-1 - WRE LOOPS, METHODS OF FORM NG W RE LOOPS, AND RELATED PROCESSES
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit oloWofs/2P0vi si onal Application No. 61/372,430 ficirag2en/ofsgust 10,
2010, the contents of each of which is incorporated herein by reference.

FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to conductive
bunps and wire loops utilizing conductive bunps, and to inproved nethods of
form ng conductive bunps and wire | oops. BACKGROUND OF THE | NVENTI ON

[0003] I'n the processing and packagi nglof semni conductor devices, conduct ive
bunps are forned for use I n Brow di n I‘?%el ectrical interconnections.

exanpl e, s WIREHOQRR ANP ﬂEFﬁTﬁﬂlpﬁ%ﬁﬁsFEat i ons,

(2) use as stand-off conductors (3) wire | ooping applications, (4) test
points for testing appli cations, anongst ot hers. Such conductive bunmps may
be formed using various techniques. One such technique is to formthe

conductive bunps using $wdSs-RELERENEE TOREAATED aphQosiogshachi ne or a stud
bunmpi ng machi ne. [ 0004] Nunerous techni ques for form ng conductive bunps on

awre bon[:b'olg] This application claims the benefit of U.S. Provisional Application No.
61/372,430 filed on August 10, 2010, the contents of each of which is incorporated

herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to conductive bumps and wire loops
utilizing conductive bumps, and to improved methods of forming conductive bumps and

wire loops.
BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of semiconductor devices, conductive
bumps are formed for use in providing electrical interconnections. For example, such
bumps may be provided for: (1) use in flip-chip applications, (2) use as stand-off
conductors, (3) wire looping applications, (4) test points for testing applications,
amongst others. Such conductive bumps may be formed using various techniques.
One such technique is to form the conductive bumps using wire, such as on a wire

bonding machine or a stud bumping machine.

[0004] Numerous techniques for forming conductive bumps on a wire bonding
machine or bumping machine are disclosed in U.S. Patent No. 7,229,906 (entitled
“"METHOD AND APPARATUS FOR FORMING BUMPS FOR SEMICONDUCTOR
INTERCONNECTIONS USING A WIRE BONDING MACHINE”) and U.S. Patent No.
7,188,759 (entitled "METHOD FOR FORMING CONDUCTIVE BUMPS AND WIRE LOOPS"),
both of which are incorporated by reference in their entirety.

[0005] FIG. 1 illustrates an exemplary sequence of forming a conductive bump
on a wire bonding machine or bumping machine. At Step 1, free air ball 100a is seated
at the tip of bonding tool 102. As will be understood by those skilled in the art, prior to
Step 1, free air ball 100a had been formed on an end of wire 100 that hangs below the
tip of bonding tool 102 using an electronic flame-off device or the like. Wire clamp 104
is also shown at Step 1 in the open position. As will be understood by those skilled in

the art, wire 100 is provided by a wire spool on the machine (not shown). Wire 100



machi ne or bunpi ng machine are disclosed in U S. Patent No. 7,229, 906
(entitled "METHOD AND APPARATUS FOR FORM NG BUWMPS FOR SEM CONDUCTOR

| NTERCONNEGRh (24313481 NG A W RE BONDI NG MACHI NE") and U. SpciPatseot/oda20
7,188,759 (entitled "METHOD FOR FORM NG CONDUCTI VE BUMPS AND W RE LOCPS"),
bot h of which are incorporated by reference in their entirety. [0005]FIG 1
illustrates an exenplary sequence of form ng a conductive bunp on a wire
bondi ng machi ne or bunping nachine. At Step 1, free air ball 100a is seated
at the tip of bonding tool 102. As w RI- be understood by those skilled in
the art, prior, to Step 1, free air ball 100a had been forned on an end of
wire 100 teri‘é?”dﬁérr?ﬁhthﬁéﬁ”&?\/\?ppﬂ'éhfquﬁhéf‘f'ret?@rﬁ‘?ﬂ HY taadthrpgeh pidengfrughures 88t r oni ¢
fl ame- of f dhewhfendthrédyd Honkieg tddt ne2.cl anp 104 is al so shown at Step 1 in the
open position As will be understood by those skilled in the art, wire 100

i's provi d a W 'Aﬁeﬁﬂ?@@%w Bﬂl i IQP&P\'eB??r(d?% Sﬁ% )N1re%6%

ext ends fromt e Wre spoo roug wre c t hr oug aother
st r uct ur esYRYBTIssEANYS T VR BUGH rBUﬁB?'W@FrtO()HTe 'i‘@?SUT“GO@GT%Q"ePa”f]rC@é air

ball 100a |b§eaft@df ate@he(t@rdfebnd@g &loepolys sHWnQatS@éb i 8f |awn Auem»rzjs (e.q.,

i tr t h tha ball 100
e O o P 30 16 SRD R ey Bl ratohn S atseaburh S gr 1 Ta
Step 2, bosanng04)oelowkdR! {ral foregpinbalhl (ehe boreled e horsdif loeattoori@6head assenbl y

i ncl udi ng éﬂéiﬁd 6f érrmco%%éto# die '1@3\75‘%‘5%#}%@ Jnb€8tRH by RRdde skPB& t%e'%?c“ded to
bondi ng Ioca ron 106 (e di of sem conductor die 106). wll be

e
under st oodByPORYiBE & 1654 ?'T ke }Wattﬁéo%ﬁ“f'g locationp eI Mg utdize MItEASORIF F”‘H&Y'I 100a
t o bondi nghkeeabhiornd@f, tMaymaetoirpr&eivelehé@soxn mbener@y combiastions anéreofener gy,
t her moconpr v ner XY tabl e scrub, conbinations thereof, anbngst

ot her technrﬁ(én S 0@6’%{%?& free air ball 100a is bonded to bondi ng

| ocation 106 at Ste 2 (where the bonded free air ball nmay now be terned
bonded bal 190P34D) , \Mt?'hfr@ﬁ piebell B9R3 '3 bgndeditp Ibob%%'ocwﬁ‘&%gattsé‘%ﬂ 2102 is

raised to @/rﬁ&sﬂh@%n(ﬂ@@éHalﬁSaISﬂﬂQWO\b%efté]ﬂwe'dFB&ﬁﬂéh BIr @Ob), Witk WiPe damphi s
hei ght may(p referred sho in Step, 3 of

hei ght
e 1, bolith il oPhbr oS AaY B B PN Se oerlen LIt SoaNMRIFIPO0h | S no
| onger seadredv inrbtehé. fThis fefghbordibegefeoel! td 829 sepratBindiight (39 tewniin e cl anp

104 still %B@oflﬁf{f‘dﬂ 'Bgnélﬁ’@tooi]@@z has theKlesédqs@F tllwaﬁ%%hdé?:n@allm@rob@% al
di rection (e.g., al on axls or axis of the machine) to snooth the

top surfacB¥ Sﬁﬁfﬁ@é’dg‘ﬁélpl of PREHNI Epk ho%)ntfdtsﬁ%ﬁr WrbYiraeemy 194sti 8BF t op
surface f ofonaingabeluORiiy@obetip,at ddadt lestbriseatkpnectibre(conaess tierx bas veen
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(whi ch maypBedeses éw"ea'ettep alyfaccnéorvﬁ eamdigivie bwmpgﬁﬂq alsg wgakaneihen r e cI anmp 104

i's closed. cchhgRioatheSiRR bend&%uﬁiﬂm@btaaelmel@& bfhé Qiirs @6l at sty gk the
connecti on between bonded ball_10 Whl chﬁgﬁg now Be ter d c nductlve

bunp 100c)se£ﬁ"c?t'f’?1é TR Fider ot Ru 6‘@ to &k HRsF &0 aB‘%F & Mool 102 may
be rai sed tvhicm&FGi: m«argettttovatmtbdnwnre tail ipogit),iand teén winé clhmariodliedbsedni ¢

flame-of f gdeyige.f é%n@m%rt&ﬁlaﬁ s BRkY t@ﬁrew; bR doRhbctb At witen Woh&edli-

[ 0008] For m(gq%t conductive bunmps using such conventional techniques may
result in EP@inEhded rqvebr fesged st PR KA $NHHIE PARINGAROT WiBt  exanpl e:
premat ur e s@EpaFatekaplbeboraal tbandedndabd raieho andrd heighewhicofs apdseioh00 due

o e STOLga PLioLER. din Bk S0 PS8y L CaRdba) Ggbecause of

such premature separ trons;
undesi r abl ¥0G.educed snoot hi ng of bonded baII 100b in an attenpt to avoi d
such premature separation.

[0008] Forming conductive bumps using such conventional techniques may
result in certain deficiencies. Such deficiencies may include, for example: premature
separation between bonded ball 100b and the rest of wire 100 due to the smoothing at
step 4; potential short wire tail conditions because of such premature separation;
potential long wire tail conditions; and undesirably reduced smoothing of bonded ball

100b in an attempt to avoid such premature separation.



