second bonding location.

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



