-1-SYSTEMS AND METHODS FOR PROCESSING RIBBON AND WIRE IN ULTRASONIC
BONDING SYSTEMS CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application

claims the b Provisional Application No. 61/433,485 filed oné Y é g) 1, the

1
content of Wﬁ?@iﬁs mgcjo%porated herein by reference. FIELD OF THE INV W%ENJ{ 6 ZQ] he present
invention relates to ultrasonic bonding systems, and more particularly, to systems and methods for
processing conductive materials in connection with such ultrasonic bonding systems. BACKGROUND

OF THE INVENTION [0003]In the processing and packaging of devices (e.g., semiconductors, power
packages, solar devices, etc.), ultrasonic bonding-(e:g., wire bonding, ribbon bonding, etc.) continues

to be a widely used rggg_}_ gflmgvﬁqﬂ Q&f%%l 'E@{Eg%ﬁ&ﬂ?{égg%vﬁ %tw&)R%rlrnore locations. For

example, wire bondirig ma INes arg; ons between respective locations
to be electrically interconnected. In certaln exemplary ultrasonic bonding systems, an upper terminal

end of a bonding tool is engageghinsa fsaprsacar £8.6 e traspristigrsducer). The transducer
causes the bonding tool (e.g., a wedge bonding tool, a capillary bonding tool, a ribbon bonding tool,

etc.) to vibrate jggeiting in beudormationheiveenaariian of thewhiaekhrhandiag location (e.g., a

f’oogg P dafh a lead 9t 2 JgadliameSiGaly [P Orkiag: TRCS (€18eofRSSLA A& RQ)ding tool used

reference.
FIELD OF THE INVENTION

[0002] The present invention relates to ultrasonic bonding systems, and more
particularly, to systerms and methods for processing conductive materials in connection

with such ultrasonic bonding systems.
BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of devices (e.g., semiconductors, power
packages, solar devices, etc.), ultrasanic bonding (e.g., wire bonding, ribbon bonding,
etc.) continues to be a widely used method of providing electrical interconnection
between two or more locations. For example, wire bonding machines are used to form
wire interconnections between respective locations to be electrically interconnected. In
certain exemplary ultrasonic bonding systems, an upper terminal end of a bonding tool
is engaged in a transducer (e.g., an ultrasonic transducer). The transducer causes the
bonding tool (e.g., a wedge bonding tool, a capiliary bonding tool, a ribbon bonding
tool, etc.) to vibrate resulting in bond formation between a portion of the wire and a
bonding location (e.q., a bond pad, a lead of a leadframe, etc.).

[0004] The working surface (e.g., face) of the bonding tool used to bond the
conductive material (e.g., the wire or ribbon material) to the bonding locations may
deteriorate over time. For example, conductive material may adhere to the working
surface of the bonding tool. Such adherence of the conductive material may be
particularly problematic in bonding tools having & plurality of protrusions defined by the
working surface (e.g., teeth defined by the working surface of a ribbon bonding tool).
The deterioration of the working surface of the bonding tool resuits in a shortened
useful life of the bonding tool, as well as inconsistent (or inferior) bonds formed using
the bonding tool.

{0005] Thus, it would be desirable to provide improved ultrasonic bonding
systems and methods of using the same.

SUMMARY OF THE INVENTION



conductive material (e.g., the wire or ribbon material) to the bonding locations may deteriorate over
time. For example, conductive material may adher@ to the working surface of the bonding tool. Such
adherence[6ihe jconduceticertiageriah mespbe phtiieupaese ptoblemidtic, inrbotitiagriodisritiving a

plurality Ofﬁ!&gwigr&?odﬁél{b@dmé thewarkipg sedase {@shdtaelis delibes hyctiawarking surface of a
ribbon bonding tool). The deterioration of the workln%surface of tgg bondénrg tool reg,ul,ts in a shortened

useful life HHRSBENARI HERL Rbf S8TAREHERIAE RtERDH BbACSTOHRREULAG T Re bonding tool.
[0005]Thugedinguisishendésiraiitirto previgts ivhphevath tlrtzenie urrisipoystonsrantionethods of

using the same BHMMARY QR T BEMNEDEIQNd o2 2 (ARPI4Gasting tyaeAspeelghiRgresent
invention, an ultrasonic bon(#g% system ,|s§?r£§!1de%g'h%system lncltgja.es: a) a hond head,assembly

carrying arf VAR YR dﬂ)ﬁr B8 S AR a R R B R LSRR S RRatERd) feeding

system forlgbiitiagre leamgth of the conductive material supply to a position proximate the ultrasonic

bonding tool; and d) a vapor generation system for u&;@%%ng& va roximate the yltrasonic bonding
0
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tool, the v 9%diuding ACEHIBP A SANGE RTRRGAM SeHb MR A HY E H B pect of the
present inventibng apstdrerisirasaizd. bdhdisyssystémlisigrovidedoniésydtepsdndiidesrana bond

head assemblycALBARGLBAHEASENIG PARGINELIRRI: M AAN Ui DAL SURRIY RiRqnductive
material feeding structure for guiding a length of a conductive mater_la\l rom t‘be cor(ljdug.tlve material
FN R ST RS

