CONDUCTI VE BUMPS, W RE LOOPS, AND METHODS OF FORM NG THE SAME

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains the
benefit oWoWofd/126478vi si onal Application No. 61/ 165, 679, pCiriusdoidpoessk4 1,
2009, the contents of which are incorporated herein by reference. FIELD OF
THE |1 NVENTI ON [ 0002] The present invention relates to conductive bunps and
wire |loops utilizing conductive bunps, and to inproved net hods of formng
conductive bunps and wire | oops. BACKGROUND OF THE | NVENTI ON [0003] In the
processi ng and packagi ng of sem conductor devices, conductive bunps are
formed for G¢RND BFFTEVE\EUNP@ WIRE{LQQRS, ANDMETHADS OB FORMING FKHESAME such
bunps may be provided for: (1) use in flip-chip applications, (2) use as
stand-of f conductors, (3) wire | ooping applications, (4) test points for
testing applications, anongst others. Such conductive bunps may be forned

in varying techni ques. QOR®OSSUREFERENTRITQURELATEDOAFRICATIOR conducti ve bunps
using wire, such as on a wire bondi ng machi ne or a stud bunpi ng nachi ne.

[0004] Nu[@@@LE t ecTins qpplication clabmhstirgbarafid uf UiS: @rduisipsal dippAcatioheNdondi ng

"VETHOD AR RERARAT R AR 2T N R b e pre R efed TrreicBhaecT o

USI NG A WeRgeBGNDI NG MACHI NE') and U. S. Pat ent 7, 188, 759 (entitled "METHOD
FOR FORM NG CONDUCTI VE BUMPS AND W RE LOOPS"), both of which are

i ncorporated by reference in thggrp ertiHeeinvenr@P5] FIG 1 illustrates an
exenpl ary sequence of form ng a conducti ve burrp on a wWre bondi ng machi ne

or bunpin ine._ At Ste free air is seated at the tip of
bondi ng tg%m A:Ehwrelserﬁé"{ﬁ{ﬁ@f‘é'?'@&ﬁ thof‘ﬁ‘ﬂE@esqymﬂseﬁle‘?ﬁ'r? Part, prior

to Step 1utulfmrepcmdueﬁnw burip) ankas ilemved oneracdsOsr faﬂmagd:oncﬂudmve&)uhﬁﬁ drlaat
hangs bel gw 1'1311% tip of bonding tool 102 using an electronic flame-off
device or t ike. Wre clanp 104 is also shown at Step 1 in the open

position. As will be understood by those skilled in
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 in varying 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 7,229,906 (entitled *"METHOD
AND APPARATUS FOR FORMING BUMPS FOR SEMICONDUCTOR INTERCONNECTIONS
USING A WIRE BONDING MACHINE”) and U.S. Patent 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 has 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



the art, wire 100 is provided by a wire spool on the machine (not shown).
Wre 100extends fromthe wre spool through wire clanp 104 (and through

ot her st rWE120106804§8t shown) and t hrough bondi ng t ool 102CT[WSQVE10288%2¢er free
air ball 100a is forned (prior to Step 1), wire 100 is drawn upwards (e.g.,
usi ng a vacuum control tensioner or the like) such that free air ball 100a
Is seated at the tip of bonding tool 102 as shown at Step 1 of FIG 1. At
Step 2, bonding tool 102 (along with other elenents of a bond head assenbly
including wire clanp 104) is |lowered and free air ball 100a is bonded to
bondi ng |6>65?%fﬁ°fﬂgg c'\@fegSPOObtth@hﬁﬁ'ae Br PR TR IEIRON AtRETIBRICEE N | | be
under st ooshdwh)tandBrodighlHoddingnobdl2art, the bonding of free air ball 100a
to bonding location 106 may utilize ultrasonic energy, thernosonic energy,

h nbi h f,
otner teohioRes . [OGUA st erf pBe ROpHRes i E ST ekl 43R ng.
| ocati on a@gards (Spepisthy aweeum hanttsd heteibrier eetha likeahieh thay freewimiealt ¥10zed
bonded balglge gb&’tg%gfbf%ﬁ&?gltmoigé s%%'at%@é‘d‘% oP?f@'lngAES’t%b 202 is

raised to a desire be referred to as Separation
hei ght (f bmﬁlwﬂ R h92 @lem y'tbfothﬂrelermentérvé admdé@éd @ﬁwﬂtﬂbﬁtﬁ'%ng WHE 102

has been Elamﬁel(b4§'+§3!|8vvte|’@iam1‘ﬂé@glr@§h l1 089 ®bdrieB R bBREGIRE |&@ab@dosmebh% tip
of bondin bondi ng

Door “1on e i s geriontustat B 198y ho il b iafeaiRady: it st dng AR he'x

axi s or Ythedonding dffireerscbalh®)0d o simdoighiotdtnt 105 way Ltz mltrabmﬂdederiga] I

100b. Suc f f

purp,  anct ST SRRy Moo el Y BHle 2%, PofsfBREHEC | oot
of the wi amongst gthdrdechiniaydse separati on t herebetween. At Step 5, bonding
tool 102 is raised to another height (which may be referred to as the wire

tail hei gjgdoziand thear tbd @nr@lanaﬁrmal%dnae@k@s@@hma hRatied 168 epsaap pondi ng

t ool 102 ralsed to connecti on betwe 100 mh h
oy now biheES His bR T e bl ey 10n e Bhmer et of b e S0P For
exanpl e, bohskiihgpdn) bbndidg tmaylotzes rasezlem d desiredEfe@HteThist heMtitahay be a

POST {1 on Aeall Bl 818 EHATORL G AP ALnd BRCPOMKEIE, Bd Eheedhabl | On

wire tail of "wr Y he ucti ve bunps using such
convent i obrildingtoiehl @R1bas Pesroraised sueh ttl@atrboaéeqi bRl AP s naHengexeedERckin ther i ng

the snoot fi) BIbERYihPRDI 1825t RPstep 4, BBth wire clamp 104 still open, bonding tool 102 is
moved in at least one horizontal direction (e.g., along the X axis or Y axis of the
machine) to smooth the top surface of bonded ball 100b. Such smoothing provides a
desirable top surface for a conductive bump, and also weakens the connection between
bonded ball 100b and the rest of the wire to assist in the separation therebetween. At
Step 5, bonding tool 102 is raised to another height (which may be referred to as the
wire tail height), and then wire clamp 104 is closed. Then at Step 6, bonding tool 102
is raised to break the connection between bonded ball 100b (which may now be termed
conductive bump 100c) and the remainder of wire 100. For example, bonding tool 102
may be raised to an EFO height which is a position at which an electronic flame-off
device forms a free air ball on wire tail 100d of wire 100.

