- 1 - BONDING WRE CLEANING UNIT WTH A CHAMBER AND
AN ENERGY SOURCE AND METHOD OF W RE BONDI NG USI NG
SUCH CLEANI NG UNI T CROSS- REFERENCE OF RELATED

APPLI CATI ON [ 0001] This application clainms the benefit
of U S. Patent ApplicationiNo. 11/096, 140, filed

March 31, ne e CRRLERE Tnet withh GN c@vBER
I ncor porated per %&N:EXGYI elSeNGE - mithbh BOF THE

I NVENTION [ O present 1nvention relates to a
system for CFPRENMPRGEEE FFHE fFTe SHFoY° 8 bond

i nterconnection and, nore particularly, to a system
for integrally cleaning the fine wire just prior to

the wire bondjng. o RETArEY apbiieavone bonded
i nt erconnec?’fabc%% RE%%E & ND OF THE | NVENTI ON
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b Ieﬁd'ust ries, Inc., the sane assignee as the present
- PY T¥EAYS on, and enabl e conpletion of wire

i nt erconnections at hi }gh speed. Tglpi cally, the fine
wire used to nmakdElERAF THESNYSNHEE i ons is not

cleaned as part of the bonding process, and as such,
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uce C ool . For exa Iet .

cleb@optisefindwirsiust ager toithe Hire ORGP TS o BT 8 (F M7

bohdtR ih&AhntQicREsuUr e that the fine wire does not stick
to itself and, thus, does not break during -

unspool | ng, _cont 3Lpakiioidk ieyRakmdRnds andor

t he wedge bonds occur and may reduce bond
strengths due at least in part to this |ub

I cant -
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enabie eofnpietjue nt wire tarsernestionsrf/ eh sragdn i THBICHRY: thgdine wire
USS@PA lfnla% ¥uch interconnections is not cleanad as part of the bonding process,
and as such, contéminants on the surface of the wire may degrade the bond
strength of 7the ball bonds and/or wedge bonds produced by the bonding tool. For
example, because the surface of the fine wire is coated with a lubricant to ensure
that the fine wire does not stick to itself and, thus, does not break during
unspooling, contamination in the bail bonds and/or the wedge bonds may occur
and may reduce bond strengths due at least in part to this ubricant. Moreover, -
because the contamination (e.g., the lubricant) passes through a capillary of the
wire banding tool of the wire bonder, a portion of the contamination may
contaminate the capiliary causing more frequent replacement and/or cleaning of

the capillary.

[co04] Semiconductor devices {e.g., discrete devices such as dies and
chips, VLSI devices, etc.) are becoming more ‘dense and are employing a greater
number of lead out pads (i.e., electrodes of the VLSI devices) that must be wire
borided to lead connections on carriers or packages, That is the wira bonding
‘includes ball bonding of the fine wire to the lead out pad of the semiconductor



(0004) Sem conductor devices (e.g., discrete devices

such as dies and chips, VLSl devices, etc.) are

becom ng nore dense and are enploying a greater

nunber of |ead out pads (i.e., electrodes of the VLSI

devi ces) that nust be wire bonded to | ead connections

on carriers or packages. That is the wire bondi ng

i ncludes ball bonding of the fine wire to the |ead
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[nyentio t here rqv re cleani tem .
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coNthRatONhT Qi Bshdk0 be wi rebonded, the wire cl eaning

system i ncl udes a chanber, positioned between a wire

spool location on the wire bondi ng machi ne and a

bondi ng tool of ¢hewike depdensvidenbae. through

which a wire configured to be w rebonded extends
prior to the MAre bei ng wi rebonded; and an energy
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chamber prior to the wire being wirebonded.

[0008] According to another aspect of the present invention, there is provided a
wire bonding machine comprising a wire bonding tool conﬁgured to receive a wire to be
bonded to a location; and a wire cleaning system for cleaning the wire prior to the wire
being bonded to the location, the wire cleaning system includes: (1) a chamber through

which the wire extends prior to the wire being



bonded to the |ocation, the chanber being positioned

between a wire spool |ocation on the wire bonding

machi ne and the wire bonding tool, and (2) an energy

source for renoving contam nation fromthe wire in

t he chanber prior to the wire being bonded to the

| ocati on. [0009] Accordi ng ?o yet anot her aspect of

the present invention, therd is provided a nethod of
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substrate using a contam nation renpval system
. integrated with a wire bonding machine, the
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contromidating frove thei wise baondedanding theoniaribeveen Tﬁﬁ&m&ff“‘*tlﬂfepd of the
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W t hout departing fromthe invention. [0011]It is
enphasi zed that, according to common practice, the
various features of the drawings are not to scale. On
the contrary, the dinmensions of the various features
are arbitrarily expanded or reduced for clarity.
Included in the drawings are the foll owi ng figures:
Fig. 1 is a schematic viewillustrating a supply
‘mechani sm of a wire bonder 100 according to an
exenpl ary enbodi nent of the present invention;
Fig. 2 is a partial top plan view of a sem conduct or
die 200 and substrate 210 that may be bonded by wire
bonder 100 in accordance with an exenpl ary enbodi nent
of the present invention; Fig. 3is a
schemati c V|eM/|IIustrat|ng a conpensatlon unit 190
in accordance with an exenplary enbodi nent of the -
present invention,



Fig. 4 is a schematic view illustrating another
conpensation unit 195 in accordance with an exenpl ary
enbodi ment of the present invention;

Fig. 5is a schematic view illustrating a. cleaning
unit 300 in accordance witB-an exenpl ary enbodi nent

of the present invention; Fig. 6 is a

schematic view illustrating another cleaning unit 400 :
in accordance with an exe A mqhm,cmdmdewce and
pr emﬂmgﬁ%mr,e&q-.tween ’cﬁe céWJu@flye Fig. 71s a _

thegg d padb@Weisubststte.at i ng yet another cleaning unit
I'n accordance with an-exenpl ary enbodi nent of the

present mventgag DESCRIPTION OF THEFIRAWIBIGSs a
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agéordance with an exemplary embodtment of the present invention;