supply to d FEURBAPIOMFRARS SHATG RSB eR & RIS Y SRE RS SV <kem for
supplying anzporiteubehcomducthidom aronintdedinywirasemie berdingptadticindidy a cifier gas and a

lubricating yananadBRAGAGeoriRg SB1yREaANOHRF asRRSIBHENRIFE SRREIAYERLiRNn@ StystelRefor
processing a conductiv? aterial is_é)rowded. T etﬁystgm includes: a conductive material supply; and

a dispenser Yor BRBJRSTHY M SISAL'SHRRIOAND 2 TR oPcaRictive material fed from the conductive
material supplpgyhereinhe, JisRERSELINELERS atjrestPRqfrdadd WaRisperserdardispensing

the silane compound as a vapor; and (b) a liquid djspenser for dispensing the silane compound as a
i, [0OCBTHRSTUTS AT SO S BPdoe e & O RS hfnfEh A e

material supply; and a dispenser for dispensing a silane solution to a length of
conductive material fed from the conductive material supply, wherein the dispenser
includes at ieast one of: (a) a vapor dispenser for dispensing the silane compound as a

vapor; and (b) a liquid dispenser for dispensing the silane compound as a liguid.

[0G0S] There is also disclosed a system for processing a conductive material.
The system includes: a conductive material supply; and a reservoir including a volume
of a silane solution, wherein a length of conductive material from the conductive

material supply is configured to be inserted into the volume of the silane solution.

[06010] According to yet another aspect of the present invention, a method of
processing a conductive material in connection with an ultrasonic bonding system is
provided. The method includes the steps of: providing a length of the conductive
material from a conductive material supply on the ultrasonic bonding system; and
supplying a vapor from a vapor generation system to a portion of the conductive
material on the ultrasonic bonding system, the vapor including a carrier gas and a

lubricating vapor.

[0011] There is also disclosed a method of processing a conductive material.
The method includes the steps of: providing a length of the conductive material fed
from a conductive material supply; and dispensirig a silane solution to the length of the

conductive material fed from the conductive material supply.



The system includes: a conductive material supply; and a reservoir including a volume of a silane
solution, wherein a length of conductive material from the conductive material supply is configured to
be inserted into the volume of the silane sqution.'[80‘10]According to yet another aspect of the present
invention, a method of processing a conductive material in connection with an ultrasonic bonding
system is provided. The method includes the steps of: providing a length of the conductive material

from a congygig mate%'e?’élWWMH%@W&%@%@M%@&?@FBE@M}@@EMBG@&X@DOY from a )
vapor generation system to rtign of the conductive material on the ultrasonic bonding system, the
vapor incldaﬁ]tﬁréa ‘aﬁf'eer @Sgﬁgjﬁ%néghdﬁrslca ‘FnsgeaspSEt ﬁf&%}"?ﬁear%eiggﬁsghﬁﬂ Qndiehve

i5el0sed a method of
processingrzatoiil fet\Vieomateivar i srietietdheliidy thedstesritaTdpisyiantgadeHifth of the

conductivecgirigsial daddramartendustivesnaatesnk seipplytiand dispensing a silane solution to the
length of the conductive material fed from the conductive material supply. -3 [0012]There is also

disclosed another method of prod&ing BSEhidictdedhate FdPRAELN{ethod includes the steps of:
providing a length of the conductive material fed from a conductive material supply; and inserting the
length of thyeasquctive TRateiiehiita & vekinediratsbarfeosoltiofnl BRifd-dRESERIPIIQNGOF THE

DRAWINGE 0011 ¥satan. s pRshudesipan iRy diis. inlowingdetnlie deadriation when read

in connection with the accompanying drawings. It is emphasized that, according to common practice,
the various*REafdiag b ereaalvingstisre Hitt 16 deurcfeiy ife Yohe P WRIGIAETGbAR ¥ke various
features arerathiresityrexpandetnoenadoced fioe etatidysfedtded indteetdraniygscpeedhd following

fgures: cq, Elfol 157908 RIGGSIRSURTMeNGL SEroRae R gisapic bonding systern n

accordance with an exemplary embodiment of the present invention;

FIG. 1 is a side block diagram view of elements of an ultrasonic bonding

system in accordance with an exemplary embodiment of the present invention;

FIG. 2 is a side block diagram view of elements of another ultrasonic
bonding system in accordance with another exemplary embodiment of the present

invention;

FIG. 3A is a side block diagram view of elements of another ultrasonic
bonding system in accordance with another exemplary embodiment of the present

invention;
FIG. 3B is a detailed view of a portion of FIG. 3A; and

FIGS. 4A-4D are block diagram views of elements of various ultrasonic
bonding systems in accordance with various exemplary embodiments of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

{0014} As used herein the term “lubricating vapor” is intended to refer to a
broad class of materials that change the adhesion characteristics (e.g., reduce friction
or adhesive characteristics) of the surface(s) to which they are applied or exposed.
That is, in certain applications, a lubricating vapor may be considered as a material
separating two surfaces (e.g., a film). However, a lubricating vapor may also be
considered to change the surfaces themselves, thereby changing the adhesion

characteristics of the surfaces. An example of a lubricating vapor is methanol vapor,