[0008] Forming conductive bumps using such conventional techniques involves
certain deficiencies. For example, during the smoothing motions in Step 4, the
connection between bonded ball 100b and the rest of the wire is weakened; however,
in certain processes the connection may be weakened to the point where the
connection breaks prematurely (that is, the connection may separate during the rise to
tail height shown at Step 5 prior to the closing of clamp 104). If such a premature
separation occurs, the wire tail that is provided for the next free air ball (that is, wire
tail 100d) may be short (i.e., a short tail condition). In an attempt to avoid such a



connecti on between bonded ball 100b and the rest of the wire is weakened,
however, in certain processes the connection nay be weakened to the point
wher e t heWOeAHEEP47dn breaks prematurely (that is, the cERHABRIOM28%2Y
separate during the rise to tail height shown at Step 5 prior to the
closing of clanp 104). | f such a premature separation occurs, the wire
tail that is provided for the next free air ball (that is, wire tail 10Qd)
may be short (i.e., a short taiI condition). In an attenpt to avoid such
aproblemthe snoothing in Step may be reduced such that the connection is

not excesBropEny theResrbing 'ﬁ&ﬁ@ﬂ/érma\»t ke seduser,eushoRal HestRIGEFTMGS RAY have

del eteri Oeﬁce§§lflé9tv@ak8néoeﬁ{6ﬁle9ér, the récﬁ,ﬁ:ﬂbﬁ Wsmbbtmhgstﬂéfl hege ddfeteridnst her
e wre

bl t hat | t t
DT Theblecss BLiekms of o ecltaBaies portapFoivat POSRenmaoIs Hrtr ey Brong
t he conduaﬂ:mgetahquere tob Gt v tsher thefvairentalg These pebblnsitendrtoaesult in _
conventi On%ldeI?E'{TQraé {ncgnsflstéHghan%ndeﬂwea%ﬁt?& JoYREn rf?g ocess) involves certain

chal | engesI r I1a nature of the bunp and
t he physical configuration of the top surface of the bunp. These chal | enges
tend to r E@QA2] i n pbether, fasminalsesrend hdnds ¢n & lgom@ndionalinpp{ @Ay iSHEh 3hby t

tail condipf 'S@BStypé Q%le)-{mgrves'crermrgllgﬁg%erﬁlafémoe f&rcexﬁhg)\(é ,4fe OMpRARA

conductive bunps, i mproved net hods of uctive bunps.
SUMVARY OREHFEO] W@W@P‘[ BrRIRY sk LA dPHE eB °§ﬁh9e39é?n%'lr F?/°EFH?0‘EH%nt of the
present i Teatdhamenges tehddresiiit ir0podriyFfolmed Behdatifstiechboraisi hdprotertidéd. The
nmet hod in ) steps of: (1) bonding a free air ball to a bonding

| ocati on %‘J'sqrﬁga”acoggﬁ |ng tool to forma bonded ball; (2) raising the

bonding tool to a desired height, with a wire clanp open, while paying out
wire cont [0RME wi t Fhushit weidde desirable E@wafdﬁsMOYQQ’ecoﬂﬁW@t'V@I buspes. @ay

loveri ng 1o felitbdsQR forhnG tifdRMdOLiAE highght with the wire clanp still
closed; (5) smoothing an upper surface of the bonded ball, with the wire

clam sty 11 glosed, using {he DOMs POLgORuER) | 2LoLna the bond na
W re engaged with the bonding tool. [0012] According to another exenplary
enbodi nenf0@f1} he pAesedihg tmarrikemplaryembbdiowndbf fher priesgntdnvedntien] @op i s
provi ded. m-gh%dr@tfgminlg %Céo%qﬁai\;e%rﬁ[s %O&OQifded.( Jf)we method includes the steps of:

(1) bonding a free air ball to a bonding location using a bonding tool to form a bonded

ball; (2) raising the bonding tool to a desired height, with a wire clamp open, while

paying out wire continuous with the bonded ball; (3) closing the wire clamp; (4)

lowering the bonding tool to a smoothing height with the wire clamp still closed; (5)

smoothing an upper surface of the bonded ball, with the wire clamp still closed, using

the bonding tool; and (6) raising the bonding tool, with the wire clamp still closed, to

separate the bonded ball from wire engaged with the bonding tool.

[0012] According to another exemplary embodiment of the present invention, a
method of forming a wire loop is provided. The method includes the steps of: (1)
forming a conductive bump on a bonding location, the step of forming the conductive
bump being according to the present invention; (2) bonding a portion of wire to
another bonding location using the bonding tool; (3) extending a length of wire from
the bonded portion of wire to the conductive bump; and (4) bonding an end of the

length of wire to the conductive bump.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention is best understood from the following detailed description

when read in connection with the accompanying drawing. It is emphasized that,



form ng a conductive bunp on a bonding |ocation, the step of form ng the
conductive bunp being according to the present invention; (2) bonding a
porti on AVORPIE2P4G3anot her bondi ng | ocation using the b8AAIUSZVH3E824 ( 3)
extending a length of wire fromthe bénded portion of wire to the
conductive bunp; and (4) bonding an end of the length of wire to the
conductive bunp. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The invention is
best understood fromthe foll owi ng detail ed description when read in
connection with the acconpanyi ng drawi n i s enphasi zed thatkggcgrding
'S

ot :
t 0 common2fREERY £ COPREMPARGLSEs ‘ﬁ”lﬁ?l"%gea&‘freﬁ REtRE YAV 2R S¢ i e.
On the cogid @nyrary,tBe dif&issdrRNST thé valikiswastubdssart eabitiagty edpandeédor reducddy

ded d for clarity. Included in the drawi the fol | ow
Guree. Rraer; T 5B ietina gl o dlnt FAviehG s Comvent fonal

approach of form ng a conductive bunp; FIG 2 is a series of diagrans
illustrating a met hBib.df isfaosemien gf diag@Emukuidtistvatinguarponventicnalregareeeh wf t h an
exenpl aryg& é%@ﬁﬁucpbebhﬁ present invention; FIGS. 3A-3B are side and top
bl ock di agramViews of a coﬁducti ve bunmp fornmed according to the techni que

of FIG 1; FIGS. 3C-3D are side and top bl ock diagramviews of a conductive
bunp formed accor di Fi§-tois@rrerien PEAlepiANs ettt g Bretiqdef formiag® F| Gs. 4A- 4B

are di agr asidulctivaiplirmhplin Becorddrehath o eamprayerabodifnent o0hei presteeor dance
with an exegﬁl{.ar_y enbodi nent of the present invention. DETAILED DESCRI PTI ON
OF THE | NVERTYTN [0014] | n certain exenplary enbodi ments of the present
i nvention, conductive bunps are fornmed. An upper surface of a conductive
bunp is snoot hed, fBIGSeBAnPB ere sidé agd tap Hycksdvoram Migwsetl iagtendictiyediiel ng

t ool . Aftpgrm%%g@dgmngqo_qﬂgtmﬂ 'u@g,fcpr.ai;free air ball to formthe

conductive bunp, but “prior to the snoothing of the upper surface, the

bondi ng tool is raised to a desired height (e_.g., a tail_ height ith the
wire clanp open. ThEFS R&-3P P& sidgApd tep Rlogls d@95RT Viayw ‘H(?n?ﬂ”ﬁ@c Vﬁm“’?%

| ower ed t forpret faecdrdingeo th Giventivé Banigueof RIAIQ; @ihdt he conductive bunp. This
process results in a slack |length

FIGS. 4A-4B are diagrams illustrating a method of forming a wire loop in

accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0014] In certain exemplary embodiments of the present invention, conductive
bumps are formed. An upper surface of a conductive bump is smoothed, for example,
using an XY smoothing motion of a bonding tool. After deposition and bonding of a free
air ball to form the conductive bump, but prior to the smoothing of the upper surface,
the bonding tool is raised to a desired height (e.g., a tail height) with the wire clamp
open. Then the wire clamp is closed and the bonding tool is lowered to perform the
upper surface smoothing of the conductive bump. This process results in a slack length
of wire between the top of the bonding tool and the bottom of the wire clamp. After
completion of the smoothing of the upper surface of the bump, the bonding tool is
raised to separate the conductive bump from the remainder of the wire. 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.