- 3 - [0009] Conductive bunp 100c shown at Step 6 nmay be used as a stand-off
in a wre | ooping process known as stand-off stitch bonding ("SSB").

| npr oved wbre1dmegabng techni ques utilizing conductive bropais2emohéeads ng

i nproved SSB t echni ques woul d be desirable. SUMVARY OF THE | NVENTI ON

[ 0010] According to an exenpl ary enbodi nent of the present invention, a

nmet hod of formng a wwre loop is provided. The nethod includes the steps
of: (1) form ng a conductive bunp on a bonding |ocation using a wire

bondi ng tool; (2) bonding a porti on eB-wire to another bonding | ocation

using the W|re bondlngdtoo Uﬁ extendln%alenth of wire fromthe bonded
portion of [QH9%d t ow&P YeH¥e B Bt A shouaat oheP & MY IP6WERT Ay FIRBIWR @pondi ng
t ool towardird hepibgpeicags krooataserandhuff eitdebaclingnQsss heigbioved w&eudopmgf t he

W re bondi - i rypti , h ondi ng
tool duri nt%g rF'@Jfoz;’s(u Hﬁﬂﬁ é%e&vﬂm}e fb@ oh@?‘%%'%?%'%r%\?%%% etse%gm%l#% Je(ftr)né)ned

hei ght . BRISSFIPESCRI PTI ON OF THE DRAW NGS [ 0011] The invention is best
understood fromthe followi ng detail ed description when read in connection
wi th the acconpanyi ng dr aw ngsummMARY &FerphrgENgdnt hat, according to common
practi ce, the various features of the drawings are not to scale. On the

contrary, o‘i' Mens E’o’?élpﬁiq Srt‘%ae‘ﬁ%é ?‘é?nbg‘é?ﬁe% %1Sth%rp$es%hpfn$/érﬁ ohl y expanded

or reduced clarit OW ng figures:
FIG 1is @Je@eﬁ |oé‘é>rmfngoﬁ Wi 0eB i§ Proviged- aThm@\eﬁ‘Oém@ﬁﬂmﬁp%ﬁp(bach of

form ng a GARRYGtdMEURVEBLUMP on a bonding location using a wire bonding tool; (2)
bonding a portion of wire to another bonding location using the wire bonding tool; (3)
extending a length of wire from the bonded portion of wire toward the bonding
location; (4) lowering the wire bonding tool toward the bonding location while detecting
a height of a tip of the wire bonding tool; and (5) interrupting the lowering of the wire

bonding tool during step (4) if the wire bonding tool reaches a predetermined height.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention is best understood from the following detailed description
when read in connection with the accompanying drawings. It is emphasized that,
according to common practice, the various features of the drawings are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Included in the drawings are the following figures:

FIG. 1 is a series of diagrams illustrating a conventional approach of
forming a conductive bump;

FIG. 2 is a series of diagrams illustrating a method of forming a
conductive bump in accordance with an exemplary embodiment of the present

invention;

FIGS. 3A-3C is a series of diagrams illustrating a method of forming a
stand-off stitch wire loop in accordance with an exemplary embodiment of the present

invention; and

FIGS. 4A-4D is a series of diagrams illustrating an attempted method of
forming a stand-off stitch wire loop, where a conductive bump has lifted-off from a
bonding location, in accordance with an exemplary embodiment of the present

invention.



FIG 2 is a series of diagranms illustrating a nethod of formng a
conductive bunp in accordance with an exenplary enbodi nent of the present

i nventi onyo 2012/021349 FIGS. 3A-3Cis a series of di agrarssotiilohsagdrati ng
a nmethod of formng a stand-off stitch wire |l oop in accordance with an
exenpl ary enbodi nent of the present invention; and Fl GS.
4A-4D is a series of diagrans illustrating an attenpted nethod of formng a
stand-off stitch wire | oop, where a conductive bunp has lifted-off froma
bondi ng | ocation, in accordance with-an exenpl ary enbodi nent of the present
invention. - 4 - DETAILED DESCRI PTI ON OF THE | NVENTI ON [0012]In certain
exenpl ary enbodi nents of PEHULER £5eRRIPTIRNRE iTHR INVENTIAY f or mati on of
stand-off stitch wire | oops, nethods of detecting lift-off of conductive
bunps (e. glao12di ng Sotérvam exafipladyemtiotiendnenefi thg praaeiti inegntian edupingvi ded. For
exanpl e, t S I s..encoder or
the |ike) Ha?m%it Oﬁ;drf%taﬁg dzEHnt \hﬁe 'B%B%hﬁe? chis Osfgjg%eﬁgﬁdo ﬁof C%ugté wire |oop

is to be beUEﬁd(e(Gef gping @Fﬁ“@&omﬁéﬂé’é)mﬂ@na ”W@Wbi@lpyovﬂﬁdné:@r EGHTRISt i ve
l(JUWP Bur i tfhg zféad’éﬁiﬁ{sltféﬁ |s§)ﬁk1_e§§lﬁeos§eg Wiy é@ﬁ&%en‘d&&lﬂ otr“]hﬁé I\Mefjﬁb chl@é\dmg@at ool
e.g., capjllar i s seeki rfac conductive bunp
(e.g., for'{¢/d a¥§’{‘i$c,al‘r°’e6?f‘ O?BB%Sﬁ %P%%'éggﬁ B‘ietde(Frﬁ n%'& fon i's made if
t he bunp i sorated)storgprediogsly fanmemgormusme\mmmt Dquur(gdntmaﬂonmfghreaSSBwae he Iike).

Such a det ol OF i i t ool |s
Pover od_ quPoy ph Sk TR boRiAEE (<P cagg@gg sk E Mk Sueaatle B
pr edet er m ?Pé‘é“%é’ieé’ﬁt“}? Bel- JI@r thge S‘t'tybpeaumﬁ @ﬂ‘ﬁ'”g( ROgeSs) @P%r@'”ﬁﬁ*‘é’d'ét er i ned

t hr eshol d) malid if ke blﬁmd%trﬁnwh@adgt hghg tah,ervlawmo.t é‘onfﬂoSﬁglﬂﬂ of b kY. estmndi ng

process be st o e n_operator,
to a contr AeEBi; ED(P [y oay ! eﬂ?giiifaf ﬁxa “?1e'c Vpre ﬂ'nﬁﬁé(ﬁfsgllpnﬁ?e?joﬁ"'?ﬁ SSB
wire l oopstheéatntdlmen bvmpbumgawrecefsertmedjelghh(ea@calpcb@ntﬂemweﬂ thetoh® hetawsent

i nventi on, th%%%ca%@GHP@ A eplQ’s‘HWedéPe)Fm%dfthfegﬁéid)Usﬂf R9s BetBFRRES Thafthedescr i bed
above with respect . However, the present invention may have

parti cul ar PUppISi BEHNY FW'f%b‘E@E'gp?rﬁ??%%g bESTIGed BERAY FUF MM FCpr ocess such
as that shewnided (&§.Gto 2n opdratdtiab acoptrolaess, etaf)t er deposition and bondi ng of
a free air ball to formthe conductive bunp, but prior to the snoothing of

the upper ﬁﬂfﬁce tlpgo%%% iﬁ%%koiﬁat_Pﬂg)?%gﬁWreQO%SFJn%QCJ!/%IbQJ s(e g. ’ a
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sl ack | ength_of t ool and he bot t om of

resent i t|on ma par?cul r Flcagl |‘t3 0 égcg nrg €sses usm
the wire cl'anp rNEf‘er COYTD?EFTI on RO g BF <t fie |§per "S0r face of
t he bunp, ton@mmnr@ceb@ﬂdhrag thaicshowslrr%lﬁséd Imgu@leq:)anoa%e, afker depomitioncind of t he

wire from phg r@OdMLH:éeI MeprUBPorn! fhetéahéudEWQB@r%ﬁ; bdthSiostAGK shRBafidy &f wre
now facilitates a desirable wre tail th, thereby substantiall

y
reduci ng t HE YrBEetitieas: tf‘%PO%"rﬁf&&‘i"Q' 3 é?'F“éj tétr?ddea‘rg%ﬁ‘?'atﬂte(ﬁ Gor DA RN Nor e
speci fi cal with titwireiga@p opamOT SN Ye wWieales is(chaed Shehebviof bdnd@g t29lis t he wire

clanp remaj, %re%'(?é??m%&'h%gsy nié tt%ﬂnte'n% rh)fhd;]%lépgérfig%gﬂgghﬁ{btéﬁ]efOr (or even

prevents) the wr rom Creating a
st oppage i FPUREIVERYEWs sThQ%/\WfP?ﬂ’fS figspIte ESEUF'@CH langth Shwire bﬁwqenéh? wp)of the
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remainder of the wire from the conductive bump. In this process, the slack length of
wire now facilitates a desirable wire tail length, thereby substantially reducing the
potential for shorts tails and associated problems. More specifically, during a
“smoothing” process (see Step 6 of FIG. 2), the wire clamp remains closed which
substantially reduces the potential for (or even prevents) the wire from passing
through the wire bonding tool creating a stoppage in the process (which may result in a
short tail error). In contrast to conventional techniques (where the wire tail is formed

after the smoothing is complete), the length of the wire tail is established before the



