- 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

[ 0003) Aut omatic wire bopders t l.oy. £0O o
0GRt 1 SR aPPRERSIN SRS HEStrenba Y- Drt .t%ﬁ'ﬁgﬁf"ﬁﬁ&:
11/608660, 718 maeth4312 2008, 44e assegisad whishikaut inskeporatier ByEina

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,
[06®AE anm NpRtemt inventar eates ©f a sisterniorelaminddegieanes
pri

bond : Lk _ .
RGO dchen e ghen e

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 -
[ORBEE oV er AUDEEHASEIRESRB HEH ATFRIEY IR BeTEomipR e known

ank WREIBRM TN UBA PSRN NbE, GUZHT, ALCap 428 J46hstigredip Kelicke

o R A o i S Bt bt 0,
enabie eofnpetjoe nt wire pitasemsstionsay/ eh snesdn iTM@ic@}y, the fine wire
used to make such 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



the capillary. (0004) Sem conductor devices (e.qg.,

di screte devices such as dies and chips, VLS

devi ces, etc.) are becom ng nore dense and are

enpl oyi ng a greater nunber of |ead out pads (i.e.,

el ectrodes of the VLSI devices) that nust be wire
bonded to | ead connections on carriers or packages.
That is the wire bonding ingludes ball bonding of the

fine wwre to the | ead out Fd of the sem Eonductor
deyiey rkbbardingodfiihe fge srrertAdhe [cAd coieetiqns opHBe paIEges or packages.

AsCaQ %ﬁﬁto'f@ﬁbsmgfb bdCe OAVikdsCHR RAd Bétcffa'ﬂg efd tHS1cad leBitbctions are
he nmore dense devices, the | ead out pads and the

be¢cemdg soalfecandansuey eotsembwiion instha bprds prediiged by 9‘\9(!1#11 bonding
e. b ogdu
e BN et o ey Pl B 61, Yt hind Brbbiem, Furter,
coﬂmgmaﬁmc ahthe pricbhgnalsd-intérfees witb oint bali foerhatam ppbcesh@esulting in
ngyuals interfere with the ball formation
““BP%%@E all SE&§#PPng in i nconsistent ball sizel shape.
[ 0005] Al t hough traditionally gold has been the
mat eri al of choice for the bonding wire, the ?é%g
[0005hper bAHBYeG trdidonallygeeldnkas heatathe) materiah of hglcrgfor the
boMﬂL% KGreI ety etotfeco ftﬁﬁ@m@w&@%@%ﬂ‘ﬁéﬂrﬁe’c&@ 4SHakhdng. Unlike
cont am hat e per oxide These oxi des adversely
gokif ﬂecsurfmeofbmnpbrfmrmtusmilyaqontanrlmte@hﬂ cappeb i derodbiese oxides
6 rovide a system
ad&ﬁﬁgﬁéiﬁ %b# I'e U@Fﬁﬁfgg%?gﬁgﬁﬁ gﬁpof wi re bonds.
SUWARY OF THE INVENTION [0007]Accord|ng to an aspect
sent ntian, there provi ded a w.r .
m@“bam ng E% fte‘?ﬁ"ﬁ?Y]S% &P%l‘t'aék? %Pcrﬂ“ge qisyLem 8‘H@ Mgrod f6r reducing
coﬁfﬁrﬁﬁiaﬁ@n bokir€b&aAWI Ng wire configured to be
W rebonded, the wire cleaning systemincludes a
chanber, positioned between a wire spool |ocation on
the wire bondi ngaghiRe Gindpa ReEdingN ool of the
wi re bonding machine, through which a wire configured
to be wirebonded extends prior to the wire being
["nggﬁ]nﬂg*d‘%%ﬁ ng rt(g gmn t%n eercpgf fohg lf)l}gsgﬁt ﬁ(f%ﬂ%lﬁgot\ﬁ&%% grovtlded a wire
clehiifg Wist@n h&egj@te&\mﬁmbowde dion(ﬂlﬁQ aBkiNae (ﬁorchlemglrtgowlm‘l cxtrhi‘gnred to
aspect. Qf the present inventjqn, there is
be RRRBOBSH g LTI B PEHE SoPEr BONHPTY obren a wire
spéPNbdafibh @ he WiRkCBbitEn@nmtife taAd REebdianiedol of the wire bonding
| ocation; and a wire cleaning systemfor cleaning the

maghing thrueh vhich pavitg ¢enfisareagodnuisebopded B GAIT d the wire
be&ﬁ%ﬁ@bﬁrﬁi\lﬁi %ﬁ%%ﬂeﬁ L&D KRG d[ggﬁﬁg cér%ﬁmﬁaﬁ&@ﬂaﬁ the wire in the

roug t he re exten prror to the wre
chdyehien grior 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



