-1 BONDING WIRE CLEANING UNIT WITH A CHAMBER AND AN
ENERGY SOURCE AND METHOD OF WIRE BONDING USING SUCH
CLEANING UNIT CROSS-REFERENCE OF RELATED APPLICATION
[0001] This application claims the bepefit of U.S. Patent Application No.
11/096,140, filed March 31, 2005, thé contents of which are incorporated
herein by refe RONBEVEIETTS GEPHES VENT % The present
invention relates to?&yate TR c ARG 4 find pfior to bond

interconnection andRINBPEDFEAIEEIEHY St SYEEM FoPittegrally cleaning
the fine wire just prior to the wire bonding process to improve the wire
bonded interconnections. BACKGROUND OF THE INVENTION [0003]

Automatic wire berglgessthetsmRy cPRELEEDoHPOISATEDRhown and
described in U.S. Patent Nos. 4,266,710 and 4,239,144 assigned to
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invention, and enapie co n or wir |
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Make Such Interconnections is not cleaned
basepengrokthe bonding process, and as such, contaminants on the surface

of the wire may degrade the bond strength of the ball bonds and/or
wedge bonds produced BFtROBIHEHAY GBI B example, because the
surface of the fine wire is coated with a lubricant to ensure that the fine

[ie2g0es NahatinlederitseVieatioh talmesibes spstbre &k dla@aid M SPB ARG,
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ma reduce bond strengths at least r,

C@E%@%@E%ﬁﬁ]‘i’ﬁg oA (& % ncan%) E%é%%ﬁﬁ%ﬁ% ca;?ﬁfy

bohded intieechoriiienol of the ere bonder a portion of the contamination

may contaminate the capillary causing more frequent replacement and/or
cleaning of the capillarBA096RPSEmMEBAHGILYBRVIERS (e.g., discrete
devices such as dies and chips, VLSI devices, etc.) are becoming more
[@e0sg and areemptbyiricedgrestethauenpy-eae it adels @8 known

Llecirodaes ot the Y/ LSLaR\iees) Pl MUshhe HyIB2,144 assigned to Kulicke
and Soffa Industries, Inc., the same assignee as the present invention, and
enable completion of wire interconnections at high speed. Typically, the fine wire -
used to make such interconnections is not cleaned as part of the bonding process,
and as such, contaminants on the surface of the wire may degrade the bond
strength of the ball bonds and/or wedge bonds produced by the bonding tool. For
example, because the surface of the fine wire is coated with & lubricant to ensure
that the fine wire does not stick to itself and, thus, does not break during
unspooling, contamination in the hall bonds and/or the wedge bonds may occur
and may reduce bond strengths due at least in part fo this lubricant. Moreover,
because the contamination (e.g., the lubricant) passes through a capillary of the
wire bonding tool of the wire bonder, a portion of the contamination may
contaminate the capillary causing more frequent replacement and/or cleaning of
the capillary.

[0004] 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
honded to lead connections on carriers or packages. That is the wire bonding
includes ball bonding of the fine wire to the lead out pad of the semiconductor



bonded to lead connections on carriers or packages. That is the wire
bonding includes ball bonding of the fine wire to the lead out pad of the
semiconductor -2- device and bonding of the fine wire to the lead
eonnections on the carriers or packages. As a result of the more dense
devices, the lead out pads and the lead connections are becoming
smaller, and as such, contamination in the bonds produced by the ball
bonding and wedge banding process, is becoming a mote significan
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method for reducing contamination of wire bonds. SUMMARY OF THE
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wirebonded is provided. The wire cleaning system inclydes
byt bR A S L e G
Thdse beiiteg adreborivleffeTb e &lEamtrs,atdintAss FRaRibac:
energy source for removing contamination from the wire in the chamber
[PO0610 the Thine, biehnsy\ibebisite tie[ 60 08TvAdCBIRIRIG T AIoRRINCd for
rmalgg;&g%hgggg%@weﬂggrmﬁsent invention, a wire bonding machine
Is provided. The wire bonding machine includes a wire bonding tool

configured to receive a wiggiReWePHes iadeeation. The wire bonding
machine also includes a wire cleaning system for cleaning the wire prior
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inCludes: (1) a chamber through' which the, wire eséteréda Prior 5%‘8*}? \wg wire
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Stivedn a conductive pad of a semiconductor

wire being wirebonded,

[0008] According to ancther exemplary embodiment of the present invention, a
wire bonding machine is provided. The wire bonding machine includes a wire bonding
tool configured to recéive a wire to be bonded to a location. The wire bonding machine
also includes a wire cleaning system for cleaning the wire prior to the wire being
honded to the location. The wire cleaning system includes: (1) a chamber through
which the wire extends prior to the wire being bonded to the location, and (2) an
energy source for removing contamination from the wire in the chamber priot to the
wire being bonded to the location.

{C0009] According to yet another exemplary embodiment of the present
invention, a method of bonding a wire between a conductive pad of a semiconductor
device and a conductive pad of a substrate is provided. The method includes removing
contamination frem the wire prior to bonding the wire between the conductive pad of
+he semiconductor device and the conductive pad of the substrate. The method also



device and a conductive pad of a substrate is provided. The method
includes removing contamination from the wire prior to bonding the wire
between the conductive pad of the semiconductor device and the
conductive pad of the substrate. The method also 3- includes bonding the
wire between the conductive pad of the semiconductor device and the
conductive pad of the substrate. BRIEF DESCRIPTION OF THE

DRAWINGS [007.0] Although the invention is |II ed and d Ser beg X q
AT RIS e DL B FEUH RSl Hoe DRt device an

thtendeédctybedinitétetouberditails shown. Rather, various modlflcations
may be made in the details within the scope and range of equivalents of
the claims and withosRIEpaESCRIFIROh S irleB RAOUES] It is

emphasized that, according to common practice, the various features of
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awings are the following figures: Fig. 1 js a schema
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raxgal agusribodinfaht ofdines presefihmata ot Figronsthgiameatisp plan
view of a semiconductor die 200 and substrate 210 that may be bonded

fmowire bondend 66 pihavear deaceavithiiap exeonplary reavboelrrentasiote
RIESRALIPRN AR SHs g aatioNane LusiaY)aR amnRmekiine
unit 190 in accordance with an ex\%}‘uﬁ) é/ B%itl‘m gtc 1'11% e, Edrgé?rﬂhe
YRUBHEISFARIGS A1 Y WEREIN SR G anothier Compensation Unit
d9% ingsaerortafdiowinh Boues&mplary embodiment of the present
invention; Fig. 5 is a schematic view illustrating a cleaning unit 300 In
accordance Wiithidn @xehepiatiy @iet ddiateaitrar 2 prsEREREsteh arig e