Fig.5isa schematic view il!ustrating a cleaning unit 300 in acccrdapce ‘

with an exemplary embodiment of the present invention;

Fig. 6 is a schematic view illustrating another cleaning unit 400 in

accdrdaﬁce with an exemplary embodiment of the present invention;

Fig.7isa schematic view iiius’crating yet another cleaning unit 500 in

accordance with an exemplary embodiment of the present invention;

Fig. 8is a schernattc view lllustratmg yet another cleaning unit 600 in

accordance with an axemplary embodiment of the present invention; and



[ 00151As used herein, the termsubstrate refers to
any structure to which a sem conductor device is wire
bonded, including but not limted to printed circuit
boards, |eadframes, cards, etc. [0016] As used herein
the term seni conductor devfée refers to any of a
nunber of devices including sem conductor dies,

sem conduct or chips, VLS| devices, integrated

circuit . . _ _ .
wire b Oﬁrgégti_{% s%h%g]-%g@mémpﬁih%tﬁ@\&e@ endthéenetathd enib20o in

; strate. [0017] As . used. herei
accorépnaecwiivian @*W*%@WWE?%“RO% tié%?/]eé%rﬁt’%vge ti{ﬁﬁ'c Ie Iu 3 i nzg e
contacts integrated as part of a sem conductor device
or a substr abeTAREMTESIREFMMDNER BiHBWVENIION 0018] As
used herein, the termenergy source refers to any

roge sy oY aﬁbé!ée_cﬁgéfxr&aﬁlﬁe%aﬁls%s@séﬁmaeeamas.am nant s
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[0QARTr avi disatsed hgein: Eirafy ?gﬁmg%',g 'saﬁge%gg%Fi'%@rréarctj%gtn?@tmcmre
endiiel QY ofRMNESthat is Used i OBTBLRrgwiIt ap sneroy SRR ENE a wire. The
s M
borpieg et may i shch § CIEDPE: gTheXNREIRg’ BaY eFleetd Sty gnclose
eh el Blch PSR kGRNEH Sehaliter 30 theatdmbabeay e&ny structure used
"in connection with the energy source to remove contamination from the wire, for
exampile, a structure to refiect light from an gltraviolet light energy source towards a
wire, a structure to facilitate plasma discharge from a plasma discharge energy source,
and/or a structure to facilitate plasma jet discharge from-a plasma jet energy source,

among others.

[0014} As used herein, the terms “contaminant” and “contamination” are
intended to refer to any undesirable substance present on @ bonding wire. For
example, such contaminants include lubricants, organic'contaminants, inorganic

contarninants, oxides, etc.

[0015] As used herein, the term substrate refers to any structure to which a
 semiconductor device is wirg bonded, including but not limited to printed circuit boards,

leadframes, cards, eic.

[0016] As used herein, the term semiconductor device refers to any of a number
of devices including semicenductor dies, semiconductor chips, VLSI devices, integrated
circuits, etc., and any other device intended to be wire bonded to a substrate.

[O0L7] As used herein, the term conductive pad refers to any contact including
contacts integrated as part of a semiconductor device or a substrate fo which a wire is
bonded.

[oo18] As used herein, the term energy source refers to any energy source that
may be used remove contaminants from a wire, Exempiary energy sources disciosed
herein inciude a plasma discharge energy source, an ultraviolet light energy source,

and a plasma jet energy source.



210 that may be bonded by w re bonder 100. [0021] As
shown in Figs. 1 and 2, wire bonder 100 nay be
adapted to accept a renovable spool 110 of bondi ng
wire 120, and may. i nclude a diverter 130, an air
gui de 140, a cleaning unit5(-e.g., one or nore of

cl eaning units 300, 400, 5001 600 or 700), a

tensioner 160, a wire clanmp 170, an electric flane
of f (EFO device (not
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1, a particular configuration is shown,
is contenpl ated that any nunber of other
configurations having a bonding supply nmechanismwth
sone or all of bonding supply conponents (i.e.,

di verter 130, air guide *4D; cleaning unit 300, 400,
500, 600 or 700, conpensation unit 190 or 195,

t ensi oner 160, rel easable cl arrp 170 and wire bonding
tool 180) may be
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at a reduced pressure in a
rahgage of about 100 ntorr to about one atnosphere.

By
reduci ng pressure in chanber 420 bel ow about one
ﬁiﬁ@ﬁpher\ﬁlre geaah@lthio A00may |pd:ia£i¥:‘rmmagnlmﬁal@pé'@vr@g at least first,

ST SRRt g R i o
. through first and second openings 430 and 40, and third openmg 450 may be an lnlet
port to pass process gas into chamber 420. Wire cleaning unit 400 may further include
one or more electrodes 410 that partially or entirely circumferentially surround bonding
wire 120 and may be configured with or without bonding wire 120 to generate a
plasma discharge in chamber 420 according to potential applied to the plurality of
glactrodes 410 or the one or more electrodes 410 and bonding wire 120. That is, one
electrode 410 may partially or entirely circumferentially surround bonding wire 120 and
may be configured with bonding wire 120 to generate a plasma discharge in chamber
420 according to potential applied between one electrode 410 and bonding wire 120.
Moreover, plural electrodes 410 may gach partially circumferentially surround bopding
wire 120 and may be configured with bonding wire 120 to generate a plasma discharge
in chamber 420, according to a potential applied between plural electrodes 410 and



- 13 - occurs at correspondingly | ower voltages.