[0015] Thus according to the present invention, 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 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



of wire between the top of the bonding tool and the bottomof the wire
clanp. After conpletion of the snoothing of the upper surface of the bunp,
t he bondiWg 2080120478 rai sed to separate the conductive bEGH/USRYR023824

remai nder of the wire. In this proces8, the slack |ength of wire now
facilitates a desirable wire tail length, thereby substantially reducing
the potential for shorts tails and associ ated problens. [0015] Thus
according to the present invention during a "snoot hi ng" process (see Step

6 of FIG the wire c| osed whi ch substanti reduces t he
S otenti ol cobpletes thévuire Fril wm"%qﬁ%r%}"? ST PP et Y st ek E g ng
t ool cr eaid thgt thestiepralgeillitend bebPERORRS ab \whing Breaety doeeeﬂttonahpmc@sest tail

error). | contra conve ntignal tec h i ke il js
For met” af Perrn 8 Ssbif BoEBh o3 Rerdsfed Bhibiin SO HR LS8l s Bldnd & ¢ e
snoot hi ngthecealertial Yotadditianaberradvant age is that the wire tail will tend to
be stronger as conpared to conventional processes because no snoothing

moti on hago@£€}r I edricd ZVYﬁ@i‘t?é}é bg eW:r‘hBlawj‘éequeﬁ&%ﬁgymfn%cglé‘drﬂgcttl\r@b@ﬁﬁ enti al

for additional” errors. [0016] FIG |'ustrates an exénpl ary sequence of
forning ao®@niRpenfing,meshign o5 bWé‘gdBﬁm PRIGFRREFING &0 Hie Wﬁﬁﬂltdﬁv IORi ¢
accor di ngstep 1,FeeeiebaN200NsRbted bt tAE tn&toepoddmé te® 281 Azakill b2Qlaetstoseat ed

he ti f b | . 202. ' killed
the art, By PigeSehiledtbrdoan Trfor P 3l g otk BRE 2OBEBRs Pon PG Bl of
wire 200 ohaire B0 gisatiiwingsvbeloe thiepipodf Hoodidigrigoltusirig ars elegtramic Sbeetefdni ¢
flame-of f 4dgud <9ret618 i f: XYH &8 Wd@is%‘l%ﬁﬂlo?v%é'sﬁe@ﬁ?t@ @sitignéP 1 in the

open p05|t|on {er free air formed (prior to Step 1),

wire 200 is dravvn e&ward (e. usi ng a vacuum control tensioner or the
like) suchO9¥ak fr t%l’ffe%éﬂrlbaﬁéﬁﬁaissoﬁ'é%‘ié?f‘%ttotsﬁ%pﬂ?fd‘”fﬁz%ﬁoﬂrﬁ‘d“tooI 202
as shown apwﬁheree@ Qfsi Iana&unAtorﬁtr@meﬁ?saor#éead'trregmteqehcﬁa?at(ﬂelemgba/u 20020t her

I t f bl y ipgludi 4 d and
B R R BB AR S A8 i i e b SEPE) A epiereg o
sem condubtmdinglice! 205 ) alodg wilihl dtheneelermdmssif@dmnby\eah@seerelklvllm@@ﬂmmvmme art,
the bondi gy f20f45 %eloﬁtgl:ecpﬁlnd réd9R taft 2'695'% Bhde8 &8 boRBing WctBH 2@%'@32 2l e

ul trasoni c ener rnosoni ¢ energ her noconpr essi ve energy,

scrub, co%lﬁﬁétqgéﬁ@'qoﬁéﬁ‘@e'f d'eaﬁﬁ?hgéﬁ Vﬁ't' ﬁér““ﬁ‘%"éFﬂﬂdcﬂYe@OsT 8gte] MAhe&t bondi ng
of free atHe dingZdt@reeadir BaIER0Ga BINANRS IBEA IO 206 by Qktifigd ultrasonic energy,

thermosonic energy, thermocompressive energy, XY table scrub, combinations thereof,

amongst other techniques.

[0018] 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.

[0019] 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 (from viewing Step 3 of FIG. 2 one can see that the
tip of bonding tool is separated from bonded ball 200b at this height); however, it is
understood that different heights may be selected. While the invention is not limited
thereto, exemplary ranges for this height 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 separation height (from viewing Step 5 of FIG. 2, one can see that the tool has
been lowered such that the tip of bonding tool 202 is just barely in contact with an



notions may be conpl eted as desired. For exanple, a fold of wire may be
formed on bonded ball 200b before Step 3 such as is described in U S.

Pat ent NOWO202830486. OF course, other notions and conf P§EARR16/23834 bonded
bal | 200b are contenpl ated. [0019] Affer free air ball 200a is bonded to
bondi ng | ocation 206 at Step 2 (where the bonded free air ball may now be
termed bonded ball 200b), with wire clanp 204 still open, bonding tool 202
is raised to a desired height at Step 3. This height nmay be referred to as
a tail height (fromviewing Step 3 of FIG 2 one can see that the tip of
bondi ng t ¥BPerissrigemhaf kandgd Br%OBBnH\QH'eHQPI'"@OUB“a%”qtﬂi”%'t??e‘ihﬁl’ﬁt?r however ,

it is undershged Fah@és fd)lrftﬁlgﬂ'@@]tht Aed Qét%elﬁr@yl benisedrRCh@tleeViF1 ﬂ'nﬁsht@ove

invention is not i eretaq, a for this
bet ween 5! 'foherﬁt?ts"fé’ﬁad'ﬂgttﬁge?rpzﬁ SESP% a%%%seg‘?ﬁ’é"eﬂ"(‘}ﬂ Bondingra ’gﬂ}zr‘%'éh air
bal I 200btheAlir&Stiampiclosaidy @ stdcRgng2l4f wire 2008 des bdén Stovjuled, belinmdlmlgattml 202

sopar at1 off Er SR 15 SR Y Fhel pordlHsloB o o BN I BEL EEAPI AR | o
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not limted thereto exers}p ran or th i ght are between 1-2

mls and ERAshstse of bonded VBaH Hgomeﬁ\fﬁﬂ S’B?Otbﬁ‘ﬁcﬂ"ﬂ\jdﬁﬁ)ﬁIde?OaP'%leSt ep 2.