2a bonded to the location, the chanber being

positi oned between a wire spool location on the wire

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

energy source for renoving contam nation fromthe

wire in the chanber prior to the wire being bonded to

the location. [0009] Accordi,ng to yet. another aspect

of the present invention, ffere is provi ded a net hod
borRREd RODAI1D&ti8n Whé %hﬁﬁbé@ﬁﬁﬂlgﬁadéﬁﬁﬂb@bdzm%rpadvmﬁ spdol location on

sem conduct or device and a conductive pad of a :
the swilhs bprdies maghingeandgiie cip PPRIIAY t‘i"ﬂea%‘{) fpsarpFmergy source for

dided to

ol R AT 0l R Lt Rt o i e
the$@mia@onduct or devi ce and the conductive pad of the

substrate using a contam nation renoval system
. integrated with a wire bonding machine, the ,

[0069Nt ani NaddoRting RIFRY ahotbytsikgsrt bibt prtisery iaventionigare is provided
positi oned between a wi.re spogl Ioc i on .on

a msgedi A Ponsian Breraheaeh B RAHGHY LRI Yrd %%C%dfit‘é}o" 8 and a

corrkaﬁ&fve ? adBGhiaNGubsthiR, Whe em@fhb@”@’(bﬂ?}ﬁ"ls‘ir%f Q@ hstéﬂ@e of: removing
mber prior to being wrebonded L.

contromidating frove thei wise baondedanding theoniaribeveen Tﬁﬁ&m&ff“‘*tlﬂfepd of the

seng kB OE HEV B p P e BB I B PGP0 Eiftamination
renfo90IL OsAint hareiglaed heith mveitt itonding midhirst that eehtamigation removal

Syg%g%géﬁl HPF@’?ﬂ gle r}l%IH'E) %M rﬁ?&lﬁl%’g%iﬁ E%g‘]%%% :aowr? %8‘Eéfd ?({catl%n on the wire

borldhr? t@shitPatd& bediak isol STa wiBdionding mahinepithe wire extending
fications may be-nade in the details within the

threyighplee chanbewiis t‘é@‘é&&iﬁ‘r’ﬁ?@ﬁ@@“&f the claims and"
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 follow 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 nay be bonded by wire
bonder 100 in accordance with an exenpl ary enbodi nent
of the present invention; Fig. 3is a

schematic view illustrating-a conpensation unit 190

in accordance with an exenplary enbodi ment of .the
present invention; Fig. 4is a

schematic view illustratin lof SRETRERiESIducttr davite andr

195 ﬁmdmeéhﬁwﬁﬁé’étwet”ﬁﬁiﬁprgl%eg En’pilglear%yo embodi nent of the '
the b be baVSrtheGbstrate, Fig. 5is a
~schematic viewillustrating a cleaning unit 300 in

accor dance w tg%%gp%gwm@mdjmmesf t he

present invent] ~ Fig. 6is a :
‘ schematic view illustrating. ano | Wi i réfiPence
[ooaDplaccorAldnosgh fa 'ﬁv%rﬁ'%&'ﬂﬁ?t&%%?fs g’fﬁ[)%%cﬁegé}at f‘ thr:% eails
‘o %reﬁﬁi@ tpbAMRREd, @R invention is not intended & beylrmgecg o the detai
chematic view i Ié-&fg{?ﬁ\; .'Ln%g bEGhadeN tiedetaiisoaitiin ghastope and
sha00 Rathale YBPUEEEWIAR an éxer IaH/ e#%ﬁ%é"ﬁ%n&fn.the
raride &% @flivalame of itienclaims and without depapting e o
~ schematic. viewillustrating yet another cleanin iuni t
[Dgg&l N agGoLdanss,Mithik, accoedieyis cmymenpEatishe S YA %t he

ent I nventl on;

: d . geloi trary, the dimémisibns 9f the
feaiuss o6 et rEViREER™S PP EFAT r? a th%tc Ona‘ﬁao her

g. I | eani
vaHJf;ﬁé fﬁZQ)Q'esi A agbinadBraxpanded wrapg@%fp&cgwy.-efp&@%g% the
of the eégjg in ?EF .on.
drayinag E@%Ii" ‘gl‘gli %: THE | NVENTI ON [ 0012] I n the

figures i ke nuneral s repr ) L HdHRRism of a wire

[ 0013] As Figséds ﬁéﬁ@?‘ﬁ?t'ct%%' ﬁ@%&éﬁgh&?jﬁgg%l S, | nt %1%'60'
oo el BEEcchRARMb &1 ExeoipiaTe eoTpoHivRRd OO ARV E hat