BolsiRrSehe maticivg whidsisating Aneiips Gleaning tmitp#teint 1acesidance
with an exemplary embodiment of the present invention; Fig. 7 is a

schematic Viﬁ’V% "wét@aﬁﬁlaﬁo%ﬂﬁélﬂeﬁéﬂﬁaﬂmgambw@ctﬁr ancoudaseesubstrate
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stratl it another ¢ eanlng unit 600 in accordancé

Wﬁhoﬂﬁ‘%ﬁfp‘lﬁﬁ%‘?ﬁﬁﬁdf?ﬁﬁm%’ffthe present invention; and

Fig. 3 is a schematic view illustrating a compensation unit 190 in
accordance with an exemplary embodiment of the present invention;

Fig. 4 is a schematic view illustrating another compensation unit 195 in
accordance with an exemplary embodiment of the present invention;

Fig. 5 is a schematic view illustrating a cleaning unit 300 in accordance
with an exemplary embodiment of the present invention;

Fig. 6 is a schematic view illustrating another cleaning unit 400 in
accordance with an exemplary embodiment of the present invention;

Fig. 7 is a schematic view illustrating yet another cleaning unit 500 in

accordance with an exemplary embodiment of the present invention;

Fig. 8 is a schematic view illustrating yet another cleaning unit 600 in
accordance with an exemplary embodiment of the present invention; and



-4- Fig. 9 is a schematic view illustrating yet another cleaning unit 700 in
accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION [0012] in the figures like
numerals represent like features. [0043] As used herein, the term
"chamber" is intended to refer to any structure enclosed or otherwise that
is used in connection with an energy source and a wire. The chamber

may be a sepaipie JOl9F 6 Ui MR AL YRRk ERERIGTRIE700 in

bonding tool ?nay ifciide suc a chamber, The chamber may at least
agsardangeatidioar eHee R FIBAYRSRELHIB RIFCHTE ENERTSET or the

chamber may be any structure used in connection with the energy source

to remove contamiMaS hERIREAYE O NP F S TMEN e lcture to reflect

light from an ultraviolet light energy source towards a wire, a structure to
[Gaititate plasnisedigohsr frefrommerpiastateshoc ke EHERy source,

and/or a structure to facilitate plasma jet discharge from a plasma jet
[60€LgY Sourseusathaginhaesid0 1dhasbestis desitedie tafpido any structure
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undesirable substance present pn a bonding.wire,.
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S used herein, the term semiconguctor, gevi ‘
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aggcgnge(g%dgrgq any contact including contacts integrated as part of a
semiconductor device or a substrate to which a wire is bonded. [0018] As

Rk erein DG ST RORIHSQHIRE iRl aRY BREraRaHRedbAt may
be used remove contaminants from g Wirg. Exe Cl}%rg EQ%%% Cces,
inigRAssEE ErRiR ﬁf’ddﬁ@95‘5?5%‘?1?%%%%Car8re@%ennergy source,

n ultraviolet
dz'bg!m]iﬁaesg_yl’%s@.m%’,lirmm@sérp’lagm@@é@@ﬁf@rwwﬁptaminants, inorganic

contaminants, oxides, etc.

[GOLE] As used herein, the term substrate refers to any structure to which a
semiconductor device is wire bonded, including but not limited to printed circuit boards,
leadframes, cards, elc.

0016} As used herein, the term semiconductor device refers to any of a number
of devices including semiconductor dies, semiconductor chips, VLSI devices, integrated
cireuits, etc., and any other device intended to be wire honded to a substrate.

[0017] As used herein, the term conductive pad refers to any contact including
contacts Integrated as part of a semiconductor device or a substrate to which a wire is
bonded.

[0618] As used herein, the term energy source refers to any energy source that
may be used remove contaminants from a wire, Exernplary energy sources disclosed
herein include a plasma discharge energy source, an ultraviolet light energy source,
and a plasma jet energy source.



5- [0019] Fig. 1 is a schematic view illustrating a supply mechanism of a
wire bonder 100 according to an exemplary embodiment of the present
invention. [0020] Fig. 2 is a partial top plan view of a semiconductor die
200 and substrate 210 that may be_ honded by wire bonder 100. (0021]
As shown in Figs. 1 and 2, wire bonder 100 may be adapted to accept a
removable spool 110 of bonding wire 120, and may include a diverter 130,
an air guide 140, a cleaning unit (e.g{gﬁone or more ?f cleahngg urgl;sa%gpé
12089300, 669 of FOBFREIBRUTNEY T85 8 Wit THRRY 170 & & ectric
biadee it (KEGYideice freesioen grabesbmemgofodienreRARB ARTE N
shown), a wire bonding tool 180, a substrate transport unit (not shown),
[86g @ compeRsatier yaittdEoppAbyiRe oy ableieeelcirTist 258 ik gubstrate
z\ﬁ’ﬁr%q%?%‘%%‘é’%@nﬁgﬁpw Qf bending wiee 120 that is spooled around

removable’ spool 110 to be supplied to wire bonding tool 180 via diverter
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rnaNaIe S 1767 PRAEIS DU, 015010 o A o o ou
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indhe; wirg hondinadenth interpeadiaje:sol rsnanaliesspoa 31, Graryl véra40, a
bonding tool 180 to _remove atl i the gostaminants £ang
SERrARLLSS e g ooz ion)
RGN UTDDSAC S B aNTS IR e AL FRMERRG WP B ohdiRg 1o " ™
150.10028% Bivester 130naydemtevides treHANyE™ @b cliSHEEB oA g 00
éﬂ(? Hga%pogg%gﬁéﬁoé@ﬁmgeﬂﬂé?@mgl@@m@wlﬁemmhh@zaditjcgﬁ.bonding wire
urther, air guide 140 may be proyi RE correspondin
Setiasre v%ler{&r %%rf;p}ﬁf/q]g% o g%%?%%@o%%%%@@cﬁ%v%? taénsioner 160
ferd) cspphyiene AIStRh e R ¥8téthined amount of tension to bonding wire
120 during predetermined timeframes of a wire bond cycle. Wire clamp o
100227y releassbhycianiEBEH(RE viRe f?@ﬁ%%ﬁ%‘é‘@o‘ﬂﬁgﬁgﬁ’ {607 =00
Ry erWikhwiks, bendiagrtogl h80pext on wire bonder 100 and may be disposed in the

wire bonding path intermediate to removable spool 11.0 and wire bonding tool 180 to

remove at least a portion of the contaminants {and preferably, substantially alt of the
contaminants) on the surface of bonding wire 120 prior to bonding wire 120 entering -
wire bonding tool 180,