- 5 - smoothing occurs (e.g., see Steps 4-7 of FIG 2). Further, the wre

tail will tend to be stronger than in conventional bunp form ng techniques,
because mwomakigswg noti on has occurred to weaken the wcrast@ilogesbher eby
reduci ng the potential for additional errors. [0014]FIG 2 illustrates an

exenpl ary sequence of form ng a conductive bunp on a wire bondi ng nmachi ne
or bunpi ng nmachi ne, where such a bunp may be used in connection with the
nmet hods of the present invention. At Step 1, free air ball 200a is seated
at the tip of bonding tool 202. As w kl- be understood by those skilled in
the art, prior to Step 1, free air ball 200a had been formed on an end of
wire 200 t 2RotHas g ubeiedin 3a8eStERA-dfof BEnd) nduithes) theswirytedwilbieadte 6fi ¢

flame-of f dewy @r&h@ﬁ it &Rvéitional Wﬁﬁo%ﬁ@ﬂe&ﬂﬁubéi batfiRe HB@MdoRIingShefonl i N the
open p05|t|on #S]Af er free air to Step 1),

wire 200 i@S§g WEPEE" (6 Vg tah’stlhﬁrj’b‘é W@EWQ&E%B?%FP%%%@HQ&BH% or the
| i ke) suchertdrat free air ball 200a is seated at the tip of bonding tool 202
as shown at Step 1 of FIG 2. At Step 2, bonding tool 202 (along with other

el ement s 0{00514130”0' ReAd @és’ir%'?&'a)ﬁé%&%p\\éq{/ 9&1u‘é41£eeof%ﬁﬁmg 3Qélﬁdu'c§vé SV ed
.e., where a lower tip of tool 202 is at onln andfree air

(i
bal | 200a 92 B’Hﬁ(ﬁ’@&d'f‘%”ﬁtﬁwa‘? AGPYBRIAY MERNIDBaVREEe @U LH\Q%"BM%‘ISG in
sem CondUC(toﬁhecIﬂloe vzfBthe m%ﬁhcwslof tHaepregeche mebonach. e Stémse‘réfkauf baidoa i¢ he art,

Eglel bgggl);]s%ap ed at tlg’?(? t.S‘ qt?‘x st%cﬁ%?Zt %S*r%’ﬁ‘gé pﬁdérg:%gé b?ﬂwo%ggklﬁécom tﬁ)é Q?tbonded

t her noconpprées $¢ ﬁtﬁpelnéﬁegwr b)w 208 hed é@ﬁf\fbrm@bmamamd onwirg m@éf hanggongst

ot her techpdgues tid SELALIAG k&Y uQQ@Gh@Q:cQBmE fSRe kbRl br dR0ReatwiRt ep 2 (but
before St eg%m%h;ot her notions | eted as desired. For exanple, a

fold of wi 0% Fef'fo%t1ea aBﬁtexﬁ’olnH‘etBeBBrlpofﬁt?B before Step 3 such as is
described in U S. Patent No. 7,229,906. O course, other notions and
confi gur ati®S]lof béftdetiedalr balp Qs iaft&mdrﬁb@nibét@nl) WO LPP Af drewnfree air

bal | 200a jsybhanded, EQngPQOQdu'ﬂgh &OQ%F ﬂeﬂﬂor@%r%e I%?Quc% t(\%l‘?éeeall; b& Rpyaded

free air ballma now b bonded l h wire clanmp 204
still open's S%ﬁ‘i‘i?hﬁ‘ett@oqf b?O‘?”? EOOII é?%é%jsrto(‘ﬂ"”a?téé%‘? HFIﬁelng’tt SEP Bt ep 3. This
hei ght maybdmingab&raoedalbng agh @tﬁeale|enha®tsgd5ﬂa o Hebd ssdeaibghihcludindivep 3 of

FIG 2t heclgthZBIl) |ngm%rgdj %I %e‘i’g? ergglpf ?tc?o?e a‘%%ﬁ{wé 9@&98 ga‘Ré' !

200b); ho und rstood eren el ect ed.
Wil e the fr?ﬁ/@‘hbi!'biquass hondediterbprding leeaton206dg g @l? pad aﬁmcqr@rﬂctphl s

gelz 8ht l(tadﬁsrzow tAs wm%@%aeﬂs@oam tﬁés@ RMEd Qifthtefaet Mn@%gtd@@e}e aﬁ‘rb%IIbet ween
mils ree_alr

D000, Al St 1 ol pe e Bl [ epeebalgtbel EBW“P’:%%F??@ ChEra02 i s

| ower ed t otharmesoBic-energy, thermocompressive energy, XY table scrub, combinations thereof,

amongst other techniques.

[0016] After bonding of free air ball 200a at Step 2 (but before Step 3) other
motions may be completed as desired. For example, a fold of wire may be formed on
bonded ball 200b before Step 3 such as is described in U.S. Patent No. 7,229,906. Of

course, other motions and configurations of bonded ball 200b are contemplated.

[0017] After free air ball 200a is bonded to bonding location 206 at Step 2
(where the bonded free air ball may now be termed bonded ball 200b), with wire clamp
204 still open, bonding tool 202 is raised to a desired height at Step 3. This height
may be referred to as a tail height (at this height in Step 3 of FIG. 2 the tip of wire
bonding tool 202 is separated from bonded ball 200b); however, it is understood that
different heights may be selected. While the invention is not limited thereto,
exemplary ranges for this height (taken with respect to the tip end of the bonding tool)
are between 5-20 mils and between 10-20 mils above the top of bonded free air ball
200b. At Step 4, wire clamp 204 is closed. At Step 5, bonding tool 202 is lowered to a



desired height. This height may be referred to as a snoot hing hei ght h2 (at
Step 5 of FIG 2, the tool has been | owered such that the tip of bonding
tool 202 we 2pips21daarely in contact with an upper surfacecofusbandesi2bal |
200b). Wiile the invention is not limted thereto, exenplary ranges for
this height are between 0.1-2 mls and between 1-2 ml|s above the height of
bondi ng tool 202 at Step 2 (i.e., above bonding height hl). At Step 5, by

| owering bonding tool 202 with the wire clanp closed, a slack |ength of

wi re 200e has been provi ded bel ow t hesbottom of wire clanp 204 and above
bondi ng tool 202. At Step 6, with wire clanp 104 still closed, bonding tool
202 is movesdirehheight Jhistheighs mrgrheZeferar teips e stiostingaheight hal (Bngtep Ref X axi s,

the Y axi sficbofihe e h¥s 8o 1¥wenk8Sucrathat Hertip§boAd@ng 8ol dbF RGLitMArelpinC. ) to

th the t f f bond 0 S t h i
Gooi 1 bl o CORRs T 4R EPpdrsuARETcharted oAt HRle MDAl shistYiaea
connect i onthbetavesamplaey rooekeidr tad heiginidire hetwees 0.162 ntikendvbeveen 1asRilst i n
the separ aéao%ltﬁehﬁenah%?%mg f%BI z%fze& SZ%p ?‘%ﬂé" ﬂ%vw%d.&?ﬁe,bﬁ {13! $ed to break

t he connecti on between bonded 200 now be ternmed conductive
bunp 200c)>ERa PhiEVRER\ PRI 'i9f>' %9%\@“26@ W'I‘-E‘o?'afé&é de 2 SR ANAE ¢fo¥re 202 may
?? rai s;a]g omedias BEEH h@wgla(}i bWﬁW(tl’ﬂe b&tdin POFIré tl@mpalO4VHhUQBo&ﬂbcﬁ\|degttb@ni c

ame-o Vi a tree 0. In
connect i ongo\?z\n tﬁeSt éi bl hl%rﬁﬁ @]t osl%luﬂ?ﬁeq obOBéae%EOO' %ég orﬂ??'egt tlegé% Step 7,
ul trasoni corerimﬂgwt@lrdnteh@ori (eka, arayg Hlesoatie thpllakiedodto tiieaxiahd ¥akes,t hr eadi ng
of slack | gnpgid h‘BiﬁszJl%nrgé}%‘ﬁ édar)qe%omem& 'thb QfrraPOBE A ed 89l 28002 dRenPrOvi de
wire tail 200d. [0018 2, the height of bonding tool 202 at Steps 5
and 6 is tHeodH Proy \‘?éjres'ralbﬂe fo8 YA aesr 'St ééﬂ‘quﬁ%‘fe Ryfer. ﬁ@fjg"fff) W?&§ert§e changed
as desi r edthkrcomeatieén Séteper thetdoadeaebdll 4nal tae |ﬁ¢se\a$8thfehﬁrdie$sﬁ|adn sm@oot hi ng. That