'S used i n connection with an energy so_ur,cedagz%oa 4 substrate

wire. The.chg ‘ Yo SiaR VRS Bdeenicomidticior dig an _

i ntegral %ﬁ-ﬁg%%ﬁ@%bﬁéggr 'a’ndé% ! eﬁgg}}cgw;@, Hondipry
21mthat meay Herkondege by WK R "EHanber .” The chamber may at
B%E@Eﬁ&ﬁﬂ@sﬁﬂhabl'éﬂseﬁﬂm}vmnt he wire which passes through

e chanber or the chanber nay be any structure used

i n connecLi on,_w Bc GRATIHNELSEHY agompensakipy anit 190 in
cont am narft'?'gls}%r %érpr']ebﬁ i

e wre, f Rionk ructure
ataordeaick @i dni giemAans FMRRITF 88&3 ﬁ%@% gﬁ? ener gy
~source towards a wire, a structure to,facilit it i
pl asma di sighaisge stheoatia viswaibustraiig GRATGe XN er“%%ﬁ"" unit 195 in
sour ce, d/ o Hokfndr® of i predemt evehdenia | et
et g ToR AT Y

oma plasma jet energy source,

Fig.5isa schematic view ilmstrating 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. 81is a schematic view illustrating yet another cleaning unit 600 in

accordance with an axemplary embodiment of the present invention; and



anong ot hersl.l [0014] As used herein, the terns
contam nant” and 'contam nation” are intended to
refer- to any undesirabl e substance present on a

bonding wire. For exanple, such contam nants include
| ubricants, organic contanfiants, inorganic

contam nants, oxides, etc. [00151As used herei n,‘ t he
termsubstrate refers to any structure to which a

seni conductor deviCechfew il rafg dtAet ek tmit 700
not linit eg % pri ntg circuit bg{gda% S nr"grres )

accor@Eipoe wigt an e%@@l@'y%“tl?g%e%é}rf SR PrEPHE TP

sem conduct or device refers to any of a nunber of
devi ces i ncl QQFMEBWLI@N@FWEB@NEM%OHdUCt or
chi ps, VLSI devices, integrated circuits, etc., and

ot h r e t t
o rﬁl?ﬁﬁgl 2pf2e Wixk@fé%@nﬁtdﬁ.d to
[ @%stratq M% lli use F?ergl ne .

t he term conduc
pad refers to any contact, tive

[Oﬂlrﬁ]egr atAsdisad herghy ths tarm e @g%ghgtﬂ%e?ﬁ Eé \?/tf%eierotro any structure

enrﬁéﬁl@ﬁ tok atrantise M2k Ghusad W canriestipontie dn eergy SPASe @gga wire. The

B eléxga tk%ge %P%rrar%ﬁ ) Egée ?rgcun%f/égwftﬁf hekifebbAdgtN ol BRirgYle, a

con am nan

bolwlmg‘;‘tooEmamcmdy sgtﬂea glyargwr cHe RETPRInaY a %%Pst pa%ighy enclose
thé -P‘\:r E@F:o l%&’é.@%ﬁiﬁuﬁ\ fehdhgdee Bﬁt?@)chsmbecmﬁy dp any structure used
in eqneegiPnayth the e%e;gy%gsgc%)éo SQUEGE cor®Minudt ASMBNE Qire, 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.



- 5 - [0019]Fig. 1 is a schematic viewillustrating a
supply nmechanismof a wire bonder 100 according to an
exenpl ary enbodi nent of the present invention.
[0020]Fig. 2 is a partial top plan view of a
sem conductor die 200 and-substrate 210 that nmay be
bonded by wire bonder 100. [0021] As shown in Figs. 1
and 2, wire bonder 100 may be adapted to accept a
renmovabl e spool 110 of bo
[oa1sdl ude Fig- éul@éﬁﬁlé?matgo‘"e‘%ﬂ%&{% ?%”e””%pﬁ'e%%éﬁ%fnﬁ oe
borldBF Lod Qccgrdmmméxm‘m@mwmt RBthereser8 gYSNURD,
5001 600 or 700), a tensioner 160, a wire clanp 170,

[0%3: ﬁ;tg%% :fs ng:!\}és‘tlﬁ Bp FJIEE Q)emﬁ&\/d Sefnibdt@uctoh aisrop smd substrate

not shown), a w re bonding
21uﬁmknm8@ei@néa®§?WWé3°PF%fn’s°§ort unit (not shown), and

a conpensation unit 190 or 195. Renobvable spool 110

[oﬁ Opondl;(ggghwﬁan ERR. akhorswire Hapgsryl08fmaB0PRIRdRPISH togccept a
hat s ,spool bth S e @ilvertdiOL 300 ab @ir guide

