; YZe3e: P: M "N6HT27 -1 BONDING T AT R COATI NG FI ELD OF THE @
| NVENTI ON Thi s invention general mujmmmmﬂMWondi ng tools used for fine
wi re bondiwegizoeedzmore particularly to a ca ary bondi ngpdo@o2lieMbNg a
pol ymer coating di sposed over the surf#®f the capillary. BACKGROUND OF
THE I NVENTION Wre bonding is, at this tinme, the dom nant net hod used for
the interconnection of sem conductor-based devices. In the wire bondi ng

i ndustry, tool failure leads to the destruction of the sem conductor device
bei ng i nterconnected, which can significantly | ower ”1yi el ds. To prevent tool
failures, tools are exchmﬁggéwlﬁ%@l@%ﬁwEﬁ% INfGedi cted time of
failure. 10 The wre bonding process is defined by the "Process W ndow, "
mhich is the range of paranet ef$ERDSF THRINGGAHIAY machine is qualified to
operate within. To nmaintain bond quality, adjustnents nust be nmade to the
bondi ng par anet er s. THy iGN penceatlz relstes to hendingdpols veed fordine aiite bogpding endoe

‘out si de Oﬁmofe'}ﬁrtﬁﬂglg)pt\bea@a 25 85ty 0 PWind Ei)(ﬁyﬂlé%gﬁié{gg%sg&e@ S%er e sulﬁace of

productivity as the bonding process nust be Stoppe t ool s exchanged.
Fur t her nothe capilipgy-t i onal expense is incurred 15 as a | arger nunber of tools
t han necessary are used. Contam nation build-up and accelerated wear limt

t he useable tine for convengizxg@r@EENBOCripaeENAONs (€. 9. Al um na,
Zi rconi a toughened Al um na, Zirconia, cenented Tungsten Carbide, etc.) in

wi re bonding appli Cfie®Bsding 6 e BiisQing the AoRBRA AR WAF L RE RROSHAQMS of
material and the subsequent enbedding in the carbonaceous material of

net al | i c {FAREOndyciar-baseg devigss: bohe)wiebengingiindustyn tpeblailyrg dsadsriorthe destructionefi ng of

the tool @mBderRV&HLE deVicd BAISInfeR oARERANMEM cah BEhiHER1P foel §icRONE AGvdnpO! by
fl exural bending. The carbonaceous material is produced by the action of

t he El ect foptiairesyiootspre exetngedsregulasky prior igthearediniod tisee effeilyset r ol eum and
stearate-based materials typically placed on the wire surface to inprove
de-spbbling of the Whewre tonAingewacss iydetiewd Widhe Progess| Windews sdish driBe faaeq he

| ocal i zat bfjaraafeteRORMIRDAGHE BBCHIR idqRATEY tolop@sle Fithinh Toth@itaih BERL quilay,U. S.
Patents 5,871,141, 5,6558, 270, and 5,421,503 assigned to the sane assi gnee

as the prubwstRenisTyeshbs Bale toyte bpnding Rapieins Bagfine PATrIFSts: SYeUsTrase B¥ol s f or

produci Ngalwwee tdX iR RS &6 a;s(g&ra:d Fdcds wHRIOWC GBis s RI8odsHE BRRtRILEEL dher ei n
by reference, WO 02/ 11(0C32 UWARY OF THE | NVENTI ON PCT/ USQ2/ 02S. ~G I n

vi ew of t PROEE BFICESS MUSE stoppediad folssxchspged. Frgheppreadditiona) epensrs pertdes to

a 15 as a larger number of tools than necessary are used.

Contamination build-up and accelerated wear limit the useable time for
conventional ceramic-based tools (e.g. Alumina, Zirconia toughened Alumina, Zirconia, cemented
Tungsten Carbide, etc.) in wire bonding applications. Adhesion of organic-derived carbonaceous
material and the subsequent embedding in the carbonaceous material of metallic particles from the

20  bonding wire causes unsymmetrical loading of the tool and eventually leads to mechanical failure of
the bonding tool by flexural bending. The carbonaceous material is produced by the action of the
Electric Flame Off (EFO, for ball formation) on the petroleum and stearate-based materials typically
placed on the wire surface to improve de-spooling of the wire, Enhanced surface wear is also

caused due to the localization of bonding forces to a point load on the tool face.