FI th i
ot (o e OF e fhsRleds o R00) Nl R8T RE QUL ik EcfRRALl O
di fferent Watgeen bandsdbolt h@&bg(wiﬂeqhgmy m@v b¢ CyMei lynqmctivﬁ iy 2001 a5¢ Htk | engt h

of wir € 20RQenalifdet b 8irddQF &S eRErinQIre_, B&mﬁr%%blnﬁ)zVWSﬁbe?FéQseth SRRAO KeRht _
conducti ve ﬁ)urrérg 200b frothe remal nd 00 a_ desi gg?l e wre tail

Conat b DooHM LRt eRAtRGT whirlen SHuEoRo T BRe ot S e TRt ST BALUREVE ¢ here
i s not enotaglodd pewire@26@r In doneeatiex twithrresingibondiag kodhadginigebletrew t he tip of

bondi ng 00202 ot alcgt SHPAbh Al SRS Theo B dnpbd WhREVEl of

hori zont al snpot acco

subst ant i al"r¢3d§e QSfS é‘bf?ﬁﬁ‘ihcoét"‘i'r@n@oﬁé'l"&ti@?j”tedmp‘?fé%ﬁ’ﬁ@'ﬂﬁ éo%éB%lFOa@r%'ﬁe

[ 0020] The wsm@eadilioog. at Step 6 of FIG 2 may vary considerably. For exanple,
t he snoot hing operation may consist of a single horizontal notion of

bondi ng to 2 acr, t,he t | d wn in
Step 6 of @*oé%q 19%&3 rd the Qe?grﬁf%%@fa‘? pqoﬂcoopfﬂtbda%oﬁsé?i ar?aoé)gtﬂgs% forth,

in differ e'mwedie'frétc"é |UD¢1%'St°@<ﬂ thay thapeigs VoA deadethas 'rs%é'ﬁ“m”ﬁét@pf@r ation.
Further, tine neRD@tdthiade fARLdc@Red®YodtRing OMRALAS,ah ¥1d10F ihe @t dtltheBoriaweoll N St ep

6, or may hav oth hori zont vertical (e.qg.,. U r r_.do rd)
conponent s a’fﬁﬁgowetr OsHE gangﬁﬁgp%@gn"?éio8%55%'688#%\%9% Ogis\'}%ongwé{\?ecti on
as 1 s desiFledl) Fark tshffersind frdm thengmeatinioy height Is2.ep of Step 6 may be conbi ned
with the lowering of bonding tool 202 of Step 5 into a single (e.g.,

simul t aneo?dwjot l Ofo pTJSW&md; fhe JidtR 14HRER @fnw@ef ZMQltmg pTrd&@is o2 taarih @l | ow an
angl ed pat 2) whereby

t t
T P e e T R L R e e R e R
si ngl e not desivablp 002 1hiFle@Rh BAd 3 priolidedt Tadse tiee ¢ itatifoobhdrotaifs tghem SSB wire
[00p 11 aChRrRRGee L (iR SHSAPhA L FROL) BB R PR IRY: chANER! T On

FIG 3Aillustrates conductive been forrmed on bondi ng

| ocation 48652Q%. '%JSUbS‘d’lnéa'tYaer‘méangPs WE%‘%H%?'GF hqfigPns §ooEg @Bnduct or
die 406 i Sbébk&ﬁ@ﬂbh@\dd by seplesdrirat €2 4QBo Ut ubstantlaeack sfannelidiBhs rdaed exanpl e,
conducti ve burrﬁre 0¢ as been formed according to the nethod described in
FIG 2 or npeatla*lod (e.g., such as the nmethod shown in FIG 1). During
formati on of conductive bunp 400c by bonding a free air ball to
bondi ng | ok3%Wn 4064} Smaoq*?éiggeﬁtSt%ﬁ6Pg@Gb8r'i‘éﬁYn‘g?rY EVIsIGegblyet B €&}MPI&Nd/ or

{rﬁasEr edh?ﬂﬁ s&io@flﬁrﬁg @pmr&.dm&ﬁw Yon@ist dhesiMg & gomraebl| g@tﬁ%hbm)ng tEgrzogxarml e,
e heig ma e p of : .e a bondi ng
ner ght) - | FTRGTRET BEAHR PRt HEIIAR a0 B REP ST 1 ZHinfdl Step 5 of

FIG 2 (i.e., a snpoothing he| ght). OQher heights (e.g., other heights bel ow
t he snoot hi ng hei ght h2 may al so be sel ected). For purposes of the present
exanple, let us assunme that the detected height is a bonding height hl,
which is detected, for exanple, using a z-axis encoder of the w re bonding
machi ne (e.g., using velocity based detection, forced based detection,



[ 0022] After bunp 400c has been fornmed (as shown in FIG 3A), it is desired
to now el ectrically connect bonding |location 408a (e.g., l|lead finger 408a
of | eadf raomodB)3400 conductive bunp 400c. FIG 3B il | upCtraises 10062 NUOUS
wire | oop 410 providing electrical interconnection between |ead finger 408a
and conductive bunp 400c. As is known to those skilled in the art, bonded
portion 410a (e.g., first bond 410a, forned by bonding a free air ball to

| ead 408a) is formed on | ead finger 408a. Then, length of wire 410b
(continuous with first bond 410a) is-extended toward conductive bunp 400c.
At FIG 3B wire bonding tool 450 is bondin ., ultrasonically) a second
bond port i BHtBE MRENGLG @ PeckAgoRboR d'fﬁf?’%ﬂ'rﬁﬁ'%m ACH IR NSProYesSRi on,
accor di ng the sabotdK@ngplaitipn emb@ﬁhrnmtsnm‘otrtulfgampfumem bk RYBPleteMNhor@&oAtadXi S

hei ght of atshs 0\\/vV|nre t%or%dlop%at% vV botRh r|zontal and_v r?ieaqg detue(\;vte to ensure that
conducti ve bunp Hb%) PRad" N6t "BEen pr8v rously VFTted® s Pisha? ng | ocation
406a. Thatdqw@wawh@nmbgmemtsqgﬂwnd@mmmebwnﬁaMQy pealobécein a givarhe process
than the lmgﬁorﬁmg«feeé.fédFlF@rthé@tluathféeéanaEh.ﬁHstta'a%f weE% ROPEL Bentiegl 1S

detected. For exanp t he detected heig e bonding height hl. In
such a cas¥thing "E)’V‘Hlé‘rg OthO’é‘H%QJFO@' £4¢aef ESEFh'B %B@cs”}?éf‘s(erﬂ)t SipWBANgOUEX ed of f, the
Bel ght hof rhb’t&nntl'l[haf)fs Werrﬁotbmruhbagd.h@aiol 46D miag deleeianlrr@dada.ﬁtH te.glescends to
ond the e 400¢ o re 1 oo 400c i s
resent - ( ey S ASHGNE FBIFCHE. e “ugiahy M PuedRPyrimed ® then
bondi ng tcﬁmmoozﬂlﬂmgmﬁ$tlepﬁwk@cmwefadtm wsmalebuwmom at (or about) height hl.
Such contact nmay be detected, for exanple, by detecting the velocity of

wi re bondip@2ugol 45EAsAlIC |ﬂ@§ﬁé@@g$ne(tl@ocgeffo@mﬁ@é{ﬁ]ggBi\Aﬂre\:{@dﬁﬁi ty nmeasured
using the z-a ion fromthe en

t hod of
ot od; | he et Sl el EuBaPThe actam PrBhe PRockl noai mat Cui re
bondi ng t otlstAES casdudivelbsmpAd8c which has Uesanrfgrruedmb@dmnsmtloeﬁg@@ed wth a
tr ansducer(eqj @e ggmoése&%e%&ﬁmta/r cﬁ@hééﬁ' r&m&n@uaemb aaeﬁsoaﬁppéé

[0023]1f bu C i s not Eresen . it has been previous [ifted off
bondi ng | o%‘&?tir?iﬁ 4B 6%Y . 19EAMRIY08)- bﬁ‘?fcﬁxﬁﬁ‘pleoéqnd%tﬂ’evﬁulmp H¥XC Rakeetont act
W th bunp 4Rkl &coldaig tahvelmktHdaidgbdribll in FIG. SucRnasecastodi(é.glmayctbgs desi red

10, S0P OENEDR Plolih 1 cONG! PRI R0) (% Ancek pikEldpdATROB L0 e

devi ce being bon WP ST EV s e Wre bon avoi d
machi ne dovandinge, frest air. hall thideedieg lochtivrotbe), a keign b ke quétngbmms 400c i s not

present, tJ&@e&éoo(a%/own{e%SMBqh@@tofr&p.htoélé@mmyofﬁﬁé wird bbﬁdﬂ@tnﬁEMh?g hetd hth
are | ess n

bel ow hei ght ‘ Exe r% ﬁ

m cr onet er B eowehré‘?"%ﬁt b grUi/rli‘étS@%? a %‘ieﬁﬁto iFSC LS HE PN ef er ence

hei ght sucheigs).hi, ariomeret(aimple, the $wighhaay Be meighohkslenve) dxedtes neFightz hl, | ess
than 5 m ¢y t . e IRJT%I [0024] As
shown in F(Ir%m% SEH @ﬁddﬁ%?mgegwe m%%ggﬁg %ﬁ?&n@%ﬁ%ﬁl& @H ing of a
portion of haight & 24y Jsq @qﬁ%ﬁcﬁﬁ@)e FeiupP95es @t Heam e ¥ N pdel s 3s6¥M8hown) t o

conducti vethbwmg déQaQeed HASghS Mboﬁ@.ﬁgaqel@mdn n@hﬁ:lﬁ’%'deﬂ&@ed“?& e@(@ﬁnp@eag@@aed
bel ow hei gzh east .t hresho 400c i s