[o023] Diverter 130 may be provided to change a direction of bonding wire
120 from removable spool 110 toward wire bonding tool 180, Further, air guide
140 may be provided to ensure a smooth and continuous wire supply to wire
bonding tool 180. Moreover, tensioner 160 may supply a constant, pre-
determined amount of tension to bonding wire 120 during predetermined
timeframes of a wire bond cycle. Wire clamp 170 may releasably clamp bonding
wiré 120 and may be configured to move with wire honding tool 180, or
independent of wire bonding tool 180, to supply bonding wire 120 through wire
bonding tool 180 and/or to break bonding wire 120 after the second bond (e.g., @
wedge bond) is made.



independent of wire bonding tool 180, to supply bonding wire 120 through
wire bonding tool 180 and/or to break bonding wire 120 after the second
bond (e.g., a wedge bond) is made. -6- [0024] Bonding wire 120 may be
formed from, for example, gold, gold alloy, copper, copper alloy,
aluminum or aluminum alloy, among others. Further, a lubricant may be

- coated over the surface of bonding wire 120 prior to being spooled to

prevent bonding wire 120 from stickin | Vv |
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Wé"@ol t‘?d@‘r%g r%a?lon unit 190 or 195, tensioner 160, releasable
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Ire ove contamination from

bonding wire 120 prior to bonding wire 1 O e terin wire 0
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400, 500, 600 or 700) may be operationally :sposed anywhere between wir g

ool 180 and removable spool 110 of bonding wire 120 to remove contamination from

bonding wire 120 prior to bonding wire 120 entering wire bonding tooi 180.

[0027] Wire bonding tool iSO (e.g., a capiliary tool}) is formed into a holiow
shape and bonding wire 120 may be removably inserted through wire bonding tool 180,
A ball may be formed at an end of bonding wire 120 that projects from wire bonding
tool 180 (e.g., the ball being produced by an EFO device). Thatis, an EFO device, for
example, generates a spark on the end of bonding wire 120 to produce such a ball.

[0028] Referring to Fig. 2, after the ball is formed (e.g., by the EFO device}, the
ball is ball bonded to respective leadout pads 230 of semiconductor die 200. Wire
ponding tool 180 is moved by a wire bonding tool moving unit to a location that
corresponds to corresponding lead connections 240 of substrate 210, and bonding wire
120 is then wedge bonded 10 corresponding lead connections 240 of substrate 210.



example, generates a spark on the end of bonding wire 120 to produce
such a ball. [0028] Referring to Fig. 2, after the ball is formed (e.g., by the
EFO device), the ball is ball bonded to respective leadout pads 230 of
semiconductor die 200. Wire bonding tool 180 is moved by a wire
“bonding tool moving unit to a location that corresponds to corresponding
lead connections 240 of substrate 210, and bonding wire 120 is then
wedge bonded to correspondin Ie d connections %4Od0f substr %
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230 of semico % L str %8 Q{:F corresponding lead connections 240 of
Strate tﬂﬁ% 2 [ Figs. 4 are schematic views illustrating

exemplary compensation u and 19 S |
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now shown), a reducing gas or a noble gas between conditioning unit 820
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empérature of the reducing gas or noble
@(@%ﬁ@éhﬁlﬂ?%‘éb@ﬁﬁ@‘ﬁ&?Tﬁ@%’bﬁﬂ’(ﬂﬂéﬂﬁwg ur?f%]zgétr%’éyefﬁac iUde a
chaathien880 isoafigueddbyli e viltoveaRing adnofa RAGURIMICERS (EIgRNIng
hyregen an0/e6@ sombinaiion aboling unit 800 may circulate, via exchange

inlet and outlet ports 835 and 845, a cooling gas between cooling unit 800 and a
cooling unit side 814 of the heat exchanger 810 to reduce the temperature of the
reducing gas or noble gas by heat exchange with the cooling gas.

[0032] | Conditioning unit 820 may include a chamber 880 configured (1) to
allow circulation of a reducing gas (e.g., hydrogen and/for a combination of
hydrogen in nitrogen, argon, helium, etc.) or a nable gas (e.q., hehum, neon or
argon) of a predetermined temperature to actively cool bonding wire 120 after
the wire cleaning unit (e.g., one or more of cleaning units 300, 400, 500, 600 or
700} removes contaminants from the surface of bonding wire 120, {2) to provide
an environment which is substantially free from contaminants, and/or (3) to
prevent contaminants removed from the surface of bonding wire 120 from
recombining with the bonding wire 120, )



hydrogen in nitrogen, argon, helium, etc.) or a noble gas (e.g., helium,
neon or argon) of a predetermined temperature to actively cool bonding
wire 120 after the wire cleaning unit (e.g., one or more of cleaning units
300, 400, 500, 600 or 700) removesgcontaminants from the surface of
bonding wire 120, (2) to provide an environment which is substantially
free from contaminants, and/or (3) to prevent contaminants removed from

the surface of bonding wire 120 from recombining with ' '
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an | RE BHBRIATY ORBI6 may include a separate outlet port 850 for

removing (e.g., purging) the reducing gas or n gas,alhpughsiisstand
[0834hd opERIKLLosEY Jnd g%% %%%éIFﬁg gssoﬁ%l%t poHs fo?rtemoving the
retealdoi(RgRS MIrgRIShgSIHSINSIRMMBALBISIT0YSTAHE LEriditio g
opinihB2a¢0anbe rouRleddeafusiinet petsirier sedieuing das SAHpRAGaS oF
continuqusly supply/resypply the reducing gas or noble gas
“?@%S%Se%rff{b};‘é?éaé%éggﬁ‘the outlet ports 850, 860 and/or 870. [0036]
Although a gas cooling unit js,jlissirated it iscoRteMPiaiadHhasheing 890 to a
[{&%ﬂg unit ﬁ?a}pgglg%i/}%%%)ﬁsggﬁ?fvice cag_able of %r%% Ln a:g}::tive
JTOiPI 60 RAPOIOERY RS PRAEH IR SHRITEY WRIFS £30 %6 Peducs the
rd@IRRRYRiHE: 0 fthandin ghavisi R En 85PafER Auder f8f @xample, a cooling
fan, liquid cooling, or a thermoelectric cooling unit, among others. [0037
réwseiding tm@n@azgar_a@myﬁmqmwtimmmﬁqﬂe%éﬁﬁmlﬂﬁ?dtﬁ&t the
B o oot o e 6. G R G,