FIG. 2 is a side block diagram view of elements of another ultrasonic bonding system in accordance
with another exemplary embodiment of the present invention; FIG. 3A is a side block diagram

view of elen@;‘bt {}% Iﬁ&g}‘,}}er ultrasonic bonding system in accordance Witi% @%ﬁ%ﬁéﬁ@i@iﬁry

embodiment of the present invention; FIG. 3B is a detailed view of a port

FIGS. 4A-4D are block diagram views of elements of various ultrasonic bonding systems in
accordance with various exemplary embodiments of the present invention. DETAILED DESCRIPTION
OF THE INVENTION [0014]As used herein the term "lubricating vapor" is intended to refer to a broad
class of materials that change the adhesion characteristics (e.g., reduce friction or adhesive

characteristicszvﬁifcﬁht% nSAJrIg%EgSn) to Whigpetspot?ycﬁgga ePilied or ex (?ged. _ Qgtrg i(s?gin certain applications,

) . % ?8 the(f SEICS (% um r other ..
a Iubrlcatlng vapor may be considered as a material separating two surfaces (e.d., a fllm). However, a

lubricating vapBt{HHe S P BEIReh S dBF AT hERG BSH S BPRE EXS (BB E8PMereby changing the
adhesion charqgayisfics of dhe, SHSases-AR exampie,al Aubricating yaneeis methanghvapor, - 4 -

which tends to change the adhesion characteristics of aluminum,riobon (or pther conduyctive materials)

to the bonding o0 L_Jsea 18Bon et?]aer% urﬁ\’i!num rlrbrt%do%cu-['g(ﬂ% cpour%ﬁ?te 0 various exemplary
embodiments GIAFEDEENERERIBIT EVSRAR NG HFoCRe LEEkike 186 EPPEAUCIng the build-up
potential of a cemdinsitasimbee gxd(wlg. caraiiahine AYsibhen T arerRieo e Werkdagoturface of a
ribbon bondingriaabueihexample; cedaiseobihesysiensranc processes: havastiesgoal of manipulating
frictional procesgespetwrenhe handing Jerkand s rapducivamaierakih og suphbfrictional
processes ma¥r!§.%ﬁnté’.ncot”9:m%'c}’ 14?:85%5'{?' Puild-up,an,ihe, bonding faql and %&%S'Pc%‘i'.o%%f the
conductive materia from the bon Ing tool. The various techniques disclose e?eln, may also be

optimized by VR SN BEHRG FA A e FRoB 2580 6 R RHE GRAEN PPt it 884G, 1
illustrates elenRemgeerRtPasSErhRY BomaiYRy SPBHEASADO including

[0016] FIG. 1 illustrates elements of ultrasonic bonding system 100 including
bonding surface 102 {e.g., an anvil or other bonding surface of a ribbon bending
machine, a heat block or other bonding surface of a wire bonding machine, etc.).
Workpiece 104 {e.g., a leadframe strip) is supported by bonding surface 102 during an
ultrasonic bonding operation {e.g., a ribbon bonding operation, a wire bonding
operation, etc.). Bond head assembly 106 of ultrasonic bonding system 100 supports
an ultrasonic transducer {not shown) which in turn supports bonding tool 108 {e.g., a
ribbon bonding tool, a wedge bonding tool, a ball bonding tool, etc.). Conductive
material 110 (e.g., a conductive ribbon, a wire, etc.) is bonded to workpiece 104 using
bonding tool 108. In the examplie shown in FIG, 1, conductive material 110 is a ribbon
material provided on ribbon spool 112. Ribbon material 110 is fed from ribbon spool
112 to a position proximate bonding tool 108 on bond head assembly 106 using ribbon
feeding tube 114 or the like. In the exemplary embodiment of the present invention,
ifustrated in FIG. 1 it is desired to flood certain portions of ultrasonic bonding system
1006 (e.g., bond site area 116 adjacent workpiece 104 below bonding tool 108 during
the ultrasonic bonding, the area proximate working surface/tip of the bonding tool,
etc.) with lubricating vapor 128 from vapor generation system 120. The exemplary
vapor generation system 120 shown in FIG. 1 includes a “bubbler” type system wherein
carrier gas 124 (e.g., compressed air, nitrogen, argon, forming gas inciuding nitrogen
and hydrogen, argon mixed with hydrogen, etc.} and lubricating vapor (e.g., methanol
126 vaporized via bubbler 122) combine to form flooding vapor 128. Fiooding vapor
128 follows vapor delivery path 130 (e.q., tubing) from vapor generation system 120 to
bond head assembly 106. Flooding vapor 128 exits path 130 at an outlet (e.g., a
nozzle, a manifold, etc.) proximate bonding tool 108. In the example shown in FIG. 1,
a portion of path 130 (e.g., tubing) including outlet 130a are carried by bond head