At Step Ssurlﬁaeelf@rv\@wmchwdum, bﬁ)d)blsg%a‘ﬁérﬁﬂh@h@nﬁ@dﬂ@n@e@ﬂ&rﬂf@%ﬁdec& sl ack
| engt h of bel ow e bottqm of Jiarrp 204

and aboveb\f!)Yi)ﬁ'bq Eﬂ_f rteﬁli)%stfﬁ(ia"ﬁpeAfr%\éJ@g ngthe, Geparal Péh?fFB%fj’efB4 %?Ff ¢l osed,
bondi ng t batdi@ddoi Qommlseldrtoairedlemgtcoone:tioorhek\mﬁraborrdilepléaetl|2@ﬁb((whgh al ong

t he X axi ﬁﬁg n%ﬁ&l'ye @Fﬂnﬁd cgﬁ&%&/g%u% aﬂﬂ)cZaﬁé@? Begﬁr;égﬁ%@fOfmF ZGU"LP{% | 200a.

di rection surf ce o ree air
Such s mo?*ﬁm@epb@\ﬂl'ﬂﬂa@ohzﬂémqym @ised o S0EFQceighrwhich isrripesiiieeatyiish and

al so makgﬁ‘%le”cﬁ@m@@l@ﬁﬁcéf’f e@v@@?dmera fr&eaip ol ed vhs’é da.@rm@dtdaweemo ofn t he
wire to assist in the separ tlontherebetvveeﬂH: %'Eﬁawo' 202
“BS?tf

i s rai sedc‘irﬁ‘eﬁtr'%‘ﬁ‘tf‘ ISR meRdingdROetaNeeens now
be ter rredengzlr)ﬁthevlﬂ(ebmav aB0(z) appilidd td tachiearithcbadingfof\slack l@&ﬁh onureexarrpI e,

bondi N9t 954, 302 I N5, EALRES oPSo FEQGIENN S Clbos @ POSi tion

whi ch an I cé rns free air ball on wire tail
20Qd of wire 200. In connectlon wi th raising bonding tool 202 to break the
connect i 0h0@20Kt ep In FIQ. 2 shwheightepfdroggdingrtoplrO2 at@epny andtisgbe §pPFi ed to

facilitat gowdepadid\@nddfrstdbdehat!tBRHeYHRImaY B€changed as desired from one step to

the next to achieve the desired smoothing.

[0021] By providing the slack length of wire 200e in this process prior to tearing
wire 200 to separate conductive bump 200b from the remainder of wire 200, a
desirable wire tail length 200d is provided. Thus, the potential for short tails (where
there is not enough wire to form the next free air ball hanging below the tip of bonding
tool 202) is substantially reduced. Thus, a desirable level of horizontal smoothing can
be accomplished in Step 6 of FIG. 2 without substantial risk of complications related to

premature separation.

[0022] The smoothing at Step 6 of FIG. 2 may vary considerably. For example,
the smoothing operation may consist of a single horizontal motion of bonding tool 202
across the top surface of bonded ball 200b as shown in FIG. 2. However, multiple
motions (e.g., back and forth, in different directions, etc.) may be provided in the
smoothing operation. Further, the smoothing motion may be completely horizontal as
shown in Step 6, or may have both horizontal and vertical (e.g., upward or downward)
components. Thus, the smoothed surface may be sloped in a given direction as is
desired. Further still, the smoothing step of Step 6 may be combined with the lowering



200e through the tip of bonding tool 202 to provide wire tail 200d. [0020]
Il n FIG 2, the height of bonding tool 202 at Steps 5 and 6 is the sang;
however, WO 20H/13/78r st ood t hat this hei ght may be chang®ETAS2¢18492888H from
one step to the next to achieve the désired snoothing. [0021] By providing
the slack length of wire 200e in this process prior to tearing wire 200 to
separate conductive bunp 200b fromthe remai nder of wire 200, a desirable
wire tail length 200d is provided. Thus, the potential for short tails

(wheretheE d?)I?not gnou hvmretoformthe next free air hanﬁlng
bel ow t he°t PY hdPagh P58 > B2y sindl& (/g SIRYI@Negus éa%%fh
desi r abl enictivelof @bndiag ltcmnmalms,rmt)mamgangmu feeh de.gomuwrsteed ahd t&tmonc_f;htof

FIG 2 w b | ' |ated..

separat i otnapg?l%ég] ﬁ%;haa srmo ﬁﬁ(a?% € %gp %gékggﬁégﬁ%ﬁg%'@gg?ﬁé%g% aer ably.
For exanpkenpletas isreosinglie maptimpmer at i on may consi st of a single horizontal
noti on of bonding tool 202 across the top surface of bonded ball 200b as

shown in Fhée3p- HOWBMRKe tﬁ@ﬁéélﬂh%\?@%f ﬁﬁog%lgmooﬁﬁﬁéo@% foprstiffacd & a
different "directions, etc. gr ovid t he snbot hi ng oper ation.

Furt her, W%H’O%P'F\mﬁ&ﬁﬁ?}"’d?? ?ﬁ§9m(5’ SflﬁS’mﬁl'ﬁ?rélch'ﬁ%tf'? Eﬁ?ﬂ%'vﬁymdﬁn in Step

6, or mypmdbmdﬂeﬁamglta$mal3ﬁaes aerdtelamaltoéelo@kmagramr\de@bfdﬂwmmfad)
corrponent noot he sSur en dir.ection

g R T T e R e e e RO R R 2 Sl
with the bewustragdle dnondindgot gukn@gPtooflustase the actua shape nfthe ¢oadgctjve

si mul t anegﬁﬁ% r&tnhgf}lve Mp '1§0c ﬁgﬁldgﬁwv&p sﬁﬁa&%cﬁ%oha% E@Q%o ng ol I ow an

angl ed ? hown r eby
t he | ower [osgtiQsT SSF%BS Poaﬁag t"??étlgf‘régﬁ i Rl o‘f): FEpn GPaereSwRHILEP thaﬁ has

single rmbé@ﬂsma&%@ke Bearlysstepa &a36! eyl Aseyam bOEedtOfbraBsIdhg STBRIBH NG Of
the top surface of a ndu Ctd ve bug@a O?n now

a e
desi r abl eV'SHer&BP?%'VS A L005 HA RBP%rrSiulrlf%ﬁe tcfé&?:ll @é'grﬁg\éa@gy Sa’ag?rde and
top bl ockthdinahatof lewenswfaceaoduz.t Fueetanpe,1iB6 cuffacaadaat uppel suyface 180c1

conventi O%& bgg%te{) |8°00/pr d%efacg-??e%eofq%\ﬁw g&gft% ?Eﬁoéi lustrative only,

and not ustra actual ape o he ¢conducti ve bunp.
Conducti ve bu 1000 |ncludes Iomer surface 10002 bonded to a bondi ng

| ocation [@ as bBefgring odd&hi 8R-3M@ side prdtorblockyigasam yispe? sur f ace
| OCcl t hatort@stive bump 200c formed according to an exemplary embodiment of the present

invention is provided. These drawings are illustrative only, and not intended to
illustrate the actual shape of the conductive bump. Conductive bump 200c includes
lower surface 200c2 bonded to a bonding location (such as bonding location 206 in FIG.
2), and an upper surface 200c1 that has been smoothed (e.g., using Step 6 of FIG. 2).
As can be seen from looking at the top view of conductive bump 200c, upper surface
200c1 occupies almost the same area as lower surface 100c2. For example, upper
surface 200c1 may be between 80-98% of the surface area of lower surface 100c2, and
pehaps even 90-98% of the surface area of lower surface 100c2. This increase in the
relative surface area of the upper surface of a conductive bump in comparision to the
lower surface of the bump is at least partially attributed to the increased horizontal

smoothing that is enabled according to the present invention.