. ng
reENgve BE ST MBFA BILRERNIAG ‘ﬁ'nﬁs%é%? 400, 500, 600 gr 00). [0038] As
vilkesteaeahih PRy, Welie FUrRIFRD masPARE AN VaK IHaBdE”
tEaMBeRSatBdNill IS tharingarieens.more nozzle devices 900 configured

to blow reducing gas or noble gas of a predetermined temperature across
[BRRHNY Wirenck3Riiacaatisie hreopldynaing dine 2y Hftepipre i fBVERIng
tHQ'%eﬂ%&ra?Q%%? bonding wire 120 is substantially the same when leaving
compensation unit 190 as it was prior to entry into the wire cleaning unit (e.g.,

one or more of cleaning units 300, 400, 500, 600 or 700).

a

[0038] As illustrated in Fig. 4, wire bonder 100 may alternatively include
compensation unit 19'5 having one or more nozzle devices 900 configured to blow
reducing gas or noble gas of a nredetermined temperature across bonding wire
120 to actively cool bonding wire 120 after the wire cleaning unit {e.g., one or
more of cleaning units 300, 400, 500, 600 or 700) removes contaminants from
the surface of bonding wire 120, and to reduce the potential for contaminants
reroved from the surface of bonding wire 120 from recontaminating with
bonding wire 120, Thisis a_c:compiished by the reducing gas or the noble gas
being sprayed through one or more nozzle devices 900 at bonding wire 120 as
bonding wire 120 moves past one or more nozzle devices 900 provided adjacent
to the bonding wire path. Thus, the reducing gas or the noble gas may coimbine
with the contamination removed by the wire cleaning unit {e.g., one or more of



more of cleaning units 300, 400, 500, 600 or 700) removes contaminants
from the surface of bonding wire 120, and to reduce the potential for
contaminants removed from the surface of bonding wire 120 from
recontaminating with bonding wire 150. This is accomplished by the
reducing gas or the noble gas being sprayed through one or more nozzle
devices 900 at bonding wire 120 as bonding wire 120 moves past one or
more nozzle devices 900 provided adjacent to the bonding wire ga{g}h
sy UnetseiGiAG L E00r 4B oty dRarsRy eopaREelYifRqHENe the
nSRpiRMAlRafemab Ry the Wiredelganiregianit (e.g., one or more of -9
cleaning units 300, 400, 500, 600 or 700), thereby substantially reducing
g sRotential far.cecantaninaionoaliihe omding witeriags (0BSTe
Compensation Unis, 190 80 195 IK5iEdfissn - ale aaping in
e BARRYYe ana simpler arrangement%. .,.Iowlvelogitx forced air
fasreshsl) areseBhBsmErAtER B e SN DMLY Wit tieaned i accordance
Ythithe prasemdmprentianini@®4op Referring now to Figs. 5-9, as bonding
wire 120 passes through the wire cleaning unit (e.g., one or more of .
[616AG1NY UniteR0And0BySORIGO G of, P60PHHIEHarAREEs. T heh the
WA ConaIAsELeodamdase wiobaaio e BORe
removed By one or mgre of a combin r ightieng B &N
the QBRI RS Rl L:{(’)ﬁ?g:agn.dg%@&p%é&n{jaa ﬁgchg%r e u itd;ﬁ%g d{Fig.
B divigendtedFP G EESOUERY. 7)E Rird e RGN LS I’—C’lay'%fvéone Jor a
iRlastmaseb disshalge abitc/QhEFago0 Sy Bithets. JOURBN F B
usn%‘ﬁgggg\r"gg Jrstatingyirercieaning. unit o6 dhah may becosddiit),

wire 100. [0042] Referri 0.2, Wire.cleaning unit 300 may be
TR BT BT %\%fﬁﬁt@blﬁ%ﬁﬁ ' EZa%)\{ti%n%o%g(n%%gultraviolet light

(e.g., a UV bulb). Light source 310 nerate o '
iAR4adtion of RoRBLAAFBRIGE, Wﬁ‘}ﬁ‘nﬂr@étg%iﬂ%am ﬁu t‘?ag\%ﬁl e |igﬁﬁt9s6§§1ﬂ?ﬁ§] 2 be
tbeduitwaletbightearid®he generated ozone interact with contaminants

on the surface of bonding wire 120. The energy imparted by the

covaination abtbeiegiteth ultravieleehgoaltAByER¥ RS HIBIE to accept 2
?“ﬁsé tially, gisassesiates:rasnstamiaty demaves iie) cantatsnatisns 10
rf%;ngtenee?autg%cz%n% b%ggéj g]rgavr\{lgr?télr%gtion of molecular oxygen with the emitted
ultraviolet light such that the uitraviolet light and the generated ozone interact with
contarninants on the surface of bonding wire 120. The energy imparted by the
combination of the emitted ultraviolet light and the generated ozone substantially
disassociates {i.e., substantially removes) the contamination from the surface of

bonding wire 120.

[0043] Wire cleaning unit 300 may include a chamber 320 having first and
second openings 330 and 340 such that bonding wire 120 may pass through first and
second openings 330 and 340 of chamber 320. Chamber 320 may be formed from a
highly reflective material, or chamber 320 may include a highiy reflective material on
an inside surface thereof. Exemplary reflective materials include aluminum, stainless
steel, chrome plating, nickel, nickel plating, and alloys thereof. Further, such reflective
materials could be covered by a protective layer (e.g., glass). The reflectivity of the
inside of chamber 320 is preferably above 70% or greater, Wire cleaning unit 300 may
further include an inlet port 350 to provide a gas mixture to chamber 320 and may

include an outiet port 360 to purge the gas mixture from within chamber 320. The gas



[0043] Wire cleaning unit 300 may include a chamber 320 having first and

second openings 330 and 340 such that bonding wire 120 may pass

through first and second openings 330 and 340 of chamber 320.

Chamber 320 may be formed from a_ highly reflective material, or

chamber 320 may include a highly reffective material on an inside surface

thereof. Exemplary reflective materials include aluminum, stainless steel,

chrome plating, nickel, nickel plating, and alloys thereof. Further, such
mieheretinat mardPRIR eYdRS e SRVBRET 1P SEROIREHE RVStEg giagL)” @
raae eEfestiviyotdsotnside o chahnber 828 veeinbiaiibly aboTexo% or
. greater. Wire cleaning unit 300 may further include an inlet port 350 to
rosavide a gasmixise Bschaayleri326 fasdemayedookide eninoathelon 360 to
pﬁ% RS SRR é%%ﬂ%'ﬁb%%&%h&%@mﬁhmgaﬁm :ELQMM&;

that may be provided to chamber 320t alnﬁlgégear% |%§Lé| 92Y958 IR &amber
thEphsd 6%/%{”885? 898 & W%%?ng?gﬁ?'rggﬁlven a welight of'the gas
3aTi}t g DRISUSttpGrt 360 may include first and second openings