bonding surface 102 (e.g., an anvil or other bonding surface of a ribbon bonding machine, a heat block
or other bonding surface of a wire bonding machine, etc.). Workpiece 104 (e.g., a leadframe strip) is
supported by hondi face 102 during an ultrasonic bonding operatio 1] onding
operation, aﬁ%ﬁ%&%ﬁ% operation, etc.). Bond head assembly 106 of u%m%%ﬁ@ggf?&’%asystem 100
supports an ultrasonic transducer (not shown) which in turn supports bonding tool 108 (e.g., a ribbon
bonding tool, a wedge bonding tool, a ball bonding tool, etc.). Conductive material 110 (e.g., a
conductive ribbon, a wire, etc.) is bonded to workpiece 104 using bonding tool 108. In the example
shown in FIG. 1, conductive material 110 is a ribban-material provided on ribbon spool 112. Ribbon
material 110 is fed f ibbon spool 112 to_a position proxim onding, tool 108 o d head
esermbly 106 ST Aob 1RoG (S 113 ST HRLD s e Sl stk B Bl B resent
invention illustPRBPRTEIE 215R i BésRed RSNBT TAHATAPREIG NS ot tiffr£881Rie BSRMAGSystem 100
(e.g., bond sitelmrestart/dojdeatunorkpiece 0y Rshof Bendingnes?®08%uring the ultrasonic
bonding, the area proximate working surface/tip of the bonding tool, etc.) with lubricating vapor 128
from vapor gerl€fdtfan systelp- 220ciqse erenthrapseasorerdaromaysterii$20 8Hsin in FIG. 1
includes a "bubkdeeféppesysiereiwhdeein cartiengasdl4r{e. gndconpriesseebarataitrogen, argon,
forming gas ingludingdtrogan:anedydrogaargpit mxed with dudragenepier) aag ilyicating vapor
(e.g., metha”%éx%@a‘@%é‘%%%ﬁYﬁ%Qég%P'é%r\tﬂaﬁﬁg Sombipe fodorm flegding ¥apes; 7. Elgoding vapor

128 follows vapor delivery 130 (e.g., tubing) from vapor generation system 120 to bond head
assembly 106 HEB6EHG VARG TS RHIR AT 0 R ARBUHED (e G A MBS HE L HER AR, etc.)
proximate bonHIRgA®EFIOB. 1A BeAHPREPESIRFRSTEIRIG N, Sepishid AT5Toped 1 SEe(BPE Mubing)
including outletdB0acateivammedbytioanzihehavr b Fassemblyd 06ndHleedimyaalppril@8 creates vapor
cloud 118 adjageimdrneing-4aohll’ andshand sie sorank koder0s) Aobralestivesatmospigre 118) which
assists in reduging fhe, netentiah i ildan.en hewosking fa6e. of fhs honding ioal 108, [0017]FIG. 2

includes most ofb}h§ sam elemen;gstas._s Jown jn FI(%. 1 (where I|é<e Eeferﬁncefnqgner?ls refer to the
same structuré) "EI%ESSORH: & TSR Y &GS iptis R ORI HisWever ‘P12 also includes
vapor delivery T8 530 CREFvBAIGHREUIBHEIA VaoF TS VRS cONRRFmERTSHECER ©82 surrounding
certain elemengogfultrasonic bonding system 200, where vapor containment structure 232 may be
used to control the atmosphere therein. The elements enclosed by exemplary vapor containment
structure 232 diféwdlin FIGAinohubedohd Hestcpbssebhlsly 1236: eiCiu dimgetienraitsdaeer, not shown,
and bonding taghiRs)rbardingisurface-d 02 ard Myerkgpiecsd Odui¥ apprcontanmeant stgycture 232 may
be a flexible StiygiHIg A IR HIRUAGEOI DAGA SUbstaRtialbY ] SUMstike, or a combination

thereof. It is alsg noted that containment structyre 232 may contain less, or.more, elements from that
shown. [0018],&?t??8r%%ﬂatﬁi%g?ﬁ?éaiW@s??arRStt%aurEi%F é&% ru%\ér ciar? Ec\éar{)r{fécfi%&ndv%}%hsvg %cingeneration
system 120, wHefe BUBBIEA17 32k SHSEEH QhitF 2l 6 B, SRIBRNETot T EPRIER &8fbines with carrier
gas 124, other vapor generation systems are contemplated. For example, methanol (or other lubricant
vapor) could b&%3 & ed (47BN HooSTE N IR B it RerwiSe B CBIBiINaI With the carrier
gas. [0019]UItrelSHRI¥ OBMERGSteEnsBo0 Shdknlinv ARSI eSE e e ATt 8ehifents similar to
those shown isd6 od sfmherettikeure$e ben ceaniifieeralsvafigntarithess dimsreregimaar strsictures, but in a
different configylcafigarasidivsHaind oaneassus, Asenaratesdesciptinn.ds erritted Hierein. However,

system 300 shayyi Ao 301G, (RO SPRSIANAN. YR A0 gt dhgetsubricating vapor 128

(e.g., vaporized methanol combined with carrier gas 1242 to a portion 01; condduc, ve material feeding
structure 114 (8B &AUBEHYEL FAG RS 1 14C3LEE) 9BIG: ?grf’ RRIXHGESNENSF LR circle "38" in
FIG. 3A) illustriaedng getsied Vidh o9 hawabntiestiyg Vot 12 8mayehtePriBBSAIREXding tube 114. In
this specific exapphe dusipar A28 8pkers VEpGAIebeivaigssidmhike IBY (@ bordgpoetipdece 332)
surrounding a pgsbomefribbendeading tedamad beThis. portiee gfdibensdepdingtobext14 defines
perforations 114, Or, QLT RBRIHES.RIQUEH WHCh.\RBOM 148 §Bte R HbhemiERdingdiibe 114. Seals
334 restrict Iubr.lbcbatrljn%e\@g%)g ]13.281 n tq%églc{gptltg/noffpg%gorq%léms Jklgfg {&g? é]%%cht)_:sta (’glraau vglthln structure
332). Lubricatin \9apor then adsorbs onto the Sutace of Abbon matehal 110 in ribbon feeding

tube 114. - 6 -[ErF2OTASRAIPBR HETSreErRHSH B oS8 EKirEFIietRe Nt Fri)p¥ fekifable to