Chanber 420 may be coupled by the first opening 430,

t he second openi ng 440 and/or the separate outl et

port 460 to a vacuum generator 470 (e.g., a vacuum

punp or a venture to reducg the pressure in chanber

420 to | ess than about one atnosphere. The vacuum

generator 470 in conjunction with gas entering at

openi ngs 430, 440 and optional opening 450 woul d -
borifigalabd 510, aurtru) plute BlerpesSHGmeay Rck IparHAlY CIogigrenyially

val bel ow. t JTRSHAARFA. to hAnatitha piasma discharge
surgwﬁggfbpé?ﬁ ?V!r?flgﬁsa“gﬁ‘g%y?&t hat al hgogigg bg{&% g,mra} electrodes
withdut betding Wegéﬁ_acwéqnﬁgtoap%qﬁ?ﬁﬁia 'ERd 440 0
214 Jtﬂlné’ﬂ.%, LAl ﬁgs‘y,g icR@nsige ecgdrmnatied av thewisnitygR{PoRdpS gare

entering these openi ngs. [0058] Moreover, a potenti al

of the plasma el ect tAd Qedgheti BRashRNGbagniiyelidadociates
100231 be COEE ST ptagtgg% tr_olgean | nterval . Qﬁéiﬁ% #8 120
(1.é.né@Emintighyokrtdves)roasRingia Fiam e SUraeR S BRS BT 17

I s ..cont &0 4hadizid.he potential of the plasma
aoigri B SRR 5o

0O and the bonding wire 120 nay be
controlled in di'ffertﬁ

i i hlidepbasiBmber 420 with

[08F3Lhar gene ShEorhe'5t oenJresggPirg si?é %ﬁr@gxgcﬁ)l borl dQ‘} wire 120
o Poli@urhined sEsbetmges soREOrCBAL HRATRHT & 'acS ot 'j@q}e@t ‘

bond _i nt er.co [ d thOQP8] Gy pradese paasdienyed am pressure
gk esép%g%gﬂg%“tgf 3155 By SURRL YGBblES Balshiger the
of tr prnessEBEe P BXENR'Y BRAVF the plurality of
pF hREhiREe§apd 10, or one or nore el ectrodes 410 and

onding wre 120, surfaces of one or nore el ectrodes

rahe T8y Lacl 4 & bk Ciof @rdrhpigs) 8iv, mpas comprising helium,
90581 riLrgggPodc%sgbé‘é;% ¥ bk Crol

arrier discharge. - 8 Relium,
niobgérh @ranmeangy orrbeeR IRl e g‘é,’gﬁ%&%ﬁ@ygﬂ%& g%aer_’l ' ia r@ﬁ; de/::m
af /Erl BiEbEare of Wnfage raxatrengmpfieios Oy FPe! '“73"8%_@ Wre
schematic views illustrating other wire cleaning

"¥RPP% 500 and 600 that may be used in wire bonder

100. [O0O61l] Referring to Fi 7. W C i DE5 Wahdrated by th
(400, L 0OGLL et 0G0 B Fapd S F S8 08 e o
pggﬁm?ageItwsahm?esafxygfremvg@@;ﬁh@swﬁg bOf‘i";g ":'a:; " -
alternating _curr : RaRE RIudPigesreasio kgn inan
ajgofr Préal’l%B&aﬁﬁoc\?ﬁpa%g%%g'gﬁkﬁzn, nsnd Zﬁfﬁ&i&(%&%g@&{@& 3
oRBYppt Sondiey wireare reangied WITHtheRse ve

OF m Crowa .
frequency Langes (nd:GRewhhtedeleartminagds (i.8QONAggntaining, for
SPRY LPG% a gﬁan‘oer 520 havi.n bt e acondised ¢
B s o
.ré@'b@e 3281mRYormesuthcootthe fionding atg 1280 dhis %ﬁféfﬁ%ﬁ‘g - Z o f
ﬁﬁ‘@geraqr} gogt}g’gligf QOEJM grirgpﬁw@' #6cda5 Qad By haiogen inixedtwith any o

ocess” gas 1 nto chanber 520. ..\ inants such
b Mieigm Eniifor SOTOaRI O APPHRFUTHE LS S"‘“SP’“J‘%F‘?FWS‘?" e
el ectr. 1Q.circunferentially surroundi ng bondi ng
?ﬁ?rgarfﬂggoqg%@%%gnfi gured with bonding wire 120 to

generate plasma djschar. d %;‘é@é‘@%ﬁué ra e irérgoving the
[ap58dt ent i%a?bﬁbﬁéﬁwyt'ggﬁ%egs urality g% gl ectrodes . iier
510.@Andbey, alnoudjtnystandeserond openings 430°and 440 may seTVe &5 LS

ports for removing the process gases from chamber 420,

7[0057] Chamber 420 may be configured to operate at a reduced pressure in a
range of about 100 mtorr to about one atmosphere. By reduding pressure in chamber
420 below about one atmosphere, generation of a plasma is enabled at lower voltages.

That is, as the pressure in chamber 420 is reduced, the onset of plasma discharge
! b -



- 14 - [0063] The energy inparted by generated plasma
505 substantially disassociates (i.e., substantially
renoves) contam nation fromthe surface of bonding
wire 120. [006430ne or nore el ectrodes 510 may be
arranged either inside or4autside of chanmber 520 with
a predeterm ned gap between the one or nore
el ectrodes 510 -and bonding wire 120. [0065] The
process gas may be i) air, ii) as co

occhielait gonrespobdioglgowearriglagesn d?héfanRgﬁ% HaYiqs SDUB‘EE Ry the first

opemrﬁtﬁbetk%%@@&\o%ﬁ&ur@%%g/ﬂdﬁ the Bpanaticl catietperh 46 &0 @ vacuum
generatpif 7 Q?cfhp; ,@gq; o cﬂ)%s gb@%gnt%i%??%%ﬂte He r\é)asu‘?e chamber

ation wth ane
420%0 188 @Ba®bbdieldnamrmasiiers. A \GCUVNGeHBERR" 47§08 6pEBRCtion

pisasrauidvtatilish an
wntﬁ ﬁg? a‘&ggfq%%o@ fndd 4392:44595%‘ Mlo%ircﬁ?enﬁhg
equlibreioppessied jgis,hamﬁe@ el a{,\; ?f@lue &ﬁ%ﬁv&ab%% aénl?oespﬁ&epeiﬁ such