"e'”%??ﬁ‘ﬁ espRol 10 % H§QIH$I%% EﬁéTH-}é e

t 6ol It
140, & clearingeudid (8- g.a ope @gmqﬁ%omt‘eqmrtgeu ts% gné‘? drS%r@b&&p or, 700),

ten%ko%@lniag AUk §Ia§$ojz70499 clebfH2, ﬂaﬁ@OofthFm@)awce {(not shown) ,
onpen nsation uni

boaqhagﬂ:poimvm?ﬁgwft éngt 5 Oa\ﬂ’\é '?vlisre b%ﬁaégg&gEBé@sut@GQteV’idr@port

wre fine % Eg of
unﬁﬂHéMoﬁnﬁla&ﬁ”&i mm;be@sst!cmhgnt M):rrjl@S( @e@‘nova 85ReA

bDfl%ng B\férﬁ &E@al!g\ﬁg 2ot gﬁi\j % 3 Ebﬁ‘cﬁné Qirdi B e Lo Iiﬁsmteﬁcwburiﬁ%movabie

spb@thﬂ@ép. bg §gg;3j@t:{ tﬁ e ké)gngmgftocggl%o e%th ver) ersl% pgglgg %QO a

5 eRQed. %é SadorafriEahing Rmit? 300,0100s ﬁb@tﬁ{)&t% 7@%
Awre

Vcomp@a tiqg ugit1o 3%'5”%6(8*311%-0%6% nd Wgr@%t?o ﬁfo" emfc is, bonding

wilreﬂlﬁgbf&l fiye srmjha\ew Bty 'B%ﬁw‘iﬂ‘él’ 1984y e“ 5 and 100
%ﬁﬁg %E%ubﬂaeﬁ RE witd !ﬁmﬁﬁ:@dbcﬁlgsp&Mbdrﬂtr@rmﬂldr&dmeoftmndmg wire

149 a | rres ondin
sqcawoé;%tﬁ%egglleagoﬁ&a&, 3# 8{‘3 S pr?@é#\dﬂ&or e 2033%91dtc9 ponding

The contam nants (and
cBd ESrRiealng 240 WIstipsttdtalzlg. al | of the contani nants) on

the surface of bonding wire 120 prior to bonding wire
rddts ]enty eg:\mewesﬁm QRAi(29, onelor il of 8628 DLvier 108, 400, 500,

d
) p;e;rt?a) (yn:gfr I@éﬁ%\l’é%ﬁgl\yaxﬁpgntgzg Bgﬁmn%l In{:!Src{dDo%dqfna)b ge gisB&sed in the

ward wre

wir@@bndifg patfﬁ%ﬁehmédiam o rgmouiabld depohii0 ped mrg\;apa@ag Fcﬁ)! P80 to
: r%q?yéqu%éeqsgg%g&tw o'}%g& QD ek MHANS: (Whé Ere‘?é#ﬂﬁ!'y)’sdb@tamﬁlﬁr aHl of the

reover, tensioner .
centemmahssnon tie gm@ac@rqﬁ]bﬁ@@n%w@ 2 (ﬂnof ghl%qngw vg?c'e % é{ntermg

w1rerb%hgﬁgﬂgﬂ»d'!§8 20 during predeterm ned tinmefranmes of a

e. Wre cI anp 170 may reieasably clanp
bonding wire 12

f ire
[fpz3l bond?\"l’ﬁ"‘ci=r g?o T§@5 b\ﬁ‘degﬂa dhghl%eeg dﬁﬂ&tﬁﬁ\be b%%ncgrltgn\:ir
ltzﬁe}oni%ovtablewpp" MOUDWGTWIW\P?@"E@O :I‘ﬁ’cbu ﬁ\ﬁr
jﬁ,ﬁn d 'ynﬁ%r%%de& £9e @sﬂﬂé 9rsn{datkbﬁ&ﬁ&nﬂﬁﬁkﬂlsﬁgrmm‘yﬂmlfe

second hon [ de.
bonding toof 180. Moreover, tensmner 160 may su% iya coq'l)stan?‘, p';@-

determined amount of tension to bonding wire 120 during predetermined

timeframes of a wire bond cycle. Wire clamp 170 may releasably clamp bonding
wire 120 and may be configured to move with wire bonding 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.