[0025] The present invention may be used to form conductive bumps in a
number of applications. For example, the bumps may be used in connection with flip
chip interconnections. Another exemplary application is conductive bumping associated
with wafer testing of devices. Yet another exemplary use of the conductive bumps is as
stand offs. For example, the inventive conductive bumps may be used as a stand off in
connection with stacked die wire bonding. Further, the inventive conductive bumps



been snoothed (e.g., using Step 4 of FIG 1). As can be seen from | ooki ng
at the top view of conductive bunp 100c, the area of upper surface | OCcl is
signi fi caMPI2016384Ber t han that of | ower surface 100c2. PEAAUSAHIANRES24 t he
surface area of upper surface | OCcl ndy be between 50-80% of the surface
area of |ower surface 100c2. [0024] Referring to FIGS. 3C-3D, a side and
top bl ock di agram vi ew of conductive bunp 200c forned according to an
exenpl ary enbodi nent of the present invention is provided. These draw ngs

are illustrgtjy e%“ésya st%ﬁ&' oftqh cbﬁ“e%ﬁggg/ Ostérw i ?ﬁﬁq%oﬁq@ﬁ\ aﬁ%“aésss“ape of

t he conductive uctive bu 0C T RCl udés 1 ower dce 200c2
bonded tobanﬁaﬁhﬂf?@ gsdugtiased (nsTI&S- éé 4%ndi ng |l ocation 206 in FIG 2), and
an upper surface 200cl that has been snpothed (e.g., using Step 6 of FIG

As ca;[obze;seen FromA Qokiatgs @bnduavé 88mpi 0 HhidomsiUsdenwerrietd dn 200c,

‘éﬁ?eéx?é;l ST R L M
of | ower gie4eee slipparded mmm{awsoev{@g Q&c&&%@ioa)hemsukérape asrefuctive | owner
surface optaPaoba e ndgt FiRRdl dbotrdihe Bl B itodd P Baflr A A dho i e

bunp is amedteedsacopeding td thp mesemtbmtee\uonoltt llselesmeﬁ wasay eleotricatynterinestroot hi ng
that is eBéP&aﬁg |d%§ﬁ&~$ db&g d.9., 1R Mg%?%éa bf‘f\é%&i‘rérﬂ@ 40%9?£gdrndl]@§vé35§ﬁcat  ons.

i nvention rray e used ormcon uctive S Ih anu

For exanpf0¢.t HG. HEHB%StWé@s gRtinyees wrreémhﬂﬁ POMIding: lestricy 'e'ﬁ:r@nnect'on

i nter po?nesﬁwe@ﬁ%adémgelaf taogs&a&l&?ﬁ%&tn&@mhh@moo@n AstS?] PERTVEL trlwgel@.umad nﬂf o

assocCl ateg W r esS otner exenpl ar e 0 e

conduct i vg"eo?f&rph%g\rﬁ%ggﬁrté"tna‘#?ggoﬁ%f%{ ' Qﬁﬁﬁ)és QR l>éﬁ?mi?’\vg‘:“ (#%’uct i ve

bunps nmay Then,Uewgth @ w&resftlé)bc(cmftfndous mtrhrfarstt hovl 410D iséxteraat! @wardv r e

bondi | d off
ondi ng. Esd RfYe R&rﬁ? 409 FP‘béP{ e\N‘Fé’EgHﬁh'zx‘i%c E%%‘Eﬂ%ggg %%8@? ﬁggcﬁgﬁécﬁg 0

in connection Wt bond

i |1 ustrat &dmed asjacichpangBon FQM'VFIbGnPMQbL I thsisr eanels Clévsnbhrap 498b l§€|‘i’$p 400c

whi ch hasabaeradosfest ke REpAI10g | ocation 406a (e.g., die pad 406a of
sem conduct or die 406). Sem conductor die 406 is supported by substrate 408

ocor di ngt98sThe el HoRORLREPT BER PR LU SHiBh Bt Ao 2808HaRg o

the pr esehumprﬂﬂ@nmaynbe & closed thepiqocettoliesl provess! dor ekaapley azepesdiin 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 the bonding
tool reaching a predetermined z-position. More specifically, prior to the formation of
second bond 410c on conductive bump 400c, the bonding tool descends toward
conductive bump 400¢. After impact between the bonding tool (including wire portion
410c carried by the bonding tool) and conductive bump 400c at a certain z-position, a
reference position may be established (where the reference position may be, for
example, the impact z-position, a z-position slightly above the impact position, the
smoothing z-position, a z-position where ultrasonic energy is applied during second
bond formation, a z-position at a predetermined time after impact between the bonding
tool and the bump, amongst others). Then, the ultrasonic energy is applied to form
second bond 410c, that is, to bond wire portion 410c¢ to conductive bump 400c¢ (where
the ultrasonic energy may be turned on before impact, upon impact, upon the bonding
tool reaching the reference position, etc.).

[0028] Then, the ultrasonic energy is turned off (or reduced, for example, by at

least 50% of the energy level) (e.g., with or without a predetermined time delay) upon
the bonding tool reaching the predetermined z-position such that the bonding tool does
not drive too deep into conductive bump 400c. For example, the predetermined z-



bondi ng | ocation 408a (e.g., lead finger 408a of |eadfrane 408) to
conductive bunp 400c. FIG 4B illustrates continuous wire | oop 410

provi di ngVeIl28Y2Pp&/al i nt erconnecti on between | ead fi ngePCEABA018/48824
conductive bunp 400c. As is known to Phose skilled in the art, bonded
portion 410a (e.g., first bond 410a) is fornmed on |lead finger 408a. Then,

| ength of wire 410b (continuous with first bond 410a) is extended toward
conductive bunp 4000 Then, wire portion 410c is bonded (e.g., second bond
410c is for stich d) on conductive hu Thu uctive
f00 e B B b b R G SR 85 S BRREHS Ve
portion 418d r(am:hgs thessrtaned befackndd Pegitidrg the nduositionds bonportd(e.graysibgaa

cl osed | oqp . ndlng
ool may. BefEiiogrL 8 R RE TR Lo FREATRAE i AL BOANS B edchEs BT

bondi ng ofpredetesmined pesitiai 00f cayres mtharttearmiduespf 4eBrmirng mm@r@dgtrermupdn t he
bondi gt 9GbeshRABhAR: InPFANES WHBafoRy BRXchidiplaNGiiAB Sdoslok the PI T OF
to the formation second Oc on conguctlve bunp 400c, the bonding

t ool desc@fREENt BXAMPonduct i ve bunp 400c. After inpact between the bonding
tool (including wire portion 410c carried by the bonding tool) and

conducti vgobragp 400chatinvanties te%hnquz;u@s)suisctlbsam he&euh@‘rerpenccelam&iptphmlmm/ be
establ i she e reference |t|on b he i npact
2 bost 1 oRoPe st G B s S IR ePRoiEE SFOeT K soot ni ng
z-positi onxa@rlzatp@lse potentiaifer ehart tmlaea“mts @smgmogyent@nabwrnmdg deghniqyesecond
bond for”%hé’rth gHPﬁu'vEl‘B@Jh Bn%vf’éle?'é%le%fns Hb)%gﬁl?s't%oﬁ;g%%w Hm% biqneen

t he bondi ng too np, anmongst ot trasonlc ener gy
is appli eaowns @mﬁeg%eéor%f qOHFRE: Hmeverttw&ttecfy"qq% adeﬁtfo\ﬁppéca&& fa etherioc to

conduct i veypudrep m&%nem@;ahaum‘r\g for leka@®PIRi, GoRNENENNIMY afE Pl Woaed curwibef or e
i npact, go lnmpact, upon the bonding tool reaching the reference position,
[ 062

etc.). |nQ‘hen the ultrasonic energy is turned off (or reduced, for
exanpl e, by at Ieast 50% of the energy level) (e.g., with or without a
predet er m[AGA0] i e Akhaygh themresdnt il@ntipmbas betn desmchehgritaelypwisdeespeati ned
Z- posi ti oRy, S4edn tepé%pfalggrr@?ﬁ% é’cgpé Pio%ﬁp%gtserﬁ\%eddérﬁgre itt @ Qo BFMek Qﬁ&eto

conductive bunp r exa redeterm ned zposition nay
sel ect ed (&t qféh% 6t985r“éﬁye'?%Fﬂ?érai‘9%§T 9m5ﬁ°-d ?ﬁaéd'ﬂena'é{c@%m?hee@Sﬂﬁﬁlfng

t ool reachemid e stepect R pgredeait eneatipesi tion, the z-position is nonitored
(e.g., using a