O renovi n
an BHr38Hfent ANk %f@aﬂé}f&%lthdlfgh i teaittisieates gamledriien ﬁ@enmgs 430 and

| 449 QM%geq?\h?s{l]rtwagrgg gérgw%)ﬁ %BS q‘nﬁ%déﬂ%gnﬂ& fh%s@ﬁ&nings

I ncl udes oxygen
second pl asma chanber (not shown) inc

[ooBgLci ngigasvei 2 @otegHal of g1t @pwﬁsiectfrgﬁje glgaq% the bonding wire
125¥:¢J %ed%)rﬁgﬁédotro @nﬁ'@m iﬂﬁrlraﬂ Iand,for lapdntegsity q:f‘ﬁheg plasr;a
nitrogen sed to r in
discharoe %\aep@@}begﬁéﬂ i cgnts?xg e a PEHeﬂﬁntcérﬁg.trl Qi:': ifgt llb@& el
elé?:&@@eﬁ;mml draythb dndding wive 180 mayvebqraseded Jid FPSeriods to

cogﬁéa ‘{]}'é‘g%ﬁ) WL ma&Mel‘ger@BﬂqBr e*ﬁh;t!ﬂmoauﬂd\lv@mr testing such

ve surface oxjdes and ot her
asmommmvﬁeﬁim of tiebend IBFRIANEC O8Nt ami nants. [ 0067] The
“chanber may include a separate outlet port 560 for
[00889Vi NgFéhearepratigssrpasdestriatisHough oty I N FUBRKBAd
a"}egr}?ﬁ\?? garr?% éao‘ct‘g%lla@f]tg JrBYr ﬁ?é' M@raﬁﬁf 51“@9&!%13@@1@@7‘&3“@ or more

rocess gases from_chanb

expc(n)o@eeetmmmmn@zowwa PR X BgeFtar?des Fognay

snEIEQéJ&@QctPiE %é&w& soltha di@,étgﬂc birriabdisthat@®may eceurt ghat is, each
one at nobs

r t
oftthe opf @%E’Bfeee'?ﬁp‘f %&R er ?g cﬁé?&&ggguﬁéi%g%h%ﬁg&torr
and about one atnosphere. By red

uci ng. i .
[maurber 5RB. Behd\® m@cwmew%“%é@g@ﬁ G5y cigpning units
d&af?ﬁé?'b%%s@& il REBoMRKtiages. That is, as the
ressure I'n chanber 520 is reduced, the onset of

| asma di schar rs. at
[0R4lages. ! Re@g{gﬁaé? %@2 g ciﬁgn%«%ﬁlsf PQgg 'n%lf i?érést)?i’ﬂglired to generate
B tvepen blage GG skentiodes SEpRY a7 ¢ STRFBY T Sectric

60 to a vaciu ZQbb8: Y kriz,Bandanidhl ACaLETharge may
dlic'??é%? By ’%t érgeagﬁg‘gje?%‘ggboﬁesgure i nzchanbgr 520 to
alseds, inhalqﬁl‘amieum thpEadig %@Eﬁ@’i’aé’e R FURT Gener at or

570 in conjunction with gas entering at openi ngs 530
[5692]5”1d ORtrk @Rahing e 509 mBlinclude a chamber 520 hav:ng at least first,

second and third openings 530, 540 and 550 such that bonding wire 120 may pass
through first and second openings 530 and 540, and third opening 550 may be an inlet
port to pass process gas into chamber 520. Wire cleaning unit 500 may further include

plurality of eiectrodes 510 circumferentially surrounding bonding wire 120 and
conﬁgured with bonding wire 120 to generate piasma dzscharges in chamber 520
according to potentials applied to the plurality of electrodes 510 and/or bonding wire
120.



- 15 - would establish an equilibriumpressure in
chanber 520 at a val ue bel ow about one atnosphere. In
such an enbodinent, it is clear that although Fig. 7
illustrates gas | eaving openlngs 530 and 540
(iltustrated using dlrectlgg arrows), gas may be
entering these openi ngs 69] Moreover, a potentia
of the electrodes 510 and the bonding wire 120 may be
controlled to control an interval and/or an intensity
[0063] he phaserergl swieaed dyigenetrerhelpsB2 805 pybsiantially
l Rlatibi Grof tBE lshgeRsor HbAding
disé %E?EE% (gohg?%ﬁé{vaapg%l@%;eﬁgg/&%émcont rolled in
wingi¥20er ent periods to control plasnma discharge and in
ot her periods, for exanple, to allow for testing such
ggsq,}:ont | Dbié biy mbes tlecgpdet Sthendobrdaniranged ciherdasiiie asoutside of
! r t £ BRKGSIes 510 and
chéaﬁee o R e ke o e e e ™
bohding harepli2r al ity of el ectrodes 510, surfaces of one
or nore el ectrodes 510 may include dielectric
[odesyi ngsTﬁ@chﬁé&s giiseh@,cmar i) @irpay a |ges cathrtdirey hgdiurpapitrogen,
a,—moccau,{%v-r%%tggé ) d?e gi(a: tquEtE%GrB:J{H{n enoifw cSJnSﬁleIS’rdﬁ&h one or