- 6 - [0024]Bonding wire 120 may be fornmed from for
exanpl e, gold, gold alloy, copper, copper alloy,

al umi num or al um num al | oy, anong ot hers.. Further,

| ubricant may be coated over the surface of bonding
wire 120 prior to being spgooled to prevent bondi ng
wre 120 fromsticking with itself on renovabl e spool
110. That is, if the lubricant were not present,

atoms in bonding wre 12Q fr e 8 Stioy,
[0024] r enoRaIING €D oEY Tfﬁjb QLSRN f&r%RQHnBQ 8§ @,r@im! oy

That are 1 h close X
copPEYcdp8 &dalfoQ, ﬂnm;mbh@nmm Ry BH\?B? ﬁ’e“?\ﬁ; g %/!;“b"lca"t :
)P A emaﬂ Sﬁ% %‘B\dbéh@ﬁﬁﬁvﬁ@@t{)’ pﬁbmmang épbelequz)preyent
oo ?8% 5 Lo wre bond Q 111%) thatls if the
bonam@mblmtfm ssiepgs Wity iU SRAE %fSPPﬁ ’
Iubﬁcﬂ%ﬁﬂ&‘e%t !pl'ésléﬁtt raﬂin@ﬁmlbbnailng wite, 129 fpgmqvgl[hqp@fng segments on

| St 0 AR LAPLAtRE]
- remonaile BRRP! A agerl Qs P Con}‘c? may Sorld%o ing

t h
: bon*as?@dm:ﬁglmmrymameiahr@hmﬂtwdggﬁiyﬁgémg& %’;}e sggﬁg of bondmg
wzr%#g&gkywﬁgggﬁc{iﬁgg%l {40 diverter 130, air guide 140

I ng uni 400 500 600 or 700, conpensation
unit 190 or 195, tensioner AR Btisd aquara’ltza')m Fig.
[oGRRI w1 dn Bomep Aok & g Sispan hlcqu

1, @ﬁartltxflasc@lﬂiﬁgmﬁabm arehowit hovegyeprit lfggm;ega 8‘?/?}3’5 ghy ﬁ{lml;er of
4 Bgﬁd??x@;{uﬂphﬁm%l:%mnm@itu Bbine (o6 al) of bonding

ot onfigu s

su%&gpﬁﬁgiﬂ%ér :\)ﬁvee?tgll' A g‘fnrl -afL}Sﬁ%ﬁﬁ Jc.)é?qﬁ gl“'eggmg%gﬂ 30@090(9 'soo, 600

ent | nven | %n
or 17&9 | c.ldq‘ﬁé?lééﬁﬁh QHE 18010 dBH&Ehsﬁom&rdlﬁereﬁ@Bsabkg clegm ¥ an wire

bo@ﬁhvggpqoéilsql}sreay B? Pll:g) %{ég%g io é&”'uftcon{pQQQa@Mluhhqag far 195 is

i ng unj
pré&iedORt inBtranged dpl\l\eairmﬁatg Oﬁmetcgea:gw uqﬁ)g oréaér% & cdleaning
ungagém ﬁ'ﬁd 7 %M@OO}GQLA&{EE itlid usérrthated!etpmquet inmergnon

f1c”seduenti al LBt &fnddnadt it.
inghries YRS QFRDGABERS ¢ [\%Hﬁ %flea*ﬁ Eggry For ex%emp éon o
the wire cleaning unit (e.g., one or nor ani

rosnist s 30@khalQD, diGHTEr legoal@gmqlgé)@o,ntgﬁ gl'ggwg;e tgqa;giéfnr :\ore
of n gt?% o€ 586 tabRaR o) Cardarnsionertielard Bos o be in
a ﬁ;%&agﬂ% I:ll-ﬁolf) g:];m?rﬁgid%ad?thmﬁ% oradk :Sthéﬁ@H\%onents may

rior to bondin

eﬁﬂr r ?oﬂé@n@i& ehd Mgrevienrinpontli(ag- {6 or pagre of glsagpiLs 300,
ondi n

400,580 c')rl 0%} gli;'aaz(l% (g’r? dat@»gﬁ h:'sb@feh( ah@@hére%tvﬁe:enmda bonding
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That is, wre bonding tool 180 may be adapted to
accept bonding wire 120 fromthe renovabl e spool 110
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and the reducing gas or noble gas. [0034] Conditi oning
unit 820 may include a separate outlet port 850 for
renoving (e.g., purging) the reducing gas or noble
gas, although first and second openi ngs 860 and 870
may serve as outlet portsé8&-or renoving the reducing
gas or noble gas from chanber 880. [0035] The
conditioning unit 820 may be coupled by a further
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removed from the surface of bonding wire 120 from recontaminating with
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with the contamination removed by the wire cleaning unit (e.g., one or more of



cl eaning units 300, 400, 500, 600 or 700),
substantially reducing the potential for
recontam nation of the bonding wire 120.
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cl eaned i'n accordance with

deahBO4QIRBORI400n ORI & APy E@bg s&%s arB:ia 1g¥eed&%in e
potdn@a5Ee Fécﬁﬁ@%ﬁ‘aﬁdﬁ%f\ﬁhé porgireanira2@ini t (e.g., one or
nor e

cl eaning units 300, 400, 500, 600 or 700) the .
cont am nant s Lrra8d irotihe 13-4 are
[Dﬂé‘aﬂlt ani ﬁﬁﬁ'f’?ﬁ'éag'ﬁﬁ ut,%tg E%br %gﬂg%@%ﬁm bond |:%g( lgm@r!gw%gcﬁy [e
exeﬁ@wmmyreormt@natwsra@d@Fﬂ%efc?fmﬂgﬁ%Pm; )
I 48 fdr @Bolligi iondimd vo ngeéder at i on
forCEdta{r%g(ggL) %_;e dogtgm}ﬂ ?I gsma di scharge unit 400 (Fig.
accgidaneg Wigh E‘T“—‘e%fﬁ?