[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.



z-axi s encoder or other technique) to determ ne when the bonding tool
reaches the predeterm ned position. O course, other techni ques of

det er m niW@ 20Hé12pt7@det er mi ned z-position (and/ or the refPETARZHIP2883%i ti on)
are contenplated within the scope of ¥he present invention. [0029] The

i nventive techngi ques di scl osed herein are particularly applicable to
copper w re bondi ng. Copper wire has certain physical properties that tend
to exacerbate the potential for short tail errors using conventional

bunpi ng techni ques. Thus, the present invention provides exceptional
benefits tWadpp®IMed:re bunpi ng and bondi ng processes. Of course, the

i nventive techniques are also applicable to other types of w re bonding
including, for exanmgle, @Ohethodloffrfifng aabedREive ®ahil tkimeatiicd doamtsig.

[ 0030] Al (tspoqgh t he present invention has been described primarily with
respect tO"tBFPAPH exenplary method steps in a predetermined order, it is
not limted thereto. Certain of the steps nay be rearranged or omtted, or
addi tional steps naylbeoratintea fregiairhall toleebaulipelostianesing ebending ie@diei on.

[ 0031] Al tﬂ%]prpgtgo;‘ phrention is illustrated and described herein with
reference to specific énbodi nents, the invention is not intended to be
limted to the details shown. Rather, various nodifications may be nmade in
the details within (Reradepihebandingige! tora degifedsightswish aiwie EegIARPeAnd
Wit hout  dewae tpapiéigfdu@ Wite@ntinveust wieh théednded balipi med: 1. A met hod of

form ng a conductive bunp, the nethod conprising the steps of: (1) bonding
a free air ball to ﬁ%)bclndi n E!olq,at iaon,usi ng a bonding tool to forma bonded
ball; (2) raising t Hna? Y8548 a desired height, with a wire clanp
open, while paying out wire continuous with the bonded ball; (3) closing
the wire clanp; (4) (#bolmeering thehborsraitaedta @smopthing Beigbt Withghdwirgrdame t h
the wire glipeRs&d;i |1 closed; (5) snoothing an upper surface of the bonded
ball, with the wire clanp

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

still closed, using the bonding tool; and

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

2. The method of claim 1 wherein step (1) includes bonding the free
air ball to the bonding location using at least one of ultrasonic energy, thermosonic

energy, and thermocompressive energy.

3. The method of claim 1 wherein step (1) includes bonding the free
air ball to the bonding location using (1) at least one of ultrasonic energy, thermosonic
energy, and thermocompressive energy, and (2) a scrubbing motion of an XY table of a

wire bonding machine.

4, The method of claim 1 wherein step (2) includes raising the
bonding tool to the desired height, the desired height being a tail height of a bumping

process.

5. The method of claim 1 wherein step (2) includes raising the
bonding tool to the desired height, the desired height being between 5-20 mils above
an upper surface of the bonded ball.



still closed, using the bonding tool; and (6) raising the bonding tool,
wth the wire clanp still closed, to separate the bonded ball fromwre
engaged WOR0tME048ndi ng tool. 2. The nethod of clai m 1PaHAIS2918/02882p (1)

i ncl udes bonding the free air ball tollthe bonding | ocation using at |east
one of ultrasonic energy, thernosonic energy, and thernoconpressive energy.
3. The nmethod of claiml wherein step (1) includes bonding the free air
ball to the bonding location using (1) at |east one of ultrasonic energy,

t her nosoni ¢ ener gy, and t her noconpr essi ve energy, and (2 scrubbi ng
motion of an XY tablfe of Tge\m?t5°%8?ﬂ?‘ﬁb1ﬁﬁﬁ@ﬁ?'ﬂgyep4(%)T'Fé”4?éta}ﬂ‘6‘éf”lﬂt € aim 1

wherein stbepdma)tocbirtcltudemobmmg ﬁn@gmﬁwcbmmtl 2gp poalontaf thé®oddiag ke idhi@i ght ,
t he desi re f bunpi ng process. 5. The net hod
£on V\{%g %Qh agtugﬁg 'jrtfacﬁ(ﬂf tﬁeeg de% baﬂ

of claim rei ra|S|ng t he bonding tool to the
desired height, the desired height being between 5-20 m|s above an upper
surface of the bondéd balTheanetiTpdoheleimbd vdferein stap (1) whetvdgsiowerdng (he)

| ncl udes gk 01t oeREbiithd Aabn thd HRoSRBRMUIGHE LRIEBLL SHER ridtak a tip

portion of the bondin IS In contact wth an upper surface of the
bonded balthan 7he'9ﬁé°f1§leht&ﬂ‘dm9 toPbHYANg KAREBI n step (4) includes | oweri ng

t he bonding tool to the snoothing height, the snoothing height being 0.1-2
m | ﬁ gi g]t]erl than a Bei ghtrhefmdthed bpadimng vstHé@émthrd (a9 uSdI@cpas(f&bmlnﬁa sTdit](ck

nmet hod of ¢ te n Wre
et ween ¢ 1 PLArF ARG PR QP B8 Pong PP SAE AP S B BENR R ool 1o
t he snoot lpaido Ihlm grhpothirtghhetigit wikth GhEC\Ivaerplas‘tn $tlll doseded. 9 The net hod of
claim8 wherein step (6) includes applying ultrasonic energy during the

raising of the bondigng t qfk nﬁé%h@@ﬁfsclé‘lh h%@?elﬁsw@)%I&Hestéﬁlyﬂ@Ck l'engt h
of wrethro@ghthe bondi ng t ool form The neth

0
claim1l whéf H'Cﬁ‘éfw(%L)f"lgn%‘ma@g‘gafﬁﬁh%ﬂ@d'm f?%é%ﬁ?? %tnlé?ﬁf Qﬂﬂ'?'ﬁ@gt{hﬁe
rai si ng tRBmck@mdtmgr Wirelthrough the bonding tool to form a wire tail.

10. The method of claim 1 wherein step (6) includes applying
ultrasonic energy during the raising the bonding tool.

11, The method of claim 1 wherein steps (4) and (5) occur at least

partially simultaneously.

12, The method of claim 1 wherein steps (4) and (5) occur through a

downward, and angled, motion of the bonding tool.

13. The method of claim 1 wherein during step (5) the upper surface
of the bonded ball is smoothed by a horizontal motion of the bonding tool.

14. The method of claim 1 wherein during step (5) the upper surface
of the bonded ball is smoothed by a motion of the bonding tool having a downward and

a horizontal component.