Wip
not _dec! area A et ibe B LTS BRe R operars rodD ertd 48 conpl et od.
At FIG BGOFQEﬁ@awnthtﬂglomp%catl on is conplete (i.e., wire portion 410c has
been bonded to conductive bunp 400c). Thus, conductive bunp 400c acts as a
st and- of f fmz&BSB WiAFtEr &m;méd&qas[&eaﬁirm@ (BOaIWAGN OfG. WAY Bt Rafekir@itod10c

(o1 oo SRR 0 ect Bye USSR, 005 o RS BLdBste' 00
noni t or ed, 408N év eomuiuttie hulnir 465NiFEG amnnlggtraaﬁﬁqneducdraMnregochmel(bmndlmmg of wire
portion 4106 &0y FROEMHeLYS RUNPA008 fidger WBENGSH AnbuMdRRD UM £oRORdiNT

known to those skilled in the art, bonded portion 410a (e.g., first bond 410a, formed

by bonding a free air ball to lead 408a) is formed on lead finger 408a. Then, length of

wire 410b (continuous with first bond 410a) is extended toward conductive bump 400c.

At FIG. 3B wire bonding tool 450 is bonding (e.g., ultrasonically) a second bond portion

of the wire to bump 400c. Prior to this bonding operation, according to an exemplary

embodiment of the present invention, a z-axis height of the wire bonding tool tip has



- 9 - tool 450 reaching a predeterm ned z-position (i.e., a position along
the vertical z-axis of the wire bonding machine). Mre specifically, prior
to the fowoabizonizb second bond 410c on conductive bunppré®@as20mion@2o0ndi ng
t ool 450 descends toward conductive bunp 400c. After inpact between wire
bondi ng tool 450 (including wire portion 410c carried by wire bonding tool
450) and conductive bunp 400c at a certain z-position (i.e., the z-inpact
position), a reference position may be established (where the reference
position may be, for exanple: the inpact z-position; a z position slightly
above the inpact position; the snoothing osition ., snhoot hi ng hei ght
h2 at St epbe?}”&ﬁtelc{)eétoEj‘sur%tf?tﬁ%‘#ﬂ'ﬁnb‘\‘/ﬂﬁ%ﬁ% "I‘atsr”QéB‘?ﬁrbpréYféﬁ‘%\y“fF"éj dbpl i ed
during Eecmdunbmt|6rgnmadlmt |saw21erpﬂﬁm'ir190:@nalﬁct|aeﬂﬁmdelil)edf rdanied it thee af:]er

i mpact bet ween ondi ng t ool S S Then,

t he ul tras%ﬁfeés\é\d]naéﬁae % 5%8 &t Fﬁsgf\g e?e‘é%ﬁﬁ%' ﬁg)oﬂ(l'g%ttooﬁ) Cf C)(ed to bond
wre portllmnemmnlexmemmwtheﬂ@t manpe400 cordienaghitivg . Uhtsnesonise, aﬂnergy may

be turned QReh@fRLGeiiRARIMp AR Mat AREGIen h'FtQ@'BffttfP‘% HRRRAEbN@e B wirgachi ng the
reference position, etc.). [0026] Then, the ultrasonic eneraéqls turned off

(or reduce‘&P”dWSrtogﬁéﬂ'ﬂﬂ 'é‘O”'EfSFe%PS |té’5§cte“%¢0%‘%5’l“dtth%wﬁﬁé? BY"PAURIY (e.g., with
or W t hout coanpdte diext ssmwrnectbobl mebwiep agic |BI|pEH?.e|ﬁﬂ'(e gb,Oﬂdasng)ttbeérh liteaehi ng t he

B e et T S R20! KA°HBE cbRBhy Yol PRItk APl AR pBRRGE L Ve L0

deep into con Fedet er m sition
may be sel @wuBdeighk At wecht cpnaaqtefaerb@n?tﬁéecze%ﬁmetxmnle Thdetefting théter wire

bondi ng tO&Hloc‘f’cy"_)Qf LRaebesind BRI %) &Cit @Qscéﬁése(reedm@cm&ﬁd Aocity MeeagofR@si tion is
noni t or ed ﬁ axi s encoder or other techni di) to detern ne
when wire "R atxdfoqgos&% EELCREE YD pPBYEPIRRATY ﬁbeg Fiet & "Eour se,

ot her t echsuchuestadfis,det eampid, by deteetipy edeber rpnest vrgdasidinganol(4anadsar t he
reference gz: i.t L an) i, LR pr esent

i nventi on. %8‘%%%% uﬁ®5%xfgﬁgltsgﬁgsgkg\ﬁ%%ieﬁmw&@%%%ggpgﬁgﬁ%\nﬁ%gj bondi ng
machi ne de¥seembiedryiRawireendpeieabdsPy formed conductive bunp 400c was

present prior to bonding of wire portion 410c to conductive bunp 400c. In
contrast, joo23he exmn@quﬁh&qdeaatwgirtr@@rmaacbrieomuymmed:brﬁs 4A- 4D,

e conduch v o IRoA 008! e RRE g QORTLER LT KhGRReEEL 6l Lubo F! G

4A, conductive oR- bon (e.qg.,
di e pad 408¥cat (@reahoeﬁﬁ@w@t bt én@Jcn@g)caserhtavaw@ed%slrpﬁé%t@am@veMan free

air ball (QRe %ﬁcﬁw&t@@l)@@etbelﬂa%v@@r!ﬁ%gé% BrRUYLVRE bkAgdbh@, 4D8@id 0 form
bunp 400c.  Sem conduct o

S S orte substrate 408
o T o OB il PRI A ) B PR ABEETS P s B GIEE ed. As
provi ded attmoaneurettha tued gddocrimyotieedehe thotigiohgirbébglitg tool ¢¥0 gay pbsredi ng
hei ght hl - t t ot hi ng
hei ght h2 $Jlé(;'{pt g%lﬁhth%elg%gelg@}m @Qiﬁﬁggor?h$gpﬁﬂée?aﬁ hthﬁéﬁgtha?ﬁllrgs) hei ght
i s detect eﬂ“C(%m@erS b&h‘t&lv ReigEd (ﬁf whﬁ%ﬁﬁr%ﬁ'%* ist yped wp £he @fﬂﬁ@*qﬁid‘e@é Ridle) . At

FIG 4B W senhondetg, leedthad F0nickoniaésediowWeneght htt OlebOtHEh 3nalchrietércee air
ball for bor?o\%fgglg;1 bongbggve %astl on 40835) However, while raising wire

bondi ng t 027 CHHAUL PETS 2f(fi‘fima(enow | abel ed as 400cl as it has been
raised off of its bonding Iocatl on 406a) has been lifted of f bondi ng
| ocati on 4024 t h BersBewyIntfdel 3B50ndycgive BXBAFORS istpResent deringfthe of

conduct i vepdnding d#@%rﬂmyofbﬁrecm@ nbé/wtrbeu;sprmgiclﬂlara@ m;ml ("8t ghownt he

t hi t 029 di t ool
Zggohalsnrgagpcé)h&f%'vs b*u]ngrﬁgg%f% ﬁlécl mrg bﬂ%QT%FOL)TA\IlSOF has not gfesce c?edbb rI]ovxll hg too

height hl by at least threshold hy. Thus conductive bump 400c is not declared as
missing and the bonding operation at FIG. 3B is completed. At FIG. 3C, the bonding
operation is complete (i.e., wire portion 410c has been bonded to conductive bump

400c). Thus, conductive bump 400c acts as a stand-off for SSB wire loop 410.