Seals 334 restrict lubricating vapor 128 in the vicinity of perforations 114a (e.g.,
substantially within structure 332). Lubricating vapor 128 then adsorbs onto the
surface of ribbon material 110 in ribbon feeding tube 114.



expose the ribbon material to the vapor within the ribbon feed tube for a predetermined time period
prior to bonding the processed ribbon material. That is, the adsorption of the molecules into the ribbon
material surf%%a Bnl%x Wf‘-ferably involve such a time period (e.g., a perlodP%tr%gﬂ)tﬁr g]% 10 seconds,
a period between seconds and 5 minutes, a period between 1-10 minutes, amongst other time
periods). Of course, the time period may largely depend upon the exact application (e.g., the
composition of the vapor, other characteristics of the vapor, the composition of the ribbon or other
conductive material, etc.). [0021]FIGS. 4A-45 illustrate exemplary systems for processing a conductive
material (a ribbon material is illustrated, but other-cenductive materials, such as wire, are also

contemplated)[r%]]'&%jystenls 35.?,%8'51}86 rataegy to ankq|trgsl?&c b nlgmg SQ'SBee ! ré‘er é)e .g., as shown

in FIG. 4A), or e inte 2 system 450 for manutacturirig o spoo Ing of the ribbon
material (e.g., 3’?%??0%?1 ri‘ﬁg‘—*ft?“?fﬁ)"af(fﬁf RBPeF Y8 S8RifREAY f%eﬁ%’abef " Ronductive material supply
418 (e.g., r|bbwé%chms)t@t‘mmrmlgoFPI’ﬁ%ﬂé'ﬂalthﬁequ%b?ﬂT@mﬂﬁaQ%@'di§b@ﬁ§eﬁhﬂf04 which
dispenses silanessqitisionr 402 rtolacsudace plailengtinat rilborfanatesiap etGdeig frasrveibbon supply
418. Silane solytinn 40R FeRyLRaE ORINARE sidp-atdithonmatesiald L 4ad. piaresifigconfigured to
contact the rlbbon t%ondldng tool Dot shown e@gg@ﬂskd% :%f ribbon m tgen%Lher?lmoer r?he gn)tlre exterior

2ol 1nuLes, amao
surface of rlbbon materlal 41 to or a slime comgoun coatln For example, silane SO|U1’IOI’1 402

may be dispenSedUEMS S Rk PEIRL LY 475RT YR %éjpﬁr{/\ﬁ& to?’?é’gf%tfﬂ%r% IitEF silane solution
402 is dispensedrpsiiopct frraréAal SR BGS aNatsrial mVBa%"ségetﬁ‘PBlP@ﬁ%Wﬁfd%echamsm 406
(e.g., heater 406} dorcurirg sitaietselataeridD2to)form a silane compound coating ribbon material 410.
That is, after silane solution 402 contacts a surface of ribbon material 410, the molecules of the silane
may become bimedad (e.g. Fobemicalyihohded)dorthercopngactivieribbonsand torenetianother in
molecular chaipstdh@rebybiomingeasilanrsearRaoundorlkhancmatariaddd). shdtescurag, ribbon

material 410 p@éﬁ%&@&ﬂ%@@@&f elws}&ar{q@ M%@%@@d}ﬁ&rﬁ% Jﬁ%%@ﬂﬁrébmnstc ) on its way to
ribbon feed tube 414, §81then to the bo %aAﬁ as sem nots own, but simil %r 50 the bond head
n

assembly 106 JESESY Sevds &2 Vl’trasonlc alnmag S érﬁeﬂba(SEdl'Wrtgl? RS application of silane
solution 402 (€ HAAUESABEE R 6P QHH@@H%‘H‘%‘EEGY% Sintie/sloia %Eignﬁ?hlo to form silane
compound), there is a reduced potential for build-up of conductive material on the working face of the
bonding tool int487# ety of BESHIIESTATS FEYMENT U of PREVFY AMBYERIGIHPRIG L8 924 in that
following curingbitsbeneahét8iistepliespiisehieriag il dth&dlenid Atsawsss. dkmedsseAgbr 408, feed
rollers 412, etosh@p HspaayeiGisinsagrispoad 220 eugaceberadhqistonagespeotmpy: mted be used in
connection with.ap ﬁﬂH&?@u’BﬁiPQ@Qi”QIQE’%@KﬁB% @wﬁwié&ttmﬁ&@ga@so@ﬁﬂ@ A8baying the same
reference numg{ﬁllﬁz of etlggr]me ts of FIG A ar ;38 |Iar e{em Siu go 3%1_(The silane

e Tonfigur conta t.’oo
solution described ini onnection Wlﬁ1 Iie % 2 i liquid or vapor form. In an

example liquid F6FA°tHEPSHARR FHAL 8- cﬁ'égbq\?é‘ar?}eétﬁaﬁfcﬂé%e Wéf@??%ﬁ@?efdab%}ﬂé%pphed to ribbon
material 410 byPulspéies GOPAKICEIGS . AN B R fatd! 20 SRt 1AL Inanbedlisperessr 404 for
dispensing silamtnsaiutionjet02ahto gpbiom4A€), divéchresentiveinton slso sentesviptates@ternative
methods of proyigipgraeannestionhabneen silapsosohitiaon it aacebbesnupnadatiay 410. For example,
. '“Ustrgg §hlaﬁr§§q'a@ @Oydnég@yam%ﬁ&mg'u%ng £&§ﬁ£\4°46é‘§8fém'ygEQQeS"a”e solution