15. The method of claim 1 wherein during step (5) the upper surface
of the bonded ball is smoothed by a motion of the bonding tool having an upward and a

horizontal component.

16. The method of claim 1 wherein ultrasonic energy is applied to the
bonding tool during at least a portion of step (5).

17. A method of forming a wire loop comprising the steps of:



11. The method of claim 1l wherein steps (4) and (5) occur at | east
partially simultaneously. 12. The nethod of claim 1 wherein steps (4) and
(5) occurWoRpwigi’a downward, and angl ed, notion of thePbEdAERHY 0234 . 13.
The nmethod of claim 1 wherein during Btep (5) the upper surface of the
bonded ball is snoothed by a horizontal notion of the bonding tool. 14. The
nmet hod of claim 1 wherein during step (5) the upper surface of the bonded
ball is snpoothed by a notion of the bonding tool having a downward and a
hori zontal conponent. 15. The nmethod of claim 1l wherein during step (5) the

upper surface of thélhinmng »aprdyctive RyPad BRNUNGHOCRRN. dhe k@ A HHaIIRG

t ool havi nge adhdiewed BuRpdndudiggi zont al conponent. 16. The nmethod of claim1l
wherein ultrasonic energy is applied to the bonding tool during at |east a

portion of step (5). 17. thod of form wire |lao conprising the
steps of: (1) forming a cé%dgcgﬁ?” agrl?ﬁﬁ'rot?‘?”;lgl?g%od]drqbg 405%@1% %ﬂ;,g)g?rs?gngf‘gp of
form ng t he condelddfaren biwpdedbaiydi ng: (a) bonding a free air ball to a
bondi ng | ocation using a bonding tool to forma bonded ball; (b) raising

the bonding tool to a de%ﬁ%%@%ﬂ%%ﬁc&n&wé@?%‘@ P@sif:e'de}{g?%tﬁp@/ﬂh A @laﬂﬁa\(/ij)ng
U Wit

out wire continuous with-'t c) closing the wre clanp;

| oweri ng the b@REMWNiteoRAYIRGOUE Wie setinvgunBithrine RPp¢ed Plliwi re clanp still
cl osed; (e) snoothing an upper surface of the bonded ball, with the wire
clamp still closed, usingcthesih@tl Wge t@Mp; and (f) raising the bonding
tool, with the wire clanp still closed, to separate the bonded ball from

i dwiththe b i t.00l her. i . uct i
the bonding 1 ocation: oy haterRg the bR toc ¥ sofhuigERL Wi haiReCn
| ocati on usi ng ctame still closed;

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

clamp still closed, using the bonding tool; and

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

forming a conductive bump on the bonding location;

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

bonding tool;

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

conductive bump; and
(4) bonding an end of the length of wire to the conductive bump.

18. The method of claim 17 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.

19. The method of claim 17 wherein step (a) includes bonding the
free air ball to the bonding location using at least one of ultrasonic energy, thermosonic

energy, and thermocompressive energy.

20. The method of claim 17 wherein step (a) includes bonding the
free air ball to the bonding location using (1) at least one of ultrasonic energy,
thermosonic energy, and thermocompressive energy, and (2) a scrubbing motion of an

XY table of a wire bonding machine.



bonding tool; (3) extending a length of wire fromthe bonded portion of
wire to the conductive bunp; and (4) bonding an end of the length of wre
to the coM@REIWRMBunp. 18. The nmethod of clai m 17 wher ECH/USRHEH/0285p4

i ncl udes extending the length of wirel3fromthe bonded portion such that the
| ength of wire is continuous with the bonded portion. 19. The nethod of
claim 17 wherein step (a) includes bonding the free air ball to the bonding
| ocation using at | east one of ultrasonic energy, thernosonic energy, and

t her moconpr essi ve ener gy Thé fhethb® oM BLiIRP 7 RhefdiRbtEh X B) MIRIRE RaisingRhé a)
i ncl udes bon the free air b

i n ) nal | to the bonding |ocation usjin 1) at
| east one bBPg'BP ol £ Mg desied dirightnitersstsed Ee'ghﬁ?%w a&ﬁ@] heigat Pre)%gH%‘rp@si ve
ener gy, arntdodedd. a scrubbing notion of an XY table of a wire bondi ng
machi ne. 21. The nmethod of claim 17 wherein step (b) includes raising the

bondi ng tool to the,desi hej he. desir i j . il hei ght
of a bunping proces%.g' Zz&ﬁ%j'r%e%lr}g‘{]h%%é'g} 1% §Fﬁ?€§@§ﬁgﬂ}%ﬂ’%§?3§9‘(’é?h% ncl udes
rai si ng t thendioaddaldgo thetesiredtheighdetherdedire hegioht being bdvedendd 2A eilprabolei ng
between 5-2Q,,9k} SurBRE%E R b RREbauUr f ace of the bonded ball. 23. The nethod
of cl ai m 17 \Xpﬁggrei n step (d) 1 ncludes |owering the bonding tool to the
snoot hi ng hei ght such that a tip, portion_of the bonding tool is in contact

with an upper surfaéd of TPREYBAKBLCIFE 17 Whareinrpler (d) ISP IQYeling e
wher ei n stbepdibgXodl B6 kileBobtbWRy héightt dueh bientdi g pbeidh df ahé bending eddniisnio

hei ght, the snpothing hei ght bei c1- .| s higher than a height of the
bondi ng t §37ta tu‘?’itﬂﬁang'lpg r%"&l‘%a.cefé?‘gerﬁ%ndﬁéthr%hd of claim17 wherein step (d)

includes formng a slack length of wire between the wire clanp and the
bondi ng tool by | owé#i ng Theendsberdiphejaitrod? whereithstepriddinslusgs heveying thet h t he

Wi T f gl amBoﬁc%lii’ub kodt k@ E5AsmESthing Feigft BRAsREotRIngi HBIghR bR €1 A8 MidHet
I ncludes a In
trF\)apn ghei%ht of the bonding tool during step (a).
25. The method of claim 17 wherein step (d) includes forming a slack
length of wire between the wire clamp and the bonding tool by lowering the bonding

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

26. The method of claim 25 wherein step (f) includes applying
ultrasonic energy during the raising the bonding tool to pass at least a portion of the

slack length of wire through the bonding tool to form a wire tail.

27. The method of claim 17 wherein step (f) includes applying

ultrasonic energy during the raising of the bonding tool.

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

partially simultaneously.

29, The method of claim 17 wherein steps (d) and (e) occur through a

downward, and angled, motion of the bonding tool.

30. The method of claim 17 wherein during step (e) the upper surface
of the bonded ball is smoothed by a horizontal motion of the bonding tool.