25 U.S. Patents 5,871,141, 5,558,270, and 5,421,503 assigned to the same assignee as
. the present invention, describe various conventional bonding tools for producing wire bonds on

semiconductor devices and are incorporated herein by reference.
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bondi ng tool having an orifice extending along a |ongitudinal axis of the
tool body, a working tip coupled to one end of the tool body, and a pol yner

coating diwgnpmesksover at least a portion of a 5 surface ofpdifagseeirdice. The
present invention also relates to a method of nmanufacturing a bonding tool

for bonding a fine wire to a substrate, conprising the steps of formng a
cylindrical body, formng a taper at a_hirst end of the body, form ng an
orifice extending along a |longitudinal axis of the body, and coating the
body with a polyner. 10 According to anot her aspect of the present
invention, a first coating |§“Bﬂ§%ﬁ§e@F§H@ﬂ§Vﬁhﬁqgﬁfface of the orifice and
a second coating is dlsposed al ong an exterior surface of the bonding tool.
BRI EF DESCRI PTI ON G vVigWofitreathprigsgingieof thepeir arp e PEesH venfifidr i et8d from t he

fol | ow ngpfa g&d&ﬂavﬂ%sﬁﬁrohﬁ&e &&n&ﬂgmohgmn% didal m%tbarbow taRyob1B&s tip
accorrpanyl ng raw n |1 S errp asi zed accor di ng t o commoDn I‘aCtI ce,

t he vari otpsPieg it QPP@Bd ¢fithe thel bedwnandia p%lmerr?e@ﬂngéw%saﬂ aver ghleasha PEBOR ¢fdr y, t he
di mensy ong,Qfe §R ofdkcs.ous features are arbitrarily expanded or reduced for
clarity. Included in the drawing are the following Figures: Fig. 1 is a

cross sectional vi el‘heC]fres@ntQ%H%tdléBr}@lL\tepﬁQ%éﬁ%dto@ﬁﬂanufg&urﬁig&soon@ﬁg t%@l faf €
cross sectional views of a bonding tool according to a first exenplary

enbodi menfongmeapiae e Eenmubstraice pAMIRBHF NS Hhegters oformngp eylndhend bedveformmar vi ews

of a bondfap& al Hflst @%@mgb@@ E”d?mﬁag%ﬁ%ﬁﬂ& RURIRE Abde LIRARGIRNM i tHeBapr esent
invention; Fig is.a plotting the effect the exenplary enbodi nent

of the pr@@éﬁ@ngsmﬂ%@éﬁghéﬁoﬁﬁﬁlon bonding force; Fig. 5 is a graph
plotting the effect the exenpl ary enbadi nrent of the present invention has
on boHd power: Fig. A& ngatogncab% aﬁaeettqf "}W@’r@csﬁ’émé(f?‘?t@éta@‘Iﬁbcoéﬁl%ﬁﬂlél?%?e

enbodi MenfioRf thé fBfEY R YriflcOWRIN debdhdRBsfinE s RPORHABNE 8 bxtSick QurfadQofthd. 7 1S
a graph pIottlng the effect the exenplary enbodi nent of the present

i nvent i onb®4Be&Plbondi ng bal | size ratio; WO (12/11G1(32 -3
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when read
15  in connection with the accompanying drawings. It is emphasized that, according to common
practice, the various features of the drawing are not to scale. On the contrary, the dimensions of the
various features are arbitrarily expanded or reduced for clarity. Included in the drawing are the

following Figures:
Fig. 1 is a cross sectional view of a conventional bonding tool;

20 Figs. 2A-2B are cross sectional views of a bonding tool according to a first

exemplary embodiment of the present invention;

Figs. 3A-3B are cross sectional views of a bonding tool according to a second

exemplary embodiment of the present invention;

Fig. 4 is a graph plotting the effect the exemplary embodiment of the present

25 invention has on bonding force;

Fig. 5 is a graph plotting the effect the exemplary embodiment of the present

invention has on bond power;

Fig. 6 is a graph plotting the effect the exemplary embodiment of the present

invention has on bonding ball size;

30 Fig. 7 is a graph plotting the effect the exemplary embodiment of the present

invention has on bonding ball size ratio;



PCT/ US(12/ (1 2s~C Fig. 8 is a graph plotting the effect the exenplary

enbodi nent of the present invention has on bond performance (i.e., shear
forcel/ uni vguigmdgszand Fig. 9 is a flow chart |IIustratlnglqngg@&MQQGprocess
according to an exenpl ary enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON To overcone the aforenmentioned deficiencies, a
pol ymer coating, such as parylene is depasited on the surface of a bonding
tool. This surface coating is found to reduce the adhesion of contam nants,
such as Carbon, Gold, Copper, Chlorine, Calcium Ilron, Sulfur, Beryllium
Oxi des, Nitrides, et 81sﬂéraplhelogl@g¢1a@éfe@ﬁllq%@1miw&mhgdltne@|ofthems%y

i ncr easi ngydnkign Eds%ﬁbB&Jeﬁbﬁﬁhh@e @BIsiRhaBick kit é}ga)la‘%dt he wi re bondi ng process
aindow. It is contenplated that the coating will be used nostly on newy

produced bondi ng ton% ﬁhahewhaﬁmﬁstaaﬁgawu O@Esse@cé}@méﬂpddé'(gmﬁlﬁry
previously produced bonding tools if desire Fig. Ais a cross sectional
i ew of aene@ﬁlwm?fdhranre%meﬁ@m ool 100 and F| g. 1B is an enlarged cross
sectional view of workin 102. %ﬁ tool 100 has an orifice 104