330 and 340 to purge the gas mixture from chamber 320 and to allow _
[berging wirevl:2htm pas$o througfuthemitsdyBoandtanite eIediding tnik Bgphaving
aaéé?/ﬂaw%%_edgﬁémﬁaﬁi@oiwm 038R QR ge e gasiixtureire bonder

0045] Wire bonder 100 may .further i - iqi '
TR bRt ST B e o, b 2
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. @fwiraiciaastingraisi300gisinpgdeo maisrsgastastethasiaie afteshen aheiaying,
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ozone is substantially more effective at remoyving, for ic
T T A
dnchrdiag Separite Wions gt Heharpsow, fm@m%%@we’émmﬁ@m&s
fEmasRIAtas than oviiuuliravioles fighizaltineuts mp o\t gewiteys2 @ through

conta[min‘gntg ig bonding wire 120 and to allow a higher throughput of
BoR |ﬁagnwﬁ'e‘1 g%fough wire cleaning unit 300. [0046] It is preferable

that light source 310, be nositi e i direeti I a
B o R e B
egisn grealeliothe RSP UA L Rr (0T Bt O BOREE b
43onitthbeatlng wirkiiRel ana hiptesourcedtdasie MamppEigionding wire
-Er%%l?%{hfﬁo@m corsespendingin fockef ellipsoinshapeaibehambenS2@uxes

Al b(}? locatin lclaggﬁltspos%rrges.haped chamber 320. That is, by locating light source

corresponding to foli
310 at one focus and bonding wire 120 at another focus of the ellipsoid, the amount of
light absarbed by bonding wire 120 is increased (e.g., maximized) and due to such a
configuration, ail portions of the surface of bonding wire 120 may be subjected to
ultraviolet light from light source 310 either through direct transmission or via
reflection by the highly reflective surface of chamber 320, Itis preferred that the
ultraviolet light be located in close proximity {2.9., adjacent) to bonding wire 120
without contacting bonding wire 120. Chamber 320 may be purged at a slow flow rate
by removing a volume of gas mixture equal to the volume of chamber 320 about every

1 to 300 seconds with air or anether gas mixture containing molecular oxygen.

[0b47] Light source 310 may be capable of generating ozone by interaction with
the oxygen,' but also may produce wavelengths that may be qapabie aof dissociating
ozone to oxygen atoms and molecular oxygen. That is, bonding wire 120 may be

simultanecusly exposed to ozone, atomic oxygen and ultraviolet light. An ozone



310 at one focus and bonding wire 120 at another focus of the ellipsoid,
the amount of light absorbed by bonding wire 120 is increased (e.g.,
maximized) and due to such a configuration, all portions of the surface of
bonding wire 120 may be subjected {g -ultraviolet light from light source
310 either through direct transmission or via reflection by the highly
reflective surface of chamber 320. It is preferred that the ultraviolet light
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d at a slow f

Chrate BROTINAG af‘wlﬁ?ﬁééﬁﬁ%t R o B BRI 5 Pk g ce
am2haPeubewer/ddidn300 setahdevatitair paranoftrergasndxtlbe-

containing molecular oxygen. [0047] Light source 310 may be capable of
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since ozone Is a toxic substance and ma r
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zé’atm{gsabamg@;bm 820 (Masthaecdauspigd byctivefir sropedirpS8Gythe
crcl:rpdtfg % and/or opening 370 to a vacuum or a vent (not
enﬁe 0 re ce the pressure in chamber 320 to less than about one
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gs 33 and/or opening 350 would establish an equilibrium
rpRESRURESH iorlRsdRaSeD 0% value below about one atmosphere. In such

an embodiment, it is clear that although Fig. 5 illustrates gas leavin "
[90Eihgs 33BeAntBA(iashardts GSAY MBS BRYRE) P %‘gtsegewa e
£ptafing 4bssewpeniagsulfnd I Elgctboiza Sthematic mequagé@&trﬁges 410 and
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eferring to e ¢cleaning uni i
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an@@erm@rwegaag@ramawerkﬁn@mr@rma : By ORHAF R B SUETIVRYSt tavency
Rrefesably, an alternating current electric dlscharge Preferably, the
frequency of this AC discharge is above about 5 kHz,

[0051] Wire cleaning unit 400 may include a chamber 420 having at least first,
second and third openings 430, 440 and 450 such that bonding wire 120 may pass
through first and second openings 430 and 440, and third opening 450 may be an inlet
port to pass process gas into chamber 420. Wire cleaning unit 400 may further include
one or mare 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 piurality of
alectrodes 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, piural electrodes 410 may each partially circumferentially surround bending
wire 120 and may be configured with bonding wire 120 to generate a piasma discharge
in chamber 420, according to a potential applied between plural electrodes 410 and



and such AC discharge may also be, for example, in the radio or
microwave frequency ranges. [0051] Wire cleaning unit 400 may include
a chamber 420 having at least first, second and third openings 430, 440
and 450 such that bonding wire 120 may pass through first and second

. openings 430 and 440, and third opening 450 may be an inlet port to
pass process gas into chamber 420. Wire cleaning unit 400 may further
include one or more electrodes 410 that partially or entir%lggt circurnferentially

bointugfereri@aty Futhetnel Wahelefgr RS 45D ARH SAE R Hfiglired with
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r'more electrodes 410 and bonding wire 120.. i ;
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and may be configured with bonding wire 120 to generat . iat
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aggc%\(ﬁ@fgctc‘bgﬁgigél ﬁggcigmg@gg@t‘ially surround bonding wire 120 and may

e configured with bonding wire 120 to generate a plasma discharge in

(e 420, acc0rAing Lo aRaleniizh aRnlisd beioenipiialoeideroiesi20 vith
and - 12 bonding wire 120, Eurther, plural glectioges 410U 8AGNe 120.
DAFEAHPEREGHRARAERIGERIF00RE Donding wire 120 and ma ife
Donifiggeadriogeneratete e Larser R §ee RifTEER %%a?ﬁeg% g e pressure
mrgi@get_g ad0tentiakapplied e tighen fhie rebebsctpos esedELue TS aller the
th%%asmaegis%harge is generated in the vicinity of bonding wire 120.