Fc s a Ing. Furt
mebanbelurs20gomgndier fm;nom drieng aaﬁfﬂéqt@@t@mﬂﬂﬁﬂ awrgpen in

cog{ﬂ%attigﬁ mﬂhlﬁ'nﬁldrtﬁ(orgfof gLtk I PE8Salr ABYgEE arranged

an outside surface of chanber 520
C|rcunferent|all sSurro er 7.
[o968dal i t § °‘E)‘F°p§F"eg‘i HHE'S" é”?: %‘bm% sﬁ‘ga% é@&s&‘lz H% oxygsn

mapaxitiizé tkﬁgﬁr&t@ Uﬂmetdmepmﬂrsqoplger@‘ﬁot hamdieq wgg,omy Iso removing
or ?er? g%%rngenmﬁggér ak %orﬁ'a%\ﬁ[éﬂtszmagémglérga&w SbhBEhiAdhts on copper

g curren tential  to Corresags(fg CP&E A
baging wife arierfgmerehwih @iaéﬁlﬁrﬁ?e?déa‘s'f?}” FPYAPY TSR plas
crapiRE @x%t%&\ﬁn)]qaguﬂ‘!ﬂy afreaueney g (i.eobneaconedigiog rocexample,

cilrcult wt corres [
hydreqan PYey %Wb'ﬁtloﬂocﬁ g‘ﬁgmﬁ oFr'llggé er{) rﬂ% ﬁ?g%%?cg des v®
omma,hqmnucad trhiheaiempbab3L. eﬁb@ arefesablethat fat foRpeier Gepper alloy
bondg'ivc} \éiréaq}{e BH‘E@% g beSRldfoddh: RhEE WMadas oﬁatsgoh,enehum and/ar

d to"generate. s te sets of p
mp@gw}oareewefﬁtsgrfm Weérﬂ@%@&ah%‘%?“fa@ P?{‘e %n% ‘ﬁggﬁé
coi@wmahia. Figs. 7 and 8 are om t_ted for brevity.

Referring to Fig. 8 wre cleaning unit 600 nay

[e;lkgﬁrger 'fh%'éﬁ shbdr FnlégtnIineeé 8ot ek orxsseal Rgnoving the

a dlrec I on substanti al l 1 el an_axis
pofetsaREnGIthpYEh TTS0M R AR SBUTIEAS COTENATg N Tav g Spthe outlet
&’t'%l- feh@bin tﬁ@ﬁﬂfcbésygdsés &b:ﬁ-;ecﬂ'iaarﬂ:uengzmur rent generated
pl asma di scharge conducts through further

E&a&ﬁ;?d:@gh‘ Eeietﬂ_ ) at@éﬁ“iﬁglﬂ[erd%ﬂto Ellagél‘@t 4 FHdQék-Qibressure ina

hrou
ravigeef BRO4L IPHi staraip Fhogtiere F@RIselEPe A é’ﬁg P E"{ﬁfJ <ifibodiment, the

p-:lgggjerl gtV &Rkl id &th@erﬁétﬁﬁlﬂ@d tafthntiayoutathecemosphere. By

red;%%?%gfe&%lﬁ e@%grn gﬁ%&%\@ ong ggrﬂgsa@lgraeh g@ﬁeréﬁ?&r 0f7a Oplése?na is
eﬁa:ﬂecbet paef rgtages. Tostgerrerthe oresseredn cm@erpﬁzaswdu@qu the
oa§er5£ go tp?asm%r}ﬁs ﬁgta"%w:@urgla@%%dp‘éﬁdlqﬁw&é‘é voikoday calatiber 520

e e SR LI o
S6Btto GaMLGfN rg@ﬁé’éﬁortmo dede\d caunhi mhnmpood ueesriatopledsigehe
acethatde Lher €10, A0d dLf e60s die RLARER. ORNERLG diersor

part rection (i.
H?O\Aﬁtdmbmmnwgtmgaseenx@mg at@@ﬁmna$ P30, HRENHIOREARE PEenf“g 350

directed by blowing the plasma in the particul ar
direction.



[0074] The plasma jets 705 nmay be either continuous or
pul sed. By using one or nore plasma jet devices 710
that provide pul sed plasm jets 705 to bonding wire

120, conductivity test neasurenents and ot her
measurenents of bonding wirg 120 may be conduct ed

when, for exanple, the plasma jet pul ses are not

i mpi ngi ng on bonding wire 120. Thus, these

nmeasurenents may be conducted. durlng peri ods when

woidd ssablisbantenuilipiamguessure in-aipmbeioPA’ #e? Pplug pglow about one

atq{t}?.;‘:me"i‘é ISsdch ah /WSRO, Rubabathattditibugh | |Fi'§ yatigfrates gas
Wre cl eanln uni

e i e anp s s A G Bre R, BER ey be
erk&bhg sk ggen®gtl onal third opening 740, such that
bondlng wire 120 may pass through first and second

' ”92 rp{o%%vép% ot g fh été’ctn%@i”sﬂgaﬁé%é%dﬂ%v\\?t% 120

gass process gas i nt nger 750
mey éaﬁwtganam corGe! ﬁrayntemat RRA/OT ik @RSy 96 Haft PlappR discharge in

ctrgthﬁ»gﬁazm it :Q@Ht@mgla?el&haea@tpqam}al ofatie aticacdat 51®and the
ondal
o aE i 29 B B e alsh T P PR ko R flarib Bistnare

anccia peistripesods, A rexamete, deail@efoneﬁtmg sugi peepetinuiy tepting of the

ry ding wire 120 to generate a plasm
bﬁ%'hﬁ%%ﬂgdﬁgﬁonding wire 120. [0075]The ener gy

db h
1 ot 178 Pleror LSS Flo f RanirSe SpAPaNe By Fypoving

alk@nEtRSurresncaah iz tcotefpiwalityhé ekorbdases 10 shidards wfjone or more
eigg:tl:o%eg' %QC} T%K/Qr?c%?cﬁa %@tﬁcﬁ’ﬁ %Qaﬂnfbs%@%‘at%eté&ﬁc @laﬁ'mgcﬁérge may

| alr,
ogohy. Bhajds eé@hm‘rﬁhglpﬂ‘rgamqu GtﬁCt"ﬂqi%Sr%Qéﬁav 5@\@9@ i prig;subface
cERANG E Rurthdrl thatniSRS20TntEUBE FROEP flof A gieRXyrgematarbshd the

on _and/.or  ni
pW{a}t%&eel%rﬁBﬁ %%hataﬁ)hg rag:éagﬁeén ai;c);gg ah oﬁ% CL :)rur%cg P chamber 520
cignudifenrentiallyrsoyenndii ehamirrés®. gas is provided to the
plasma jet devices 710 via Inlet openings 760.