462a) and guides 464, 466 (such as rollers, capst a’}ﬁ* etc t erW|se the elements of FIG. 4C
S

(having the sar??@"f’é’fg]%ﬁ%aé PR REe R ihtd RS 4?55 5 ¢ A LA 0 F LB EAtially similar
elements. In FRETTaRe CAEHISBSARLE B4 80t RRTALER ShEVersiRNe Bau b2 RBB AP 2red Fagses through
(e.g., is dippedcberiscotihdnmisel ingehie donrtadtsitaiid golatid o482 etesarvontet8Rr Bairsxample, guides
464, 466 (e.9.,trRHars rsanstansiRie Jompdthe 418asbi passribhon 4k thipughriiiane solution 462a.

FIG. 4D mcludﬁ%@@%@@s\é@eﬁh} ﬁ'%@é@ﬁéﬁ?{@ 4504 Eéﬁsoéf@o@vlmkr@;@swts having
identical referenc numerals >%:e40n he aﬁ%e em 470 | @clude% S|ban§ solé;tlon 48? |n reservoir 462

(and guides 46%C 66), s?’r‘ﬁﬂa?t 8§tem f‘—ﬁéﬂd *Thus SysS S 37655 Tontigared to re- spool
ribbon materiaFAa't %ﬁél‘ﬁé@' $pbi Ao dfed éif'ﬁmfi‘i‘l.‘l6H60‘F%?T‘3H%ds?ﬂH‘t’ﬁir’f’ﬁ‘@?’ﬁsc[@'GM]Wh|Ie FIGS.
4A-4D have bewndieseyitsen pendrilirsicrmautioptwithf silane sshltidord8 3t s hoetihiieed thereto. As will

be appreciatedabyvthase skileesionthetpstssitanecs alittionmeledules terdrdosie amotesolat ghains that
include organigandinprganicRREARS ésr%u.e%%@@oghmmhamehgiw gxg@em@ea@w end of the
chain being inqjganicy,ands,onee adsorbed an.[anexan picty glaoen onuice. become
silane compounds Otner materials, ﬁé’vmg imilar propertles may e use depeng]ng upon the
specific application (e.g., depending upon their ability to adhere or adsorb, or not adhere or adsorb, to
the specific conductive material). Further still, in certain applications it may be desirable to apply liquid
methanol or a similar solution/compound (as opposed to silane) in the systems of FIGS. 4A-4D.



- 8 - For example, additional or different elements may be included. Further, the orientation and
positioning of the various elements may be altered from that shown in the drawings, as desired in the
given applicafi 99, éﬁ,@ﬁ&)n limiting example, feed sensor 408 and/or fee g% 4 &%h,own in FIGS.
4A-4D) may be posmoned in different locations as desired (e.g., upstream prlor to application
of the slime solution at dispenser 404 or reservoir 462). [0026]While the various exemplary
embodiments of the present invention have been described in connection with ultrasonic ribbon
bonding it is not limited thereto. For example, the teachings of the present invention (including those
examples shown in the drawings) may be applied—tl)other materials such as wire for wire bonding.

[0027]Through We\{ Q%WO L(?r?hn' uesrqal closg k Qel@ pgg% ms.an eth ég{sazﬁectlng the surface

Ing roug er e
interaction of a conductive ma erla fe row or examp he'sy s ems an et ods may affect

frictional intera ﬁBﬁgﬁeiw%ﬁ%rBi@ﬁﬁ?ﬁt%ﬁ hAB ‘fﬁé’%??d‘f{ffffﬂ?ee ﬁ?&‘ﬁéﬁﬁplﬁe&dé"P%ereduce the
potential for bufig-tipredalsecebmdudiiee rnateddr sartrstisondingtodirasneiceduded potential for build-up
leads to longerpeetidriyondiredos| fife {ergentes$ timetbatweertichasging fthenbondingdral), improved
bond reliability .@pd Maferfonsisienteands forpagdisingrthadonding tool. [0028]Although the
invention is illustrated and described herein with reference to specific embodiments, the invention is
not intended tq pgxlyited tenthg sialals.shonncRather ymdeus-madificesions/pay.bednade in the

details within t@Sﬁ 899191;%9 5?09;?09?0‘?91“"fﬁ'?ﬁ‘(&%&'behﬁlﬁﬂi”?énﬁn%wﬂ%‘étn‘?W%tMJﬁ%@ the

invention. 9 - What is Claimed: 1.An ultrasonic b oped gg stem comaprlsm a bond head

assembly carryiiy SH %ﬁ?ﬁsdﬂ?ée&)ﬂﬁ?ﬁé 3o 2rel 430 B} dispeniser 404,

While FIGS. 4A-4B relate to systems including dispenser 404 for dispensing silane