‘fé f e en r%'y imparted by the generated plasma substantially

disassociates . (i.e., substantj a nationfemdhasufaceeium,
fogippoates, (82Ul é%ai%¥05%r?B¥%§% Maminationieee i

ing wire acc

e applied potentials, ;
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q,%g}g.p Such a gap may be predetermined based on the process gas
selecCted and the pressure of the process gas. For example, the higher

BEOCESS Gas PEBBRYIS dbspemalisr #bedinedetemifethg 9 00B4eTEDY the

o an Y, be, ifr(m)crh? an 12 ﬁ%éy'%ﬁcﬁ.&stﬁgm%%%mlmg wire, while
AHFoger, ek aW& of 8Xyger, ) a gas mixture thrmcpuréﬁiﬁrhgo?xgﬁggcmtaminants
atgorehelim orapeioF THASHEAN by i&?&oa%mﬁ‘r’s‘&ﬁé ompnising hydrogen
iprakgR: eliumg andiare removed with the plasma 405 that inciides oxygen, a
second plasma chamber (not shown) including a reducing gas (i.e., cne containing, for
example, hydrogen and/or a combination of hydrogen in nitrogen) may be used to
remove oxidation on the surface of the bonding wire 120. 1t is preferable that for
copper or copper alloy bonding wire, the process gas be hydrogen mixed with any of
argon, helium and/or nitrogen to remove surface oxides and other contaminants such

as organic contarminants.

[0056] Chambper 420 may include a separate outlet port 460 for removing the
- process gases, although first and second openings 430 and 440 may serve as outlet
ports for removing the process gases from chamber 420.

10057} Chamber 420 may be configured to operate at a reduced pressure in a
| range of about 100 mtorr to about one atmosphere. By reducing 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



nitrogen. [0055] For copper or copper alloy bonding wire, a plasma 405
generated by the plasma discharge that includes oxygen may oxidize the
surface of bonding wire, while also removing organic contaminants. If
contaminants including organic conty inants or copper bonding wire are
removed with the plasma 405 that includes oxygen, a second plasma
chamber (not shown) including a reducing gas (i.e., one containing, for
example, hydrogen and/or a combination of hydrogen in nitrogen) may b
octseB B S EBRD SRR NS R P o GG B TD 0 e et
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the pressure in chamber g 0 t%less than %89%&;9 8@%03@&?%81» 18 g such
AR IRSERPSORESY AMERLNERSR With GAs entering at openings 430,
e aptiesiiiopetin gABLINGBERNBEERNISh an equilibrium pressure in
chamber 420 at a value below about one atmosphere. In such an
ppobedimentFitrisislezatthatalteoughduig Beithrpates ARy PPYing
gp%qﬂga ééggﬂq}oﬁé&;(ﬂgﬁngﬂegmmgf@umew@malmw mmayé)er more
entering these openings. t
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epHemplateththatiapotantidl ofahbaykasieiedeottraiéara tO34iRg the
bonding wire 120 may be controlled in different periods to control plasma
dissbayoe, antyin) pther periodshiatexampie;itasaktivdorhestriesipming units
500 and 600 that may be used in wire bonder 100.

[0061] Referring to Fig. 7, wire cleaning unit 500 may be configured to generate
a plasma 505 between a plurality of electrodes 510 by an alternating current electric
discharge, preferably at a frequency above about 5 kiHz, and such AC discharge may
also be, for example, in the radio or microwave frequency ranges.

[oos2] Wire cleaning unit 500 may include a chamber 520 having 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
a plurality of electrodes 510 circumferentially surrounding bqnding wire 120 and
configured with bonding wire 120 to generate plasma discharges in chamber 520

according to potentials applied to the plurality of electrodes 510 and/or banding wire
120.



as continuity testing of the bond interconnections. [0059] For alternating
current electric discharge generated by supplying alternating current
potentials to one of the plurality of electrodes 410, or one or more
electrodes 410 and bonding wire 120, surfaces of one or more electrodes
410 may include dielectric coatings so that dielectric barrier discharge
may occur. That is, each of the one or more electrodes 410 may have a
dielectric surface coating. [OOGOH:IQS 7 and 8 are schematic views
iRG&Rting ot SHFE FARREPEMYSIAARA BBEMARM SYSER 0EaYin wire
derderidR0.([G06%] HRefetlry neriRiges], avite wlvatintgfumit B@0switagdef bonding
Jwepfigyred to generate a plasma 505 between a plurality of electrodes
510 by an alternating current electric discharge, preferably at a frequency
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[0063] The energy imparted by generated plasma 505 substantially

ERessEb iate §¢F eopsgb stabsily FimobRRY BE MR RRATTROM e tipraseoxyden
ehbonding tireutRRe [0064] Opsepomeipeletsptes Gl may beiarngesthoving
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ween the one or more electrodes 510 and bonding wire 12
HORA B USRSV e i BiP 135 AR dBRT SRS R E ﬁ%ﬂnﬂ%@%ﬁd plasma
ngorvamar sheygeriniitdingas reikging cenpésiprRECRyGERig cCOmBRAETIve
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or I‘II rogen Or copper or copper alloy bonding wire, a plasma
ﬁﬂﬂ@ﬁ‘%\i’l‘ﬂﬂé@%ﬁ%@ﬁs gas be hydrogen mixed with any of argon, heltum and/or

nitrogen to remove surface oxides and other contaminants such as organic
contaminants.,

[0057} The chamber may include a separate outlet port 560 for removing the
process gases, although first and second openings 530 and 540 may serve as the outlet
port for removing the process gases from chamber 520.

[0068] Chamber 520 may be configured to operate at a reduced pressure in a
range of about 100 mtorr to about one atmosphere. In one preferred embodiment, the
pressure in the chamber is between about 50 torr and about one atmosphere. By
reducing pressure in chamber 520 below one atmosphere, generation of a plasma is
enabled at lower voltages. That is, as the pressure in chamber 520 is reduced, the
onset of plasma discharge occurs at correspondingly lower voltages. Chamber 520
may be coupled by first opening 530, second opening 540 and/or separate outlet port
560 to a vacuum generator 570 (e.g., a vacuum pump or a venturi) to reduce the
pressure in chamber 520 to less than about one atmosphere. The vacuum generator
570 in conjunction with gas entering at openings 530, 540 and optional opening 550



may oxidize the surface of the copper or copper alloy bonding wire, while
also removing organic contaminants. If contaminants including organic
contaminants on copper bonding wire are removed with plasma 505 that
includes oxygen, a second plasma (_:rlasmber (not shown) including a
reducing gas (i.e. one containing, for example, hydrogen and/or a
combination of hydrogen, in nitrogen) may be used to remove oxidation
produced in the chamber 520. It is preferable that for copper or copper
URYYH BTABNRD e HEr PrORESYUS BeehyRigete ikt Nt Aspbratgsife
Retiosnamnel/dn Ritrtb geretebatinvye, st ifadecoxicasihdugth Eigs ohtidusirmesgas
R4GTh 8D BRBICS SO RIANMUANIR:R0RE Jhey amhal=mayoRsiidedmay be
separate outlet port 560 for removing the process gases, although first

ahd second op%nlné’s'SSO and 540 may serve as the outlet port for

removing the process gases from chamber 520. r%)%%ﬁ hhamber 520 r,na){
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corrasponding set of ring-shaped electrodes 510. Although only one set of electrodes
is shown In the exemplary embodiment illustrated in Fig. 7 any number of sets of
electrodes may be provided to generate separate sets of plasma zones.