(I)(Flg 7), wre cleaning
unit 600 (Fig. 8), and/or a- Fl asna

[oﬂm (Fi g{efé})rmg anyig FgshzPs 2 Peiing T‘—’i"e&z@ b3 gslgg WBugnise
" wird }g?ﬁ{ﬁn%hﬁ t¥h 8 dHa' d#Fhdralof Biganthg enitd mﬂﬁ@, ), 60800700)

? b Eﬂbt . vt\narg: oprpe'?qgﬁ fjr\%nts) on the surface of
.the[@otﬁzf}lF@Ttél(? Enéh? BRI 8BS WT e cl eani n r}zﬂ% 30@
bo.QﬁngCﬂrﬂé it 9ol bR rdntovad by pne ar Mok ef %S‘RIFE'Ba‘%’IbO 3

t b piastriagigc ar9°

hglg’tg%n?lisgs%q%gl‘ar% Séogﬁer g{erea(tgnz dnit 300 k—Pg% Egl » a;)@g; gy
unmmoamnaec@u,ame@@ﬂ@m WG FP% é?' g ‘%"{eol '“ﬂ] &P |

t her eby

avi ol e
ankj A Blpissieet BREhdrie utik Vo@D Bt ampyhethafid t he
g)nerat ed ozone interact with contam nants on the

[ﬂspﬁgl 28%0Pﬁ aF ondi Is fc‘?nehzﬂustﬂtﬁlg@ﬂ&f @aanimgparit 300 thpt may be

|ono emtted ultraviolet |ight and
usbhwitgeﬂmla:trédl‘ éﬁ@)ne subst antially disassociates
(i.e., substantially renoves) the cont ami nati on

f
&d}ﬁ surf @@%rﬁﬁg borgi m,gmm qleanlrOunif W@FV\PF’ go@g@g# t‘ﬁgaccept a

uni £ 300 i.n hawuvngisi rmghtanurce 310
lighs EYHEE B ﬂ%(?f’&%g %@%’ﬂ Sk gtgﬁ ie&ﬁt bon }?r\mth mitted
md Qemycepﬂsse baseggreTT E“F%%Ct‘é?ﬁ & 3" 865 VE?%%

oot 9% e#n AHiehe BRQviokh Agiand3Re gmwaﬂ@é cegpenaipract with

reflectiv | I 320y FRY
cwmwhma@tsamrﬁ"@ e BB TG Ry [ e e ggty o
SHbRATR 6fmsé eftredigapbRt _k;gh*t@mri &g penerafat gpqny Yibstantaly

I ncl ude u Sy $HeQ@hsanfihdtonEroph Hid sugface of
dﬁF%SRQFtES? 0 S ) nt% i‘zyé}hﬁ'%d) al | oys thereof. Further,
bShkity wiekl1edt i ve rrat erials could be covered by a

protective layer (e.g., glass). The reflectivity of
[ 5331 nsi dgyefcehmgieit S0nasinglues erchpinberats\eavingofraiand

. sgépe"ﬁﬂrﬁ%réﬁ‘“év%rﬁgo %gg@% %cljwl“lcﬂétt bc;?xggl ;@Ve mft%(ﬁtr e baém;]c%l@a é"lrst and
s3édhdapenifBy 380 ahd G40 aﬁcrmmt}eéﬁzg.oppargég 3t TBEM 8% q ﬁ;@ from &
h%ﬁy @ftéEtheemg{egg] W b Ao & Rabhedy 8d0de Zhayhyasfiective @naterial on
an inside surface thereof. Exemplary reflective materia!s include aluminum, stainiess