[(0025] The bonding of wire portion 410c (e.g., second bond 410c) to conductive
bump 400c may be a closed loop controlled process. For example, a z-position of the
bonding tool may be monitored, wherein the ultrasonic energy applied during the

bonding of wire portion 410c to conductive bump 400c is turned off upon wire bonding



hei ght, an electronic flanme-off (EFO assenbly is used to forma new free
air ball on awire tail. However, in this case, there is no exposed wire
tail becawmeeonfotdae |ift-of f of conductive bunp 400c. Tirasusduniong2d he
flanme-of f operation, spark 460a from EFO wand 460 (of an EFO assenbly, not
shown) nelts conductive bunp 400cl into free air ball 400c2. At FIG 4D,
free air ball 400c2 has been bonded to bonding | ocation 408a to formfirst
bond 410a. Then, length of wire 410b (continuous with first bond 410a) is
ext ended toward bondi ng | ocati on 406a9(where conductive bunp 400c shoul d
be, but it is not%@ Dur i ng t he descent of w re bonding tool 450 towards
bondi ng | 0@t cadEg, 2 Brepetauniaed ziPgritionfi-& 1fePAsitionFondithe VEIGARYiZ< % ool 450
i s detect edf thoweasaidnd hathicOnMLE 'sw@ftauump pfio0 thasormatiomefsecpidcehdnaus| y
lifted off i 6 i rrp400c has
been I|ftedl%g?)g gd%ggegl&ﬁ ﬁé@cat%v'rgn g %?Oiéggpfsﬁgt(?gﬁ'a%%&n%%% 4A) . Thus,
the wire b@m@ﬁﬁ’@)%y’éteemuqaét betwears Witg bgodingtnob} S@ En@udinheise phiont#hec t i p of

bondi ng t o8, Jo@@b olhﬁjo Ahd Bdnduaigd mqﬁmbctta% ceeegrﬁ%dpdaﬁloght hl by
nore t han the hei t thresh th shown in FIG it can be
Hoet ar oatfilr 1t Ttact oSS AUUan SR Tray B el Ry (et BEans ray now

be st oppedrefdrerck pdsitign sia@bp) ﬁmgexhasmenmwemhpdtmmdtongom;oa)t pd&09n sightly an al ert

may be pro ogﬁﬂae .ﬁrggct OPots%Pﬁ‘“thg%ﬁ@%Eh‘?rﬁg }&.t"f‘onc (e acgo[t@ﬂgtagiﬁbtg%?b?tigmol The

i nventive ose rei _ e to copper
wi re bondi nef FI@oab@rz pwsitéonhyere ditragemc Qrwgv @aapphﬁdoq)émgise@nﬂw@ﬂdt end to

exacer bat erpfhfidohenidslon fa@k p%b%térmﬁr?é'd'tmﬁ‘é EfRdrSmp&dt BEtvERAVERL BBk thyiMpi ng
t echni ques,_ Thus bhe pr esent |n\é§: b%%égaxﬁﬁrow de exceptional benefits to

copper wi r& SN RE BRABMRSF AGe SUYurEEIY BREPYSIVEAR T e
t echni quesseaore dnslct 1apphatciatoerohd wirk hpertidnyids to fonguctivelnndi 4apci(woknedi ng,

for exarrpl,ﬁe uQPJsgmc%h %mbeat[]ﬁw g’%ngbr%?’otéggnﬁéétvﬂptjﬁ iRERA Yy trBeCGM g1 of the

steps may be rearrang e or Tom t t1onal steps may

wi thin thetogbréﬁ@”tﬂ‘thﬁﬁéfefﬁ”é%é?ﬁ't'qf‘n%fn)t| on. [0032] Al though certain exerrpl ary
enbodi nents of the present invention have been illustrated and described in
connect i on[oa2sl) det gadr, nge atlasirghéneddy isherntd pffebr @dutedefdbersthplg, tyosd (e. g.,

t he | ower !teésQ)SOI’/o ?H tRe @9%@% Iere;r/ie&ﬁggt h/\ﬁ{h rQNlthoLt ede&?m%@g %‘fl (?etla%'shggf?m ves

hei ght of any ‘bondi tool, Or a stru
with the b@ﬁ@pn@ng tmvll reagieigg B teré@@@rtnédect trpa%mre%hétea’ctvarerb%éweftml§56f t he

i nvention &%@%Bt&%tﬁ@@@é intd %aﬁ&tﬁktbhﬁtpbgdbokh@orpé@&@ibt thd\yRBéteARinBAS been
illustrated ar@ descF Ef ﬁf'aﬁag Ectlgt)% wi th techni es Etdetectlng bunp
i ft-of f, {POTLNBEY e AFlees § (A PORIBUDET [ GBR WES burp 400
illustr at e@bnhmgeom%Sﬁayadhawweme@bﬂedrrsfemwotm@bnbyhet :heoqumceslemonltnmentl on

ot her than I f I ced
bunps, poor%Oy Ltjit gg%*accttreptat g% r(thm:s tgrqﬁg)ts(E%He%t:E(\:Aﬁ?éFrmJ onFE[ %(%Cgh t he

i nvention ¢ rePﬁ”l%tt'FeaPr@GEtﬁﬁﬂ'”%?@f"i‘%‘eooﬂfé’t‘@ien(’t\ﬂfrtWC'P'@‘F‘@Sé’ﬁS%te’frﬁ'”é‘ﬁeCI fic

enbodi ment e prdtRtdrmieatz- m.tloa (B9d/of the@B@ALhce @-pasitibh)drt @enteMplabel wietiai | s

shown. Ratttgler varlous no f'itlons may be made in the details within the
€ sto e(}ft rese mven

scope and rang IVal ents of the clains and without departing fromthe

i nventi on.
[0027] In the example shown in FIGS. 3A-3C, the wire bonding machine

determined that the previously formed conductive bump 400c¢ was present prior to
bonding of wire portion 410c to conductive bump 400c. In contrast, in the example

described below in connection with FIGS. 4A-4D, the conductive bump 400c is absent.

[0028] Referring specificaily to FIG. 4A, conductive bump 400c is being formed
on bonding location 406a (e.g., die pad 406a of semiconductor die 406). Thét is, a
previously formed free air ball (on wire 400) is being bonded to bonding location 406a
to form bump 400c. Semiconductor die 406 is supported by substrate 408 (e.g.,
leadframe 408). During the formation of bump 400c, a height is detected. As provided
above, the height may be the bonding height h1 (e.g., bonding height h1 from Step 2
of FIG. 2), the smoothing height h2 (e.g., smoothing height h2 from Step 5 of FIG. 2),



- 12 - What is Cained: 1. A nethod of formng a wire | oop conprising the
steps of: (1) formng a conductive bunp on a bondi ng

| ocat i on wei2og/®@13¥0r e bondi ng t ool ; (2) lpomaisp@1m4qaoe ti on of
wire to anot her bonding |ocation using the wire bonding tool;

(3) extending a length of wire fromthe bonded portion of wire toward the
bondi ng | ocati on; (4) lowering the wire bonding tool toward
t he bonding | ocation while detecting a height of a tip of the wire bonding
tool ; and (5) interrupténg the lowering of the wre bonding

tool during step é t.he rt'%qp of the wire bondi ng tool reaches a
pr edet er mi HEORar ‘ﬁght hé‘ THE MR SHISECRd &5 BNUPRYER IO MFENY QUEEYFR ned
hei ght i s mnbiagahaeginbei ghrIGAes m*ee;dnaiug kvl 450 Braicdg (e.8., Ih@rmehbodr of claim

1 wherein fJI[*ehee rpbeﬁl%t ornré1 netg b%ﬁdlg%?oc tlon E h?v%%]\ﬁa? vl\?r%)fédrlalg Qv‘?#eght det ect ed
during step mount r'eShol

bondmg tooI 450, conductlve bump 400c (now |abe|ed as 400c1 as it has been raised

off of its bonding location 406a) has been lifted off bonding location 406a with bonding

tool 450. For example, the lift off of conductive bump 400c may be caused by the

smoothing motion (e.g., the smoothing motion of Step 6 of FIG. 2).

[0029] At FIG. 4C wire bonding tool 450 has raised to a flame-off height. At this
height, an electronic flame-off (EFO) assembly is used to form a new free air ball on a
wire tail. However, in this case, there is no exposed wire tail because of the lift-off of
conductive bump 400c. Thus, during the flame-off operation, spark 460a from EFO
wand 460 (of an EFO assembly, not shown) melts conductive bump 400c1 into free air
ball 400c2. At FIG. 4D, free air ball 400c2 has been bonded to bonding location 408a
to form first bond 410a. Then, length of wire 410b (continuous with first bond 410a) is
extended toward bonding location 406a (where conductive bump 400c should be, but it
is not). During the descent of wire bonding tool 450 towards bonding location 406a, a
z-axis height of the tip of wire bonding tool 450 is detected to ensure that conductive
bump 400c has not been previously lifted off bonding location 406a. In this example,
conductive bump 400c has been lifted off of bonding location 406a (as illustrated in
FIG. 4A). Thus, the wire bonding system (e.g., using software) determines that the tip
of bonding tool 450 has passed height hl, and indeed has passed height h1l by more
than the height threshold hy, shown in FIG. 4D. Thus, it can be declared that
conductive bump 400c is missing. The bonding process may now be stopped (including
stopping descent of bonding tool 450), and an alert may be provided (e.g., to an

operator, to a control room, etc.).

[0030] The inventive techniques disclosed herein are particularly applicable to
copper wire bonding. Copper wire has certain physical properties that tend to
exacerbate the potential for short tail errors using conventional bumping techniques.
Thus, the present invention may provide exceptional benefits to copper wire bumping
and bonding processes. Of course, the inventive techniques are also applicable to
other types of wire bonding including, for example, gold, aluminum, and Pd coated Cu

wire bonding.