[di@i)ﬂ}ﬁ] Fo r'rh@q;msﬁty@t eReRb@ss sid ayy bopetipey asi specedodmsintings

st ik P B B g aeHAR SR BN R AP aviiyn
anrfjembngomeat{ Adrmasenti toc oorresRPRMing sets Af rltmnshyned electrodes

596,98 CORtRNEREWife PFb FAPRSHN 8hak AP RA leldttd@Y circuit with a
Wre are renoved Wthé%aﬁgﬁ that .inclu e

c%”azfgﬁget‘fﬂgm%s%@é BRErSpRRRRISTEFRATH. oMY °t‘%8t iejggirodes
isBshb@fl U tHaGexgapialre egibpdiamet (ﬂtmntranennm Big. ¥ @ny ewarel ef sets of
[ d | Q
R S SO ol BEEREBgs.
chanber 750. - 17 - [0077]1t i's preferable that for
[e@ppler orElebppewhigh 359 BEWATY tie PELOFIRIETH RS Fg%%s 7and 8
aREorAitidt ¥brrevie Itéfétl’rmg&ﬁ Fig samgerctleahneb iugalin E00Ckhay further include

t urf ce oxid,
3&5’%%%{% Hﬁ?%%@gg lngragogﬁl L ‘Con = na?{i‘.gﬁy parallel to an axis of
bpdaBEhdrbend Eaiacamytoumotimd avirg IWOpREathat suvRistitpefalternating

an%]t heda tﬂgsrhg‘ @1591’1595@ %%ﬂﬁé@%rou@h tﬂh‘:@h@biédtfo%& 610. That

econ eni n serve as
is@@ptc@nﬁat‘rﬂq%mqgg fpﬁgerpqi%g@g Gdgs%@ef 5 tgwgénpndmg wire
1Z§OThtsQ&hK/9|]e@“n@rs’@§ttstn785@emm ds@osding iviraried tb Geafenad end may

ressure. 1n a ran about 100 ntorr

r‘?‘{ﬁ‘cﬁﬁ[?ﬁ‘tr‘c%'r@ s%tg[%%q;%cil B8 uc?{ng pressure in

chanmber 750 bel ow about one at nosphere, generation of

a plasma is enabled at | ower voltages. That is, as
~the pressure in the chanber is reduced, the onset of

pl asma di scharge occurs at correspondi ngly | ower

vol tages. Chanber 750 may be coupl ed by first opening

720, second opening 730 and/or separate outlet port

760 to a vacuum generator 770 (e.g., a vacuum punp or

a venturi) to reduce the pressure in chanber 750 to

| ess than about one atnDsphere ~That is, vacuum




[ 0080] One or nore plasma jet devices 710 may be

arranged i nside of chanber 750 with a predeterm ned

gap between each of the one or nore plasna jet

devi ces 710 and bonding wire 120. [0081] Al t hough two

pl asma jet devices 710 areyjghown in the exenplary

enbodi nent illustrated in Fig. 9, any nunber of

spaced apart plasma jet devices may be provided It

is preferred that all portions of the circu g ‘e
gomfspondumemngeof@@gbyir@lpheéemwné%ﬁ%m Reen %‘-‘r F & A

ong PIQ IAREN !ESﬁE? ﬁetg hes Prloﬁ%ma dretho@deNdset JZﬂ.ﬂewidQ(J’&B]Wmher direct
eani n

ens and teghni | r
curago Rl @ apr e RS TG By ar s o o flerein a
iafsQ{an@f G endfcngtcopaaats wnish pregivesssepibemal disgnarge therem and
dif@;éig,ri}%% IBlggrg lgieg%lsﬁg bﬁhgﬁlag&amhd‘éém g pb&lcufaeﬁlrection (i.e.,

systens an

towyrsttensing WOGaBI0M ﬁwgrgﬁy,tth@ Pﬁ\sﬁéﬁf“r‘?‘ﬁg‘?ﬁem p‘8\lﬁ’r}’l% Jge plasma in
thggﬁgm$§§&&kﬁgﬂ primarily in relation to bonding wires

sem conductor die and a leadfranme, it is

not limted thereto 1€ e d
(B3R, LS G SR cHSELL B . o g on
or Gt pRBNEORE dguresd 10 shiferovide BoRRaE? Sty /Of to,ponding wire
2&? gé)rgc{l#:ﬁv Qfﬁlﬁ%ﬁénents and gthe[r @f%%ét]dréinbhﬁug lbobding wire 120

i on has been descri y,

mmebat:pr@mzcteg, UP@WH@‘%‘PPE%&HE P n\ﬁnjee’c Lﬁ)sefrg\% helﬁ: m‘Jpﬂ’tgmg on
bdridlHgh@itk {Rer e, tH%@é neeamphentsonebe (:tgrp@gtegfdunng periods when

conduct j ve nmat rJa obduced bstantially
ncgsﬁﬁr%raﬁbej Elina&;e 8\;"”&3 gl?(%hé Bla&ﬁg d%eﬁ‘ﬂ'éé‘ﬁxs e‘%cc?_? or slu st j.::;and 7-
elﬁlhlaatedomremahamedingg?qgép%mﬁhupﬁpﬁhqrﬁ rjg?;“pl havi goq% &S

%&%jb r‘/&Z’D S 7RXappLe opﬁcﬁﬁdtmddl opening 786 Nsugh dbkatihending
nd| plicatio

wisg 428 ﬁ%aydﬁés taopeR gﬁg glxcgfesco é«%ﬁ# 5 72tDrl=ﬁ1dCﬁﬁaé?l|drfglrd operning

ereln are not It 700
'7J¥(I) Falyed dndniebportite ppasrgocsks [ggsﬁmlitm@')a\mqeé 780y IV\HE? q¢aping uni