31. The method of claim 17 wherein during step (e) the upper surface
of the bonded ball is smoothed by a motion of the bonding tool having a downward and

a horizontal component.



ultrasonic energy during the raising the bonding tool to pass at |east a
portion of the slack Iength of wire through the bonding tool to forma wre
tail. 27.WORB1M2P48d of claim 17 wherein step (f) incl uded/UpppopR§sg+

ul trasonic energy during the raising Yf the bonding tool. 28. The nethod of
claim17 wherein steps (d) and (e) occur at least partially simultaneously.
29. The nmethod of claim 17 wherein steps (d) and (e) occur through a
downward, and angl ed, notion of the bonding tool. 30. The nethod of claim

17 wherein during s p ( r_.sur e of the bonde noot hed
by a hori zont al rmtl h oﬁ?"fﬁ‘ée B%‘ﬂg 6%IW%e§ln diiiag ﬁ?P&Sg%ef u%‘feéls‘rﬁicf
wher ei n dwf thegbstdep bal )is $theothpp by asmmﬁm:eftbﬂe Hondingdnadldtavirad &n upwamicodreed by
a notion gf E%}ﬁﬁb&ﬁﬂkﬁg{# ool having a downward and a hori zontal

conponent . of claim 17 wherein during step (e) the upper
surface of the bonded ball is snoothed bé a notion of the bonding tool
havi ng an upward and3a hdhe seaibed otdaipbhéMhereds ultrasanigengety isRrelied te 17

wher ei n ulghé agm,l,gzt&,mg[,gygrbﬂegapé bédioh@rishg d@pndi ng tool during at least a
portion of step (e) he nmet hod of claim 17 wherein during step (4) a

z-position of the b d|n tool ni t wher ei n_ultraso
energy applied duri ﬁg P‘h‘é%‘f aigy grﬁ ?‘Esem uging ﬁtgartg?f’ GJB%Shthrh%
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wherein t %gn?hggr?ééé ?sdtu;ne%oa# EJ*) Sb(ﬁ'\%li ttogpreaﬁ# I ;{@’F&gﬁteﬁ"g{ngg %r ence

z- posi tion, ce Z- posi eln snDot t he
bondi ng t ®efitiduri ng step (e). 36. The nethod of claim 34 wherein the
predeterm ned z-position is selected relative to a reference z-position,

the reference z-posisi O_HTIQ@in‘Mh@cnoii @ik QleHéEﬁﬂa Eﬂé)rﬁkeaétewﬂirf‘elﬂ AMpbditsoBi C
energy is turn rein the
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t he ref er érigét af hedidandory toel duireg stesi(¢).on of the bonding tool a
predetermned tine after inpact deformation between (1) the

36. The method of claim 34 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being an initial z-

position at which ultrasonic energy is turned on during step (4).

37. The method of claim 34 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a position of
the bonding tool a predetermined time after impact deformation between (1) the
bonding tool and the end of the length of wire, and (2) the conductive bump.

38. The method of claim 17 wherein during step (4) a z-position of
the bonding tool is monitored, and wherein an ultrasonic energy applied during the
bonding of step (4) is turned off upon the bonding tool reaching a predetermined z-

position after a predetermined time delay.

39. The method of claim 38 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a smoothing

height of the bonding tool during step (e).

40. The method of claim 38 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being an initial z-

position at which ultrasonic energy is turned on during step (4).

41. The method of claim 38 wherein the predetermined z-position is

selected relative to a reference z-position, the reference z-position being a position of



bondi ng tool and the end of the length of wire, and (2) the conductive
bunp. 38. The nethod of claim 17 wherein during step (4) a z-position of

t he bondiWg 2085120478 noni t ored, and wherei n an ul trasoni €CEABRLY/0238R4 | ed
during the bonding of step (4) is turWed off upon the bonding tool reaching
a predeterm ned zposition after a predetermned tinme delay. 39. The nethod
of claim38 wherein the predeterm ned z-position is selected relative to a
ref erence z- position t he reference z-position being a snoothing hei ght of
t he bondi nﬁ 530 during s gg_é The met hod of Cl:l?eé m 38 whereln t he

pr edet er mitHB G2 Le¢! iae %t 'I"@Eh"'é’?)e afierdmpeet dormationdiebveen (P88 ti on,
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and the engde %na.hgok e@stm) Rf relideR) urfi‘)rﬁq:hé%))na h&t&@@%’iﬁd’@fppémmﬁ@e Ahe

met hod of claim 17 wherein during step ( position of the bonding tool
i s nonit or@8t%8nd wherein an ul trasonic ener gy level applied during the
bondi ng of step (4) is reduced upon the bonding tool reaching a

predet er mi ned zposi t430n. TA3.methed BEtIBpG 42fwhetan Iﬁhefl&ltﬁHe&rmeieﬁentglveewl ig asoni c

energy ey Y, t %.upon_t.he bond t.ool _rea h| ng a
pr edet erm%](jed:ea |Efoa§|LII gRB/ ﬂporﬁﬁgsbr?ggwgamg[freéa;fhén?nafﬁe(#/ﬁ%gr 'inﬁdﬂPéJS%
predeterm ned z-position is selected relative to a reference z-position,
the reference z-posi4t on Theimeihed shelainh#Agvherdig e predetesminaddd-pesitieols

during st eplet@Y refiBive R"S r@@FéHEQ 2980sftlol PAreraiBREL)-Bodiin BERE S ShodthRg
z-posi tion It?i‘itﬂgte(:te relative to a reference z-position, the reference

z-posi ti ofe henPqnging ter! Jwing $t#BAReAt whi ch ul trasonic energy is turned

on during step (4). 46. The nmethod of claim 42 wherein the predeterm ned
z-position is sel ecddd r@hatmeathod of caine#2meresn theppredetedminddhe posti@r isnce
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of wire, ®Asitiopyt whechddﬁamq &rergy) ffpturned on during step (4).

46. The method of claim 42 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a position of
the bonding tool a predetermined time after impact deformation between (1) the
bonding tool and the end of the length of wire, and (2) the conductive bump.

47. The method of claim 17 wherein during step (4) a z-position of
the bonding tool is monitored, and wherein an ultrasonic energy level applied during
the bonding of step (4) is reduced upon the bonding tool reaching a predetermined z-

position after a predetermined time delay.

48. The method of claim 47 wherein the ultrasonic energy level is
reduced by at least 50% upon the bonding tool reaching a predetermined z-position.

48. The method of claim 47 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a smoothing
height of the bonding tool during step (e).

49. The method of claim 47 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being an initial z-
position at which ultrasonic energy is turned on during step (4).



47. The nethod of claim 17 wherein during step (4) a z-position of the
bondi ng tool is nonitored, and wherein an ultrasonic energy |evel applied
duri ng t hwohordizagg3of step (4) is reduced upon the bondipng/useal/oessachi ng a
predeterm ned zposition after a predeternm ned tine delay. 48. The method of
claim47 wherein the ultrasonic energy level is reduced by at |east 50%
upon the bondi ng tool reaching a predeterm ned z-position. 48. The nethod
of claim47 wherein the predeterm ned z-position is selected relative to a
reference z-positio th i i ht of
the bondi ng t ool durnsl ng glih{ae%%{ %H%ﬁ@% #% Me?ﬁogﬁéEgeq%t&gﬁﬁé#%\ﬁ%g?'gﬁ\%t he

pr edet er imi y¢éasted @dﬁél%t@@ rﬁﬁergrmee?cp@ﬂthmltm reference z-positien det'w & perident ofon,

the refer edn@q;o;smmg%suao&eegaenal@a tlnﬁ'é sftal mzp%etsaéfbﬂﬂa@an Mé‘tbv%@n ?%&fgf‘; Ct e

energy is turned on during F &¥@ he neth laim 4

pr edet er mi MEGING-t98LING s q”§ °§é langeh ?fe‘i‘"é%rlw 2 t'ée F%FBYR:E“'?%O& tion,
the reference z-position being a position of the bonding tool a
predeterm ned tine after inpact deformation between (1) the bonding tool
and the end of the length of wire, and (2) the conductive bunp.