[0031] Although the present invention has been described primarily with respect

to certain exemplary method steps in a predetermined order, it is not limited thereto.



4. The nethod of claim3 wherein the height threshold is | ess than 10

m croneters. 5. The nethod of claim 1l wherein the predeterm ned height is a
snoot hi ngwvbebghizizused for snoot hi ng the conducti ve bunppterusest1duwsbang step
(1), the snoothing height being detected during step (1). 6. The nethod of
claim1 wherein the predeterm ned height is |ower than a snoothi ng hei ght
used for snoothing the conductive bunp formed during step (1) by an anount
equal to a height threshold, the snoothing hei ght being detected during
step (1). 7.The nethod of claim6 whetein the height threshold is | ess than
10 micronmeters. - 13 - 8.The method of claim1l wherein step (3) includes
ext endi ng ¢HEIN 1§ BeaF MAYIRE FEAHIICALT BEBHERSH Cpatditi Al SeRshmehaE 2€¢R¢. | engt h
of wire iswigtintidstopsofivht fprdsbet inasndied. porti on.

[0032] Although certain exemplary embodiments of the present invention have
been illustrated and described in connection with detecting a height of the tip of a wire
bonding tool (e.g., the lower tip) it is not limited thereto. It will be appreciated that a
height of any portion of the wire bonding tool, or a structure that moves with the
bonding tool, may be detected to achieve certain benefits of the invention described

herein.

[0033] Although the present invention has been illustrated and described in
connection with techniques of detecting bump lift-off, it is not limited thereto.
Conductive bumps (such as bump 400c illustrated herein) may have problems detected
by the present invention other than lift-off. Such problems may include, for example,

misplaced bumps, poorly shaped bumps, weakly bonded bumps, etc.

[0034] 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.



9. The nethod of claim 1l wherein step (1) includes: (a)
bonding a free air ball to the bonding | ocation using the wire bondi ng tool

to form awbanoadidaal | ; (b) raising the wcrashandiegot ool to
a desired height, with a wire clanp open, while paying out wire continuous
wi th the bonded ball; (c) closing the wire clanp;

(d) lowering the wire bonding tool to a snoothing height wwth the wire
clanp still closed,; (e) snoothing an upper surface of the
bonded ball, with the wire clanp stitl2el osed, using the wire bonding tool;
and (f) raising the wire bonding tool, with the wire clanp

still cl os¥pt i blaigshrate the bonded ball fromwire engaged with the wire
bondi ng tool, thereby form ng the conductive bunp on the bonding | ocation.
10. The net hod of cl & m 9A wheehael of fetrem § b)reilonpl avdesisinaitisd stgpt dfe Wi re bondi ng
tool to the desired height, the desired height being a tail height of a

bunpi ng_process. 11t} Begh@lecd Sidh 8 WBREhs 2beh (g 4 Rkudes rai sing

the wire bondin
bet ween 5-209fkp

;

tool” to the desired hel ght, e desired hei ght being
Olabove an upper surface of the bonded ball. 12. The nethod

of claim9 wherein step (d) includes lowering the wire

(2) bonding a portion of wire to another bonding location using the wire

bonding tool;

(3) extending a length of wire from the bonded portion of wire toward

the bonding location;

(4) lowering the wire bonding tool toward the bonding location while

detecting a height of a tip of the wire bonding tool; and

(5) interrupting the lowering of the wire bonding tool during step (4) if

the tip of the wire bonding tool reaches a predetermined height.

2. The method of claim 1 wherein the predetermined height is a

bonding height detected during step (1).

3. The method of claim 1 wherein the predetermined height is lower

than a bonding height detected during step (1) by an amount equal to a height
threshoid.

4. The method of claim 3 wherein the height threshold is less than

10 micrometers.

5. The method of claim 1 wherein the predetermined height is a

smoothing height used for smoothing the conductive bump formed during step (1), the

smoothing height being detected during step (1).

6. The method of claim 1 wherein the predetermined height is lower

than a smoothing height used for smoothing the conductive bump formed during step

(1) by an amount equal to a height threshold, the smoothing height being detected

during step (1).

7. The method of claim 6 wherein the height threshold is less than

10 micrometers.



bondi ng tool to the snoothing height such that a tip portion of the wire
bonding tool is in contact with an upper surface of the bonded ball. 13. The
met hod ofwol2aizm2@34eherein step (d) includes | owering thecwuseothonsieang t ool
to the snoot hing height, the snoothing height being 0.1-2 m s higher than
a height of the wire bonding tool during step (a). - 14 -

14. The method of claim9 wherein step (d) includes formng a slack |ength
of wire between the wire clanp and the wire bonding tool by |owering the
wi re bonding tool to the snoothing heilght with the wire clanp still closed.
15. The method of claim 14 wherein ste f) includes applying ultrasonic-
energy during the r&isin§'&RE PEC'B'thiW%ﬁ?eﬂrbng & 'Bﬁ%@esétq”g“&gfm% portion
of the sl aekgthengtrh fre thierbenddd pugdn $uve thatrtee ogdh afguitedokorttmubor witla Wi r e

tail. he bonded. portioln6. The nethod of claim9 wherein step (f) includes

appl yi ng uﬁ trasoni'’c energy during the raising of the wire bonding tool.

17. The method of claim9 wherein steps (d) and ?e), occur at | east

partial ly sinultane8uslyTlhe method of claim 1 whegpin stae (WEbHEESHf clai m 9 wherein
steps (d) and (e) occur through a downward, and angled, notion of the wire
bondi ng tool . (a) bondiBg a Tiee amatah adl tiaf basldmigno@tivmesied theduird Nng st ep

(e) the upper . Il is smoothed by a horizontal notion
of the wire boﬁ”&f‘%@&?%"ﬁ? fobf abQO'P](aS&ijF} 20. The nmethod of claim9 wherein

during step (e) the upper surface of the bonded ball is snoothed by a
notion of the w re bondi H@ reigige thgavire gordintolRrli@raddesived Beipdy WG mtvare
conponent. clamp open, while paying out wire continuous with the bonded ball;

(¢) closing the wire clamp;

(d) lowering the wire bonding tool to a smoothing height with the

wire clamp still closed;

(e) smoothing an upper surface of the bonded ball, with the wire

clamp still closed, using the wire bonding tool; and

(f) raising the wire bonding tool, with the wire clamp still closed,
to separate the bonded ball from wire engaged with the wire bonding tool,

thereby forming the conductive bump on the bonding location.

10. The method of claim 9 wherein step (b) includes raising the wire
bonding tool to the desired height, the desired height being a tail height of a bumping

process.

11. The method of claim 9 wherein step (b) includes raising the wire
bonding tool to the desired height, the desired height being between 5-20 mils above

an upper surface of the bonded ball.

12. The method of claim 9 wherein step (d) includes lowering the wire
bonding tool to the smoothing height such that a tip portion of the wire bonding tool is

in contact with an upper surface of the bonded ball.

13. The method of claim 9 wherein step (d) includes lowering the wire
bonding tool to the smoothing height, the smoothing height being 0.1-2 mils higher
than a height of the wire bonding tool during step (a).



21. The nethod of claim9 wherein during step (e) the upper surface of the

bonded ball is snoothed by a notion of the wire bondi ng tool having an
upwar d amnstoaotranrizaont al conponent . 22. TireTrostham4aabo cl ai m 9
wherein ultrasonic energy is applied to the wire bonding tool during at
| east a portion of step (e). 23. A nethod of detecting if a

conductive bunp is in a desired position in connection with formation of a
stand-off stitch bond wire | oop, the nmethod conprising the steps of:

(1) form ng a conductive bunp on a behdlrng | ocation using a wire bondi ng
tool, the conductive bunp being configured to be a stand-off for a

st and off stitch boRd wi @m@@}gd ofcla|f59 wherein step (d) mcludes(f%m%ﬁaiaﬁlg a

portion oflemdth@f Mreaeﬂ\telaertheb@méhcuagmplamcahe @lre usnmgg tddebionerib@trdi wige t ool ;

(3) exten h, of re fr bond |on of wire toward the
bondi ng | gt%:oggmg tg& 9l sqnoo\%mg he'g%iﬁ'&q ower 1 n gar{”ﬁ ghl CI(r)Seedbondl ng tool toward

t he bondi ng Iocatlon whi | e detecting a hei ght of atip of the wire bonding
t ool ; and 15, Thegpeihad &F ¢laipt thiyhengd Jteme) i”ﬁg‘d@f’r aRAYENGN r e bondi ng

tool duri ngtrsic@R drd)gyi dcurlhBQhé/\lafsﬁwde@dJlﬂégaoh@@b tcﬁcﬂ?@&b@s% a® |AEsegpbeibAoned
hei ght . t he predeterm ned

nei gnt i s B aBRaIoRE iR i T aaT et Gells o 5 wre i, 25, The

met hod of claim 23 wherein the predeterm ned height is |ower than a bonding
hei ght detected durilhg stlepmethpdlofclaim mberein gquiéf) incbidas heplghd t hr eshol d.

ultrasonic energy during the raising of the wire bonding tool.