bon materi

solution 402 onto ribbon 410, the present invention also contemplates alternative
methods of providing a connection between silane solution 402 and ribbon material
410. For example, FIG. 4C illustrates ultrasonic bonding system 460 including
reservoir 462 (including silane solution 462a) and guides 464, 466 (such as rollers,
capstans, etc.). Otherwise, the elements of FIG. 4C (having the same reference
numerals as elements of FIG. 4A) are the same or substantially similar elements. In
FIG. 4C, as ribbon 410 is fed in the path shown in FIG. 4C, ribbon 410 passes through
{e.qg., is dipped or is otherwise inserted into) silane solution 462a in reservoir 462. For
example, guides 464, 466 (e.g., rollers, capstans, etc.) may be used to pass ribbon
410 through silane solution 462a. FIG. 4D includes system 470 which is similar to
system 450 of FIG. 4B (with like elements having identical reference numerals) except
that system 470 includes silane solution 462a in reservoir 462 {and guides 464, 466),
similar to system 460 of FIG. 4C. Thus, system 470 is configured to re-spoot ribbon
material 410 to storage spool 420 after application of silane sclution 462a.

foo24] While FIGS. 4A-4D have been described primarily in connection with
silane solutions it is not limited thereto. As will be appreciated by those skilled in the
art, silane solution molecules tend to be molecular chains that include organic and
incrganic portions {e.g., one end of the chain being organic, the other end of the chain
being inorganic}, and, once adsorbed on, for example, a conductive ribbon or wire,
become silane compounds. Other materials, having similar properties, may be used
depending upon the specific application (e.g., depending upon their ability to adhere or
adsorb, or not adhere or adsorb, to the specific conductive material). Further still, in
certain applications it may be desirable to apply liquid methanol or a similar

solution/compound (as opposed to silane) in the systems of FIGS. 4A-4D.

[0025] It should be understood that the elements included in the various
exemplary embodiments of the present invention described herein are illustrative only.



b) a conductive material supply; ) a conductive material feeding system for guiding a length of
the conductive material supply to a position proximate the ultrasonic bonding tool; and d) a vapor

generation Sﬁ%%gﬁﬁggsﬁpplying a vapor proximate the ultrasonic bondinq,&qg{isv%ﬁzyﬁ%%rﬁncluding a

carrier gas a ricating vapor. 2.The ultrasonic bonding system of claim erein the lubricating
vapor comprises methanol. 3.The ultrasonic bonding system of claim 1 wherein the carrier gas

includes at least one of compressed air, nitrogen, and argon. 4.The ultrasonic bonding system of claim
1 wherein the vapor generation system includes a bubbler feeding the vapor to an outlet proximate the
ultrasonic bonding tool. 5.The ultrasonic bonding sgstem of claim 4 wherein the outlet is carried by the

bond head asslgmblg. 6 Th%&ntra oni .Qondineg system of claim, 1 V\épe'geig the vapor generation system
. or 6x rmlle, additiona or?;.eren emen sma\{ e mcluded. Futher, the orientation ,
supplies the vapor within‘a vapor containment structure, the vapor containmeént structure substantially

enclosing the %H@qf,ggaia%gém%vréous elements may be altered from that shown in the
drawings, as desired in the given application. As a non-limiting example, feed sensor

408 and/or feed rollers 412 (shown in FIGS. 4A-4D) may be positioned in different
locations as desired (e.g., upstream of, and prior to application of the silane solution at
dispenser 404 or reservoir 462).

[6026] While the various exemplary embodiments of the present invention have
been described in connection with ultrasonic ribbon bonding it is not limited thereto.
For example, the teachings of the present invention (including those examples shown
in the drawings) may be applied to other materials such as wire for wire bonding.

[©€027] Through the various techniques disclosed herein, systems and methods
for affecting the surface interaction of a conductive material are provided. For
example, the systems and methods may affect frictional interactions between the
bonding tool and the conductive material in order to reduce the potential for build-up of
the conductive material on the bonding tool. The reduced potential for build-up leads
to longer useful bonding tool life (e.g., less time between changing the bonding tool),

improved bond reliability, and more consistent bonds formed using the banding tool.

{0028] Aithough the invention is illustrated and described hersin with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various maodifications may be made in the details within the scope and
range of equivalents of the claims and without departing from the inventian.



7.The ultrasonic bonding system of claim 1 wherein the conductive material supply includes at least
one of a conductive ribbon supply and a wire supply. 8.An ultrasonic bonding system comprising:

a) a bond he@% %ﬁw% carrying an ultrasonic bonding tool; b) a conducftgzﬁ,ﬁ?%eﬁr/i@ﬁ%pply; C)
ia aterial fro

a conductive material feeding structure for guiding a length of a conductive m m the
conductive material supply to a position proximate the ultrasonic bonding tool; and 10 d) a vapor
generation system for supplying a vapor to the conductive material feeding structure, the vapor
including a carrier gas and a lubricating vapor. 9. The ultrasonic bonding system of claim 8 wherein
the lubricating vapor comprises methanol. 10. Thealtrasonic bonding system of claim 8 wherein the

carrier gas incl es.aHeast one of compressed air, nitrogen, and argon. 11. The ultrasonic bonding
. at is Claimeg: . . . .
system of claim wherein the vapor generation system includes a bubbler. 12. The ultrasonic bonding

system of claim 8 wherein the conductive material supply includes at least one of a conductive ribbon
supply and a wire suRRlitrasonic bonding system comprising:
a) a bond head assembly carrying an ultrasonic bonding tool;
b) a conductive material supply;
¢) a conductive material feeding system for guiding a length of the conductive
material supply to a position proximate the ultrasonic bonding tool; and
d) a vapor generation system for supplying a vapor proximate the ultrasonic

bonding tool, the vapor including a carrier gas and a lubricating vapor.