- steel, chrome piating, nickel, nickel plating, and alloys thereof. Further, such refiective
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 outlet port 360 to purge the gas mixture from within chamber 320, The gas



m xture that may be provided to chanber 320 nay
i ncl ude nol ecul ar oxygen in a range of about 0%to
50% by weight relative to a weight of the gas
m xture. [0044] Qutlet port 360 may include first and
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entering these openings. [0049]Fig. 6 is a schematic

view illustrating another wire cleaning unit 400 that

may be used in wire bonder 100. [0050] Referring to

Fig. 6, wire cleaning unit 400 may be configured to
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a predeterm ned gap between the .one or nore

el ectrodes 410 and bonding wire 120. Such a gap may

be predeterm ned based on the process gas sel ected

and the pressure of the process gas. For exanple, the

hi gher the process gas pregsure, the smaller the

predeterm ned gap. [0054] The process gas may be, for

exanple, i) air, ii) a gas conprising helium

ni trogen, argon and/or oxygen, iii) a gas.mxture .
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]?gtgsosvf) » gas ey, B entifhhdWa bhSHSe QRAR! fFS 460 for removing the
process gases, although first and second openings 430 and 440 may serve as gutlet

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 -



[ 0058] Moreover, a potential of the plasma el ectrodes
410 and the bonding wire 120 may be controlled to
control an interval and/or an intensity of the plasna
di scharge in chanber 420. It is contenplated that the

potential of the plasma eligctrodes 410 and the

bonding wire 120 may be controlled in different

periods to control plasma discharge, and in other

periods, for exanple, to allow for_testing such,a
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500 and 600 that may be used in wire bonder 100.

[oD61] 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 glectric
discharge, preferably at a frequency above about 5 kHz, and such AC discharge may
also be, for example, in the radio ot microwave frequency ranges.

[0062] 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 eiectrodes 510 circumferentially surrounding bonding wire 120 and
configured with bonding wire 120 to generate plasma dzschargas in chamber 520
according to potentials applied to the plurality of electrodes 510 and/or bonding wire
120.



di sassociates (i.e., substantially renoves)

contanmination fromthe surface of bonding wire 120.

[ 006430ne or nore el ectrodes 510 nay be arranged

either inside or outside of chanber 520 with a

predet erm ned gap betvveen_Pge_ one or nore el ectrodes

510 and bonding wre 120. 065] The process gas may

be i) air, ii) a gas conprising helium nitrogen,

argon and/or oxygen, iii) a gas mxture conprising
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chik@fimaniss enabl ed at | ower voltages. That is, as the

pressure in chanber 520 is reduced, the onset of
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I S SR
r&we of ebodpta0ontam @p@ﬁphgn%mosphem. n one preferred embodiment, the
prassure in the chamber is between about 50 torr and about cne atmosphere. By
reducing pressure in chamber 520 below one atmosphere, generation of a plasma is
enabled at iower 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 apening 530, second opening 540 and/or separate outiet port
560 to a vacuum generator 570 {e.g., a vacuum pump of 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



- 15 - would establish an equilibriumpressure in
chanber 520 at a val ue bel ow about one at nosphere. In
such an enbodinent, it is clear that although Fig. 7
illustrates gas | eaving openi ngs 530 and 540
(illustrated using directiofal arrows), gas may be -
-entering these openings. [0069] Moreover, a potentia
of the electrodes 510 and the bonding wire 120 may be
controlled to control an interval and/or an |nten5|t¥
wefid esteblish as reguitipsienaresuraninchamber 540, 2 yalug gelow about one
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[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 plasma jets 705 to bonding wire

120, conductivity test neasurenents and ot her

measurenents of bonding w ge-120 may be conduct ed,

when, for exanple, the plasma jet pulses are not

i mpi ngi ng on bonding wire 120. Thus, these
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range of about 100 ntorr to about one atnosphere. By
reduci ng pressure in chanber 750 bel ow about one
at nosphere, generation of a plasma is enabl ed at
| oner voltages. That is, as the pressure in the
chanber is reduced, the onget- of plasma di scharge
.occurs at correspondingly | ower voltages. Chanber 750
may be coupled by first opening 720, second openi ng
730 and/or separate outlet port 760 to a vacuum
[0§&hkr at okt iypEigrablg thaté°ﬂ/‘é§’&l98ﬁ?‘b‘€ﬂ?ﬁ‘*‘b?“°é{ beaing Mine: tite process
gat 86 EGRiIxtE opﬁﬁﬁ§¢&ﬁn lafgoh aeienh anbr hardges So Hrasysnelate

t is nerat.ar 770 may

xR Ah PR Eirineae S s RS o g 70,

second opening 730 or separate outlet port 760 to
[0pE8Lice t BearpbarsiSGreay nclfa mssparagpottist Ped s SCHahreayine the
pr&féﬁs B4R SAHHRLEN ifP ARPLERAI VheAMEE7 I ASTR3] By GeMieCRDUIEE