17. The method of claim 9 wherein steps (d) and (e) occur at least

partially simultaneously.

18. The method of claim 9 wherein steps (d) and (e) occur through a

downward, and angled, motion of the wire bonding tool.

19. The method of claim 9 wherein during step (e) the upper surface

of the bonded ball is smoothed by a horizontal motion of the wire bonding tool.

20. The method of claim 9 wherein during step (e) the upper surface
of the bonded ball is smoothed by a motion of the wire bonding tool having a

downward and a horizontal component.

21. The method of claim 9 wherein during step (e) the upper surface
of the bonded ball is smoothed by a motion of the wire bonding tool having an upward

and a horizontal component.

22. The method of claim 9 wherein ultrasonic energy is applied to the

wire bonding tool during at least a portion of step (e).

23. A method of detecting if a conductive bump is in a desired
position in connection with formation of a stand-off stitch bond wire loop, the method

comprising the steps of:

(1) forming a conductive bump on a bonding location using a wire
bonding tool, the conductive bump being configured to be a stand-off for a stand-off

stitch bond wire loop;



26. The nethod of claim 25 wherein the predeterm ned threshold is | ess than
10 m croneters. 27. The nmethod of claim 23 wherein the

pr edet er mvoadi2meimhbt is a snoot hing hei ght used for snoethiusgoitiess2o
conductive bunp formed during step (1), the snoothing hei ght being detected
during step (1). 28. The nethod of claim 23 wherein the
predeterm ned height is I ower than a snoothi ng hei ght used for snoot hing

t he conductive bunp formed during step (1) by an anobunt equal to a hei ght

t hreshol d, the snoot hi ng hei ght bei ngidetected during step (1).

29. The nethod of claim 28 wherein the height threshold is | ess than 10

m cronet ers. (2) bonding azpprtiqrhef Wig fporolTer pading PgatigResEiorihe g (3)
i ncl udes exdreiditag;the | ength of wire fromthe bonded portion such that the
|l ength of wire is continuous with the bonded portion 31.

The method of claim gfe Vl}grlwec{lr?gl[%le?\htgp f(wlpé: flronng lth %ded por{‘ign 81’ ¥\IH‘€ toward

(a) bonding a free é F'ocat 1 'onus W Te bonding
tool to fommbenéioadnsatiel | ; (b) raising the wire bonding
tool to a desired height, with a wire clanp open, while paying out wire
conti nuous w th the (bprdethdelwire bonding tool toward thd BIndilOIBERBn tkGEe W I €

ﬁlefigﬁt i ¢ fietecting 2 ?eégh&"gﬁ%'ps"?“%r‘}‘“g t he gV\gol’e bgndl ng tool to a snoot hing

(5) interrupting the lowering of the wire bonding tool during step (4) if

the wire bonding tool reaches a predetermined height.

24.  The method of claim 23 wherein the predetermined height is a
bonding height detected during step (1).

25. The method of claim 23 wherein the predetermined height is
lower than a bonding height detected during step (1) by an amount equal to a height
threshold.

26. The method of claim 25 wherein the predetermined threshold is

less than 10 micrometers.

27. The method of claim 23 wherein the predetermined height is a
smoothing height used for smoothing the conductive bump formed during step (1), the

smoothing height being detected during step (1).

28. The method of claim 23 wherein the predetermined height is
lower than a smoothing height used for smoothing the conductive bump formed during
step (1) by an amount equal to a height threshold, the smoothing height being
detected during step (1).

29. The method of claim 28 wherein the height threshold is less than
10 micrometers.

30. The method of claim 23 wherein step (3) includes extending the
length of wire from the bonded portion such that the length of wire is continuous with

the bonded portion.

31. The method of claim 23 wherein step (1) includes:



(e) snoothing an upper surface of the bonded ball, with the wire clanp

still closed, using the wire bonding tool; and (f) raising
the wire wondiangiiseol, with the wire clanp still closedpcrwsse@pataee the
bonded ball fromw re engaged with the wire bonding tool, thereby formng
t he conductive bunp on the bonding | ocation. 32. The net hod

of claim31 wherein step (b) includes raising the wire bonding tool to the
desired height, the desired height being a wire tail height of a bunping
process. 33. The nethad-of claim 31 wherein step (b)
includes raising the wire bonding tool to the desired height, the desired
hei ght bei ng between 5- 262)MondinaBdies adrbalifpéie RAingdecagien HFBI Bsn¥Ed bal | .
34. The net hod whdiahabdnsSorimhesided stiep (d) includes lowering the wire
bondi ng tool to the snoothing height such that a tip portion of the wire

bonding tool is in conta | . face : , 20 bal | .
35. The nethod of claim \@f ol @Eéﬁﬁwggggﬁ‘%@{%"ﬁ% au%érEFg\?\@ﬁt:’]g'gtqtah@lr%\ﬁ re
bondi ng t ool tlareoratpvihie Py itEeYire qohtingaws atithi the bhrdegitelibei ng 0. 1-2 nil's
hi gher than a height of the wire bonding tool during step (a).

36. The nethod of clai m &) whargehowsteRnfpd) includes formng a slack [ength
of wire between the wire clanp and the wre bonding tool by |Iowering the

wi re bonding tool to the i i W ire. cl L) _cl osed.
M7 o9 TR e Wbt o 1% b RS Reb e Pl nies
appl yi ng ul t r aswrd dampétilhgloshdr i ng the raising of the wire bonding tool to
pass at |least a portion of the slack |length of wire through the wire

bonding tool to forma wWd)ennatding an upper surface of the Bshded B&lI, Wathhad wak cl ai m

31 wherein step, (f) jincludes applying ultrasqnic, energy during the raising
of the wire boncéﬁ(rﬁ‘%gstflgcg S.eg’ dsirig the W'regoond'”ggg)o.q’ ¥t met hod of claim 31

wherein steps (d) and (e) occur at |least partially simultaneously.
(f) raising the wire bonding tool, with the wire clamp still closed,

to separate the bonded ball from wire engaged with the wire bonding tool,

thereby forming the conductive bump on the bonding location.

32. The method of claim 31 wherein step (b) includes raising the wire
bonding tool to the desired height, the desired height being a wire tail height of a

bumping process.

33. The method of claim 31 wherein step (b) includes raising the wire
bonding tool to the desired height, the desired height being between 5-20 mils above

an upper surface of the bonded ball.

34. The method of claim 31 wherein step (d) includes lowering the
wire bonding tool to the smoothing height such that a tip portion of the wire bonding

tool is in contact with an upper surface of the bonded ball.

35. The method of claim 31 wherein step (d) includes lowering the
wire bonding tool to the smoothing height, the smoothing height being 0.1-2 mils
higher than a height of the wire bonding tool during step (a).

36. The method of claim 31 wherein step (d) includes forming a slack
length of wire between the wire clamp and the wire bonding tool by lowering the wire

bonding tool to the smoothing height with the wire clamp still closed.



40. The nethod of claim 31 wherein steps (d) and (e) occur through a
downwar d, and angl ed, notion of the wire bonding tool. 41.
The met howoabi2l2a34m 31 wherein during step (e) the uppercswst@am4cbot he
bonded ball is snoothed by a horizontal notion of the wire bonding tool.
42. The nethod of claim 31 wherein during step (e) the upper surface of the
bonded ball is snoothed by a notion of the wire bonding tool having a
downward and a horizontal conponent. 43. The net hod of

claim 31 wherein during step (e) the-upper surface of the bonded ball is
snmoot hed by a notion_of the wire bonding tool having an upward and a

hori zont al ~conponeng’/-  The method of claim ﬁwhqfﬁ@sﬁ%‘tﬁbtﬂ‘c'ﬂfje%?%w?%l wher ei n

ul t rasoni aleaehg\enesyyafpphy etk tairighe thd wiee bomdhdgot qlasslat e agiorfi@ast a
portion ofof%];lee

Qaék%ngth of wire through the wire bonding tool to form a wire tail.
38. The method of claim 31 wherein step (f) includes applying

ultrasonic energy during the raising of the wire bonding tool.

39. The method of claim 31 wherein steps (d) and (e) occur at least
partially simultaneously.

40. The method of claim 31 wherein steps (d) and (e) occur through a

downward, and angled, motion of the wire bonding tool.

41. The method of claim 31 wherein during step (e) the upper surface

of the bonded ball is smoothed by a horizontal motion of the wire bonding tool.

42. The method of claim 31 wherein during step (e) the upper surface
of the bonded ball is smoothed by a motion of the wire bonding tool having a

downward and a horizontal component.

43. The method of claim 31 wherein during step (e) the upper surface
of the bonded ball is smoothed by a motion of the wire bonding tool having an upward

and a horizontal component.

44, The method of claim 31 wherein ultrasonic energy is applied to
the wire bonding tool during at least a portion of step (e).