WI 5§ ﬁ%rnr(%jcli 2& SHLE5ASre %ﬁnae @H'é\hées #ibgesdhgaoviogl adjacent to
tech ni ques di scl os
bomﬁum wiin BB iR scun el ﬁfgac?‘ﬁé HERTTauERe E&ﬁg@ﬂ’asma
é‘&é 65 'frhffﬁé fssp@&n@mmmet debied T ok elan@gd Bha p_(la_rhtion of honding
netion w £ qbphon. us, in
Wgﬁ ]Jgaﬁplgggeratéﬁqa \%asm% c%‘%q[‘ngr\%‘g QR AL PRE

reisto be spool ed after
i 2 TR R A5 ey
d&%&sﬁcﬁté&f(ﬁ ol shBsthftally peabiasy copemirtatiom fromgﬁyﬁgﬁqquondlng
Wiker £30n Rragess ggsa rt]l!se? in St 5B HMntOEN B4 T 1615 Bldaseshhe
plasma jets may be i) air, ii) a gas comprising helium, nitrogen, argon and/or oxygen,
i} a gas mixture comprising oxygen mixed with helium, argon and/or nitrogen, or iv) a
gas mixture comprising hydrogen mixed with helium, argon and/or nitrogen. The
process gas is provided to the plasma jet devices 710 via inlet openings 760,

[0076] For copper or copper alloy bonding wire, plasma from a plasma jet which
includes exygen may oxidize the surface of bonding wire, while also removing organic
contaminants. If contaminants including organic contaminants on CoOpper or copper
alloy bonding wire are remaoved with plasma that includes oxygen, a sacond plasma
chamber (not shown) including a reducing gas (e.q., one containing, for example,
hydrogen and/or a combination of hydrogen in nitrogen) may be used to remove
oxidation produced in chamber 750,



be used to clean a substrate including, but not

limted to, the conductive regions of a substrate

i nvolved in a wi rebonding operation (e.g., the

conductive pads on |eadfranme). Likew se, the cleaning

systens and techni ques di sglzosed herein nmay be used

.to clean a sem conductor device: (e.g., .a die, a

chip) including, but not linmted to, the conductive

regions of a such a seni conductor device involved in
[0B74 r ebo¥ids RgTespRir Abatder EuPPET OF FaRRSCHIY FOPHIDE Viigd sheorfocess
gad bé 'a%lxtdr@ Qﬁﬂﬁa\%érﬁn ﬁahﬁfn? heRdh arbet inffiilles toterhibve surface

inven n_ a and. des ed herein, it
xRy oD iR o 5 R EREREs S o) o |

provi.ded by way of exanple only. Nunerous variations,
[08R8hges GhamisartyS0i ma ingige éaﬁp@r@mmtwtpﬁm}’tﬁﬂcf@rpr@mwﬁ@ the -

préd’e%és@@ a?lﬁ‘n@@@'a ﬁ&g afiPbédohd %ﬁ)eﬁihgs rrvemd V30Mmay sedB as outlet

da t tegrat ed
Pole T TGS B ARG SRAEH RS T AR B ng i re o

configured to be wrebonded, the wire cleaning system
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[o0801 One or moare plasma jet devices 710 may be arranged inside of chamber

750 with a predetermined gap between each of the one or more plasma jet devices 710
and bonding wire 120.

[oo81] Although two plasma jet devices 710 are shown in the exemplary
embodiment illustrated in Fig. ¢, any number of spaced apart plasma jet devices may
be provided. Iiis préferred that all portions of the circumference of bonding wire 120
be directly exposed to the piasma from at ieast one plasma jet device 710.

[onsz] The cleaning systems and techniques disclosed herein are applicable to
various wire bonding operations (e.g., forward bonding operations, reverse bonding
operations) inciuding 5eing applicable to, for example, ball bonding systems and wedge
~ bonding systems.

[oo83] Although the presant invention has been described primarily in relation

" to bonding wires between a semiconductor die and a leadframe, it is not limited
thereto. The present invention is applicabie to any of a number of semiconductor
davices configured to be wirebonded to any of a number of substrates,



recontam nation of the wre. 4. The wire

cl eaning system according to claim1, wherein the

energy source is configured to renove at |east a

portion of a lubricant coating fromthe wire as the

Wi re passes through the chagber. 5. The wire

cl eaning system according to claim1, wherein the

energy source includes a |ight source adapted to em't
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departing from the scope and spirit of the invention.



10. The wire cleanin i
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4, The wire cleaning system according to claim 1, wherein the energy source

is configured to remove at least a portion of a lubricant coating from the wire as the wire

passes through the chamber.

5. The wire cleaning syStem according to claim 1, wherein the energy source
includes a light source adapted to emit ultraviolet fight to generafe ozone based on an
interaction of molecular oXygen with the emitted ultraviolet light, and the chamber
defines first and second openings such that the wire passes through the first and second

openings of the chamber, and the chamber includes a reflective material on an inside

surface thereof.

6. The wire cleaning system according to claim 5, wherein the light source is

positioned extending along a direction substantially parallel to a path of the wire through

the chamber.