[oo72] Elements which are common to the embodiment shown in Figs. 7 and 8
are omitted for brevity. Referring to Fig. 8, wire cleaning unit 600 may further inciude
a further electrode 610 extending along a direction substantiafly paraliel to an axis of
bonding wire 120 and adjacent to bonding wire 120 such that a majority of aiternating
current generated by plasma discharge conducts through further electrode 610. That
i5, AC current flows through further electrode 610 rather than through bonding wire
120. This may reduce resistive heating of bonding wire 120 to be cleaned and may
reducé electrical noise generated in bonding wire 120,



bond interconnections. [0070] For alternating current electric discharge
generated by supplying alternating current potentials to the plurality of
electrodes 510, surfaces of one or more electrodes 510 may include
dielectric coatings so that dielectric batrier discharge may occur. That is,
each of the plurality of electrodes 51 may have a dielectric surface
coating, Further, chamber 520 may be formed from a dielectric material

and the plurality of electrodes 510 may be arranged along a outsE{)j .
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[00675] The energy imparted by the generated plasma jets 705 substantially
disassociates (l.e., substantially removes) contamination from the surface of bonding
wire 120. Process gas used in each of the plasma jet devices 710 to produce the
plasma jets may be i) air, ii) a gas comprising helium, nitrogen, argon and/or oxygen,
iii) a gas mixture comprising oxXygen mixed with helium, argon and/or hitrogen, oriv) 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.

[007E] For copper or copper alloy bonding wire, plasma from a plasma jet which
includes oxygen may oxidize the surface of bonding wire, while aiso removing organic
contaminants. If contaminanis including organic contaminants on copper or copper
alloy bonding wire are removed with plasma that includes oxygen, a second plasma
chamber (not shown) including a reducing gas (e.g., one containing, for example,
hydrogen and/or a combination of hydrogen in nitrogen) may be used to remove
oxidation produced in chamber 750.



or more plasma jet devices 710 that provide pulsed plasma jets 705 to
bonding wire 120, conductivity test measurements and other
measurements of bonding wire 120 may be conducted, when, for
example, the plasma jet pulses are ngtimpinging on bonding wire 120.
Thus, these measurements may be conducted during periods when noise
from the charge built-up from the plasma discharges is reduced or
substantially eliminated, Wire cleaning unit 700 mag inclu%e a chanmer
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inlet port to pass process gas into chamber 750. Wire cleaning unit 700
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gs%rgle%second plasma chamber (not shown) including a reducing gas

e.g., one containing, for example, hydrogen and/or a combination of
en in pjtrogen) may, be use [ dati '
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anttonditrpgdr t2eemove surface oxides and other contaminants such as
organic contaminants. [0078] Chamber 750 may include a separate outlet
pesB 160 for remmouig the plasma jet devices 710 are shown in the exemplary

embodiment illustrated in Fig. 9, any number of spaced apart plasma jet devices may

be provided. It is preferred that all portions of the circumference of bonding wire 120

be directly exposad to the plasma from at least one plasma jet device 710,

{cos2l The cleaning systems and techniques disclosed herein are applicable to
various wire bonding operations (e.g., forward bonding operations, reverse bonding
operations) including being applicable to, for example, bali bonding systems and wedge
bonding systems. '

[0083} Although the present 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
devices configured to be wirebonded te any of a number of substrates.



process gases, although first and second openings 720 and 730 may

serve as outlet ports for removing the process gases from chamber 750.

[0079] Chamber 750 may be configured to operate at a reduced pressure

in a range of about 100 mtorr to ab_o;_,g one atmosphere. By reducing

pressure in chamber 750 below about one atmosphere, generation of a

plasma is enabled at lower voltages. That is, as the pressure in the

chamber is reduced, the onset of plasma dis har%e oceurs %ﬂ Aty in relation
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bonding of semiconductor devices (e.g., dies, chips,

o087} While preferred embodiments of the invention are jllustrated and
described herein, it should be understood that such embodiments are provided by way
of example only. Numerous variations, changes and substitutions can occur without

departing from the scope and spirit of the invention.



etc) are also contemplated as being within the definition of bonding wire,
for example, conductive ribbon used in bonding applications. [0085]
Further, the cleaning systems and techniques disclosed herein are not
limited to the cleaning of bonding V\Lirfgd_uring the wire bonding process.
For example, the cleaning systems and techniques disclosed herein may
be used to clean bonding wire during the manufacturing of the wire itself,
as opposed to being cleaned in . conjunction with the wire bonding
WopeiafiHus, in an application where the wire is to be spooled after
being manufactured, the wire may be cleaned using the systems (and
according t6 thie WshARNIE) BNSEITSEY RIREHN B MBrGREELE-bim e Wirebonded,
rHPSHAt IR [RP SEl Ewr thedstiinthe cleaning systems and techniques
disclosed herein may be used to clean a substrate including, but not

limited to, the.gepgdstivplRUIoNFafawuhsirtaiatalved inrehwirdtb adingls

gperation (e.g,, the conductjv .Rads on leadframe). Likewise, the
p@%atﬁi hgesyig ebrﬁ@%ﬁvér?gg ﬁ?q%eg isclosed herein may be used to clean a

semiconductor device (e.g., a die, a chip) includin tJmi :
conductive ?86?6?@’6?%“5%?0%raré?@rﬂ}’égﬁg%fgrrnaqe%ig?éuﬁﬁ%Ié’(‘a%uiﬁ%t}ﬂ e
chvirgsordingtoeeation Feing, whebesHefictive pads on a die). [0087] While
preferred embodiments of the invention are illustrated and described
herein, it shaulaeeirddestiod shstesteliceraittithents dre HIEIdeBySing:
way of example only. Numerous variations, changes and substitutions
can occur witkowipstepacingritatistheedchpenatidaspioit Bietadgraresrite Lo

oot %Péstg@msgtéafﬂyiF%gﬁ@rﬂﬁ%&ﬁﬁ‘?fécﬂﬂﬁll@aﬁm@ Wikegy applied

configured to be wirebonded, the wire cleaning system comprising: a
DY HAMBRF B §BIiTvhich a wire configured to be wirebonded extends prior

to the wire being wirebonded; and an energy source, for rem Vine%
gpy ?‘br the

contaminatich fFBRVHE RN IRGRESEIARTSEIBPRIYS e ire be

eing
cotinebosdied. uhifdvenpitecs e apthgtsy st Hceordlfya e aFRA IS thspduce

RO 7R CRBIRERTH I Wiitidispesed downstream of the energy
source to cool the wire to compensate for heating of the wire resulting

from energyaﬁp@H@%im’é_’éﬁrﬁH@%t@ﬁUé@@om%ng 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 generate ozone hased
on an interaction of molecular oxygen with the emitted uitravioiet ight, 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 matertal 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.