épbe arranged insi de of %E?n?ﬁa 750 with a

p°B:F e%fé'ﬁ Ming dbe 5%988%&%% ORUH & one or nore

pl asma jet devices 710 and bonding wre 120.
[0p@eB1] Al Chalbrr ASAoTpy as ﬁﬁlﬂgeffecﬂ@\ﬂp@é%e 21 B regused ReRRpUre In a
: raﬁd'é cgftb%o@?(:?dmjn?&ryt@m LAE Bimbslﬂh'éﬁet rW a%dud::ﬂg pie@sur8.i m chamber

nober of spaced apart as
TSR GFRRICE PRe PENPGFE, PATPTE R O/ PR Fr e cae e volges
That e adiherpesarsin the nddmigenis reiutad) the odset of playme disobade

oc:tg.ira al::' Fﬂ'gﬁfﬁgﬁnéiﬁ ?cmewvolﬁgae%t Cg*fgi%bgtr‘] 9§(5Tﬁ1ak% c@g}éiieg %y_ first

["eani
opehios [788.ceechrd ebaning @%W%wa@t? guiatrRoguEdfiorgpvacuum

gela@s%@drrv@oqe&j ad U@ Surbp or ?QEaM\ﬁxh(}i ihadtd theqpessatd Brgamber
er at O ns

di n
79 a3 Tyt Spd PR GRnSe ol i, Ve d51<Bter 270 may
comnigecab@wtth raf) lesystrend. firft0g8Binal 1200 aerend peerpn@g@hpr separate
dg@é’ EOH 788 1 ?e%ug Bl fleserd hedhaR{teFBEd ta/:eggltrraﬁla%moahet 0

ding wres between a sem conductor die and
atmegRifa&ame, it is not linmted thereto. The present
invention is applicable to any of a nunber of
[oo®6i] conddokar miew ipkesiadendevines&d Otreaybiee giiranded ridkide efgchamber

_ 7%&195 gsenmﬂ{ec} ?gﬂﬁ &h of fie drs or 98 Mhd peE8hces 710

t 1 nven een escrlbed primarily in
'afldé?oéi\ﬂlnéﬁ‘”f%l%q eani ng of bondl ng wire, it is not

limted thereto. For exanple, other types of
rop®guct | \Mi:hﬁ@_:tfem'voahlamjbt idevitée7 oardishgwofin the exemplary

EFGIH(BC O,QOI stc%Eeddﬂf gg%s F ngmbeld h@s}at #é;%ﬁ% pl%rﬁé E.Qrd%v;ces may

cont enpl at e |n|t|o
beoprodided Vi ie @reﬁﬂmd dwhabh P@moee ﬁEIUE—‘th\‘i'équr%‘Ef&rPf @ea@nﬁs Wire 120

bPRRGLP UxFRRL HC &ld MBSma EOPCR] ik Ohe blastgeChaRi 718,
systens and techni ques di scl osed herein are not

[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,
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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, 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.



t he energy source including one or nore el ectrodes
circunferentially surrounding the wire and configured
with the wire to generate a plasma discharge in the

- chanber according to a potential applied to the one
or nore el ectrodes." -390 - 9. The wre
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dielectric surface coating t ffY to claim 8, wherein thel&amber
The ‘Wi re9cITé8ﬁY'Wg°‘§iF%q9eﬁs%ég%l ng to claims,
 adMierein the chanber is made of a dielectric material
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out si de ‘%ﬁ%@&% hirlgh 8né BRI cleaning system additionally cppgrising a
wi re cleaning system accordin LR &b retlied SieBsure in the
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‘ € Wre cleaning

a?r¥§ GH.accor ding to claim 11, wherein an oscillation
requency of the potential applied to the one or nore )

el ectrodeg i, abl eRShing9stemackdiding to claim &, wherein the potential

applied to the one or more electrodes is one of a direct current potential or an
a‘ltefnating current potential, and the one or more electroées are arranged inside of the
- chamber with a predetermined gap between the one or more electrodes afid the wire.

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

one or movre glectrodes has a dielectric surface coating thereon.

“13. The wire cleaning system according to claim 8, wherein the chamber
isrr-nade of a dielectric material and the one or more electrodes are arranged along an

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 adjacent to the wire such that a majority of alternating current
generated by thé plasma discharge conducts through the further electrode.
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20. 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
Ibcatibn, the wire cleaning systefn-induding: (1) a chambel; 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 contamination 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:
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Fig. 1
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BONDING WIRE CLEANING UNIT WITH A CHAMBER AND AN ENERGY SOURCE
AND METHOD OF WIRE BONDING USING SUCH CLEANING UNIT

ABSTRACT

The present application describes a wire cleaning system {300, 400, 500, 600,
700) for cleaning wire (120) configured to be wirebonded is provided. The wire
cleaning system (300, 400, 500, 600, 700) includes a chamber through which a
wire (120) configured to be wirebonded extends pribr to the wire being
wirebonded. The wire cieaning system (300, 400, 500, 600, 700) also includes an
energy source for removing contamination from the wire (120) in the chamber

- prior to the wire (120} being wirebonded.

Fig. 1