7. The wire cleaning system according to claim 5, wherein the chamber is
ellipsoid shaped, the wire and the light source extending along respective axes

corresponding to foci of the ellipsoid shaped chamber.



fromthe wire as the wire noves through the chanber.
18. The wire cleaning system according to claith 16,
wherein the at least one plasma jet device includes a
- plurality of plasnma.jet devices arranged
~circunferentially around f1Hfg-wre. - 19. The wire
cl eaning system according to claim11l, wherein an

oscillation frequency of the potential applied to the
one or nore electrodes is a radio fr

ue
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contam nation fromthe wire in the chanber

prior to the wire being bon &hd BeidiMaa vitiein the chamber
21. A rre?hd’&ed‘f'reb%?ﬂf'i' t‘Q‘v'?/lsjFgcg:ot)etgtween a conductive
- 4dpds of a semi ‘conduct or device and a conductive pad of

a substrate, the nethod conprising the steps szél ng &
22 - RN iR tieand systan Rddifp y compris
BenliErerid

prior to

v@umnmmmgﬁr@rw%%elgas%wgﬁhéB;g%rﬁ%%h&@pﬂéﬁlm in the

ctive pad of
e ubfks Blf apsineneatoesprTEnat i on removal system
|ntegrated with a wire bonding nmachine, the

cont ami nat | Oﬂ} r\ﬁl@g‘ggmﬁyﬂgﬁﬁnlaﬁﬁdr&d@ ttgc!amcaawb@—pm the
posi tion

wre s | OfR bbsut\whee
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P’ﬁ&ﬁﬂo g_machine, the wire extend| ng through t he
chanber prior to being wirebonded; and _ bondi n

the wire g ep\”rg Qﬁeaﬁﬁg (:_i?g{gmv&c@aﬁg @b ckaive 8, wherein the potentlal
sem condu Hevice an

he ¢ EIh&
apphst toahe ongret Mo eleEHRass szgoqeoo cF I%H (%.IT é?l?goféfntz 3 an s
%%Fﬁ&%ahg 'cﬁlgeﬂtl'b%té{tﬂn #f thavbne ot momﬁlﬁ;gqq\ & arefagpanged inside
' ?:hamber wnth a predetermmeac Sébsl?éilw@!n tHaenk @AMbra glectrodes and the wrre

12. The wire cieanmg system according to claim 11, wherem each of the

one oOr rnore alectrodes has a dielectric suiface coating thereon.

"13, The wire cleaning system according to claim 8, wherein the chamber

| an
is rhade of a dielectric material and the one or more electrodes are arranged along

outside surface of the chamber.

14. The wire cleaning system according 1o claim 13, wherein the energy

. source comprises:

a further electrode extending along a direction parailel to an axis '
of the wire and aci;acent o the wire such that a majority of alternating current
generated by the plasma discharge conducts through the further electrode.



st ep. 23. The nethod ac [ [

. T cording to claim?21
g;;trﬁraconpr|3|ng the step of: providing a reaucing
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o contami nation of theswire after the renoving
mheP 24. The nethod according to claim?21,
| ein the renoving step includes renovi

fﬁom ffeN@td aea;ﬁm@ﬁysthm aucor@llnmi;orféalglt 1%, érg%qrgigr?g os]cilla jon
frequengmgégn%d%ggl%% gglbe%ll %ﬂé e o imorkddidcireidas E;tatlleaﬁhtabou::jS kHz.

eaning or iii) plasm
di scharge cleaning. - 23 - B b j et
- BONDI NG
e WJM@@MMBERSWN@MF@REF@%%R&EEM gper

B(]\ID
defines ,gF gegfzéh rs&ps&ﬁ)% nthﬁlescr Ths |tN§E tuuwcrrmemtbrom’fhe

first and 3%nd4£ﬁ;@nm5@mncﬁtﬂ)@ thvg@;)eplgp I%Pgér},lgtnpor?glé&git%y &Na gas

. configured to be w rebonded
ixtu _ ed is provid :
! f%éﬁi‘ﬁg;:mgt ﬁystehm \(Msoo 4oo 500, Io600l ?80) TihﬁcY“uLEs a
rou
b R

gas an%ﬁﬁ?%@g;%%e Thampir jsbovate thy wye te GERGIOE AagETowrected

al so i ncludes an ener
(1 source
towarddbevdi®t nati on fromthe wire (128{ in the Lg;n£§?DV|ng

prl or to the wire (120) being w rebon%ed. Fi ' .
17—. The wire cleaning system according to claim 1 whereilg'ear:lh of the at

least one plasma jet ‘device provides a pulsed plasma discharge to remove contammants

from the wire as the wire moves through the chamber.

18. - The wire cleaning system according to claim 16 wherein the at least one

pl_asme je’t device mcludesa piurallty of plasma ‘jet devices arranged C|rcumferentlally

around the wire.

19, The wire cleaning system accordirig to "claim 11, wherein an osciliation

freduency of the potential applied 10 the one or more eiectrodes is a radio frequency or a

microwave frequency.

20. A wire bonding machine comprising:

a wire bonding tool configured to receive a wire to be bonded to a location; and

a wire cleanlng system for cleaning the wire prior to the wire being bonded to the
ibcatlon the wire cleaning system including: (1) a chamber through which the wire
extends prior to the wire being bonded to the location, the chamber being positioned
between a wire spool location on the wire bonding machine and the wire bonding tool,
and (2) an energy source for removing contamlnatton from the wire in the chamber pnor

to the wire being bonded to the location.

21. A method of bonding ‘a wire between a conductive pad of a semiconductor

device and a conductive pad of a substrate, the method comprising the steps of:



2.

removing contamination from the wire prior to bonding the wire between the
conductive pad of the semiconductor device and the conductlve pad of the substrate
using a contamination removal system integrated with a wire bonding machine, the
contamination removal system including a chamber posmoned between a wire spool
location on the wire bonding machine and a bonding tool of the wire bonding machine,

the wire extending through the chamber prior to being wirebonded; and

bonding the wire between the conductive pad of the semiconductor device and

the conductive pad of the substrate.

22. The method according to claim 21, further comprising the step of: '

cooling the wire to compensate for heating of the wire caused by the removing

step.
23.  The method accordmg to claim 21, further comprising the step of:

providing a reducing gas in a vicinity of the wire to reduce the potential of

recontémi'nation bf the wire after the removing step.

~ -24. The method accordlng to claim 21, wherein the removing step includes
removing contamination from the wire using at least one of i) plasma discharge cleaning,

i) ultraviol.et light emissions and ozone cleaning or iii) plasma jet discharge cleaning.