3. The wire cleaning system according to claim 2, wherein the

compensation unit comprises a reduction unit to provide a reducing gas to

reduce the potential for recontamination of the wire. 4. The wire cleaning

system according to claim 1, Whereigige_ 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 Ii(%ht source adapted to

emit ultravioldt Mg EIFERIRG SYEHRE BSSUY Bh R TR rcHBRTEY the chamber

taaleautascpxgen with thiel empenétsikvabitiet Hohtyismdatrescliapnbrthe first and
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first and second openings of the chamber, and the chamber includes a

PBflective material on an inside surface thereof. 6. The wire cleaning

system according to claim 5, v_vherain the Ii§ht sour etis Bositionedf ntiall
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'shaped champe; 22018 EARING'8, SleRNIRE, sYiSERtD eRargingnia alaime khamber
herein the chamber defines first, second and third openings such that

%‘W&f‘e passes through the first and second openings, and the third

opening is an Inlet port to admit aﬁgs or a gas ,mixtur% an dtngn% erg%ﬁpﬁsm a
source includdBie" SPRAGIE SR SlL TS BRHIAIN “SGIFOIRtInG e =9
wike e db eonfiguren wiktitewiirestd speh Brarubs laeRrindite FedyesiRreR e in the
chamheraceoreing paupoirnithaaied to the one or more electrodes. 9.

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

defines an outlgt PRERIRG R ithespitersleapinggysteriadditorabi the

com é@i@r%s%uvgﬁn%@ pump communicating withat least the gptiet one

openingto reduce pressure in the chamber to less than about one
atme fe. 10. The wire cleaning system according to claim 9, wherein
the

11. The wire cleaning system according to claim 8, wherein the potential_
applied to the one or more electrodes Is one of a direct current potential or an
alternating current potential, and the one or more electrodes are arranged inside of the

" chamber with a predetermined gap between the one or more electrodes and the wire.

12. The wire cleaning system according to claim 11, wherein each of the

one or more electrodes has a dielectric surface coating thereon.

13. The wire clegning system according to claim 8, wherein the chamber
is made of a dielectric material and the one or more electrodes are arranged ajong an

outside surface of the chamber.

14, The wire cleaning system according to claim 13, wherein the energy

source comprises:

a further electrode extending along a direction parallel to an axis
of the wire and adjacent to the wire such that a majority of alternating current
generated by the plasma discharge conducts through the further electrode.



reduced pressure in the chamber is between about 100 mtorr and about
one atmosphere. 11. The wire cleaning system according to claim 8,
wherein the potential applied to the one or more electrodes Is one of a
direct current potential or an alternatér%g current potential, and the one or
more electrodes are arranged inside of the chamber with a predetermined
gap between the one or more electrodes and the wire. 12. The wire
cleaning system according to claim 11, wherein each of the one or more
electrodes higs & H‘i‘e‘l’é&‘fréﬂﬁ&c@’ %tﬁ%ﬁﬁcﬂféi%w Y3 e WiRE G BaHIng
oSYBEIThaEsqIding b0 tainv@niidiemitiat sodirembe risnpddastraetizigctric

aMaderial,andsthg.one or more electrodes are arranged along an outside
surface of the chamber. 14. The wire cleaning system according to claim

13, wnerein 4 SRS SUIER FORAeS: 8 e GIPclOA@NAGiDdharber
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ficis elneireceoh duetngmoanshttivetifdiaeslegtiogs. *D.tsiﬁfst tPr?@WiFé gas or a gas
relganing,system according to claim 11, wherein an oscillation frequency of

the potential applied to the one or more electrodes is at least about 5
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includes at least one plasma jet device supplied with a plasma gas and
disposed in the cHembes defaimpystame Wi dgginerii Hsifingiyeach
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asma discharge to remove contaminants from the wire as the wire
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claim 16, wherein the at” least one plasma je qewce includes a Iurall'%/ of
ie%&m%@tﬁ&&iﬂd@%%%%d@ﬂ”des a p!ura 1ty o plasma jet devices arrange

circumferentially around the wire.

19. The wire cleaning system according to claim 11, wherein an
oscillation frequency of the potential applied to the one or more elactrodes is a
radio frequency or a microwave frequency.

20. A wire bonding machine comprising:

a wire bonding tooi configured to receive a wire to be bonded to 8

jocation; and

a wire cleaning system for cleaning the wire prior to the wire being
bonded to the location, the wire cleaning system including: (1) a chamber through
which the wire extends prior to the wire being bonded to the location, and (2) an
energy source for removing coﬁtamination from the wire in the chamber prior 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:



circumferentially around the wire. 19. The wire cleaning system according
to claim 11, wherein an oscillation frequency of the potential applied to
the one or more electrodes 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 b"o%ge"d 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 including: (1) a chamber ‘tﬁrough
which the wifeSeaEBABHBHRR FR SN BAREEAS e TSR T8 Rg v een
th) BAd BABIE p R0l ceefosrrarmniintp cantdeninadidhefrontdtisd weira thofhide
<fhamper prior to the wire being bonded to the location. 21. A method of
bonding a wire between a conductive pad of a semiconductor device and

- aconductive,pad of 3 suhstiaig,dog methedcamprisingrthe: stansativdar

removina contamination from the ereﬁprlor to bonding the wire between

4REE HEPPALFBY s S OB AHERYSF Hevice and the conductive pad of
the substrate; and bonding the wire between thefcorl)‘ductive ad oI th%te of:
semiconductet- JERCREHIRF RS v BAd b the SLELHRIE T e gep oF
method according to claim 21, further comprising the step of: cooling the
wire to comperRYBEctiGr HER T GBI RRBSHd Vol RENH O e F@Fﬁo‘iﬂH@egté\ﬁ.the
dohie Btethod according to claim 21, further comprising the step of:
providing a reducing gas in a vicinity of the wire to reduce the potential of
recontaminatign oféhestitel aftesithegrembvimgesteprid4r Theprigthnthe step of:
according to claim 21, wherein the removing step includes removing
contaminatiopfaahihe wireckgingaileastiong of thplasma discharye
eaning, R RICLIGNLARISSIR SRl 0 P0R Jrgnlag o 1) plasma jet

arge cleaning.
24. The method according to claim 21, wherein the removing step
includes removing contamination from the wire using at least one of 1) plasma
discharge cleaning, Ii) ultraviolet light emissions and ozone cleaning or iii) plasma jet

discharge cleaning.