2. The ultrasonic bonding system of claim 1 wherein the lubricating vapor

comprises methanol.

3. The ultrasonic bonding system of claim 1 wherein the carrier gas includes at
least one of compressed air, nitrogen, and argon.

4, The ultrasonic bonding system of claim 1 wherein the vapor generation systemn
includes a bubbler feeding the vapor to an outlet proximate the ultrasonic bonding tool.

5. The ultrasonic bonding system of claim 4 wherein the outlet is carried by the

bond head assembly.

6. The ultrasonic bonding system of claim 1 wherein the vapor generation system
supplies the vapor within a vapor containment structure, the vapor containment
structure substantially enclosing the bond head assembly.

7. The ultrasonic bonding system of claim 1 wherein the conductive material
supply includes at least one of a conductive ribbon supply and a wire supply.

8. An ultrasonic bonding system comprising:

a) a bond head assembly carrying an ultrasonic bonding tool;

b) a conductive material supply;

c) a conductive material feeding structure for guiding a length of a conductive
material from the conductive material supply to a position proximate the ultrasonic
bonding tool; and



13. A system for processing a conductive material, jlde system comprising: a conductive material
supply; and a dispenser for dispensing a silane solution to a length of conductive material fed from
the conductive material supply, wherein the dispenser includes at least one of: (a) a vapor
dispenser for dispgnsivaptire;silarsi comyzoemdfas s malpory anda o) adithdddishebiserrfatetispensing the

silane compaynd & A ighidend4.2B0E YRIAMLS! EIAIT WA b6 SR d5dptearated into at least

one of an ultrasonic ribbon bonding machine ‘and an ultrasonic wire bonding machine. 15. The system
of claim 13 the system further comprising a curing mechanism for curing the silane compound on the
length of tite condhetivierasateridondibigithystsysteftlefrol8imi3dur therlcbrivptisingapoonductive material
storage str, eJfar staiing the length of the conductive material after dispensing of the silane
compound to the length of the conductive material. 11 17.A method of processing a conductive
material in connection with an ultrasonic bonding system, the method comprising the steps of: a)
providing a{engtiToé thiszendutivdintasestdrfrofce torflwbivei e daisepphy orctitealatasonic

bonding sygiefeANdr complidRRIXIRI A NRRAT BRMRgGROr generation system to a portion of the
conductive material on the ultrasonic bonding system, the vapor including a carrier gas and a

lubricating vapor. 18.The method of claim 17 wherein the vapor is supplied to the conductive material
11. The ultrasonic bonding system of claim 8 wherein the vapor generation system

includes a bubbler.

12. The ultrasonic bonding system of claim 8 wherein the conductive material

supply includes at least one of a conductive ribbon supply and a wire supply.

13. A system for processing a conductive material, the system comprising:

a conductive material supply; and

a dispenser for dispensing a silane solution to a length of conductive material
fed from the conductive material supply,

wherein the dispenser includes at least one of: (a) a vapor dispenser for
dispensing the silane compound as a vapor; and (b) a liquid dispenser for dispensing

the silane compound as a liquid.

14. The system of claim 13 wherein the system is integrated into at least one of an

ultrasonic ribbon bonding machine and an ultrasonic wire bonding machine.

15. The system of claim 13 the system further comprising a curing mechanism for

curing the silane compound on the length of the conductive material.

16. The system of claim 13 further comprising a conductive material storage
structure for storing the length of the conductive material after dispensing of the silane

compound to the length of the conductive material.



at a position proximate an ultrasonic bonding tool fhe ultrasonic bonding system. 19.The method of
claim 17 wherein step a) includes guiding the length of the conductive material through a conductive
material feeding structure positioned between (1) the conductive material supply and (2) a position
proximate an ultraseit:bo pdipg testiaf thearthastorinxirdinig reysteractindwitrezeinithaswaigor is

supplied tq,fhe;condulive Materiah iy Biegorsrtve mgistgl feeding structure.
a) providing a length of the conductive material from a conductive material
supply on the ultrasonic bonding system; and
b) supplying a vapor from a vapor generation system to a portion of the
conductive materia! on the ultrasonic bonding system, the vapor inciuding a carrier gas

and a lubricating vapor.

18. The method of claim 17 wherein the vapor is supplied to the conductive material

at a position proximate an ultrasonic bonding tool of the ultrasonic bonding system.

19, The method of claim 17 wherein step a) includes guiding the length of the
conductive material through a conductive material feeding structure positioned
between (1) the conductive material supply and (2) a position proximate an ultrasonic
bonding tool of the ultrasonic bonding system, and wherein the vapor is supplied to the

conductive material in the conductive material feeding structure.