that 5 extends fromth Eén%¥3¥%5W) @BTHEINBENiHaNtlp 102. A bondi ng

wire (not shown) |s |nserted into orifice 104 and exits through morklng tip
102. As the bondi ngTwpyeeoms thsaforementipes dgHcigncies, agwlymesa cosfing. SHh ag pprylene

surfaces it Q&odifd oh bk suFhRWha béhdﬁiggoollaims d@mawah s @&:!ﬁ& WehaR iR dihaoaen and
wears away the unprotected surfaces of tool 100. . 2A is a cross

sect i onal CopfaBYRagts: Hchas{carteg. Geldi CoppetoChipre, Cajciymy F?@ﬁu@eﬁw%w Opides,

enbodi mentitgdes lhe 16 e S@ ke bNHERINIMNG todl Thdréty- moze%smgma@lh{ago t010te a3 RatiRsing
coating 220, 222 de osited on the exterior and interior surfaces,

respetd | vibe jyire B?ndb"tgrﬂﬂ‘?cﬁﬁ stidow. i conteraplatsd theiihe opating wiblbe vags mestly Aenedie or
di f f er entpraduced BsrdmE &bl AlthoG&t @k boalfE AW albdbePpIRN e AbYsIEHBA A BsHdingt he
coati ng 220 222 y be a polyner, such as paryl ene or po ycorbofluoro for
exanpl e. topls ififle npl ary enbodi nent, the coating may have an average

t hi ckness of up to about. 2.0 microns. In_a preferred 25 enbodi nent,

t hi ckness of coati n%g JlFY)s a smss gectiopgbiew Bf aconyrienwsbontmg toql\ B gnddiie. |1§ 1?1ot so
limted, hHOMWRY®RH crdséisebtivakl Wbﬂ\ﬂfrkfh@hﬁ KOIESIﬁ F%f 1&Q§6l|10@ha%%g,onﬁe?e?lmh’atbe used
based on the grtlculg d&g i tlon in greater detail in Fig. 2B,
coati Hg 23Fndsisom theegd LJo4t dqol Q‘ﬁé"‘g‘ﬂ?& %éos’l Folpndipg syire (pog ) PdsTeduner e

t he bondiing oNfic€1 (4Dl eﬁh@lwaaghha&klhg €p J02E A LB4 boning K61k 4s frled THesUFR bBficeS I nc e
t he polynﬁ) coatln af an electrical isolation prqperties, may
udé CF% |aaii o

al so be ot a@ta&ﬁ ERrvies Atk ¢B) ‘%Feosetalﬁlcwfalfﬂiné%ts ﬂ\ewoae}a% wabsn

t he i ncl usi#Rhefnptdetet Yirtkesc@adol DgD. 222 on the interior surface of bonding
tool 200 may reduce the drag force of the bonding wire as it passes through

t he bondi ng tool 20Big. 2A i\4Codslsttiichal 6B 8S a bonding tool according to a first exemplary
20  embodiment of the present invention. In Fig. 2A, bonding tool 200 has coating 220, 222 deposited

on the exterior and interior surfaces, respectively, of bonding tool 200. The coating 220, 222 may
be the same or different as discussed in detail below. In an exemplary embodiment, the coating 220,
222 may be a polymer, such as parylene or polycorbofluoro for example. In an exemplary
embodiment, the coating may have an average thickness of up to about 2.0 microns. In a preferred

25  embodiment, the thickness of coating 220, 222 is about 0.1 microns. The invention is not so limited,
however, in that another thickness of coating 220, 222 may be used based on the particular
application. As shown in greater detail in Fig. 2B, coating 220, 222 also protects the surfaces 226,
224, respectively, where the bonding wire (not shown) has the greatest contact. Furthermore, since
the polymer coating 220, 222 has an electrical isolation properties, it may also be used as an

30  insulator for conductive capillaries. In addition, the inclusion of a polymer coating 222 on the
interior surface of bonding tool 200 may reduce the drag force of the bonding wire as it passes
through the bonding tool 200.



PCT/ US02/ (125~6 -4 Generally, capillaries and bonding tools have a
cylindrical shape and are produced by either direct ceram c die pressing
fol | oned Iwo si/eW0632i ng or injection nolding followed by singefGfaRd are
machi ned to final shape by grinding or Electro Di scharge Machi ning
operations (EDM. Fig. 9 is a flow chart illustrating the coating process
according to the exenplary enbodi nent ofgthe present invention. At Step
900, the surface of the bondi ng tool is treated. Exenplary treatnents

i ncl ude plasma, heat m.cal treatnents. At Step 902, the treated

bondi ng tool is pl aé}éEFriﬂg( ]&Eﬁﬁﬂ?fl&’ﬁ“aqﬁ*kﬁetf"’ls h&veStCélﬁldQGfkl shapp ang g5g profeced

s u bj ect edby eithenpiodct ZepdnliOdie §ies§rk§)félloxﬂredﬁ%1rﬁéi br b mMihB f@Mowed by

di - Par a- Xyl yl ene |nergﬁ1£ﬁ% l_%agalﬁac clophanei for exanple. At 10 Step,
906 t he ‘8§P“$ -4 & pa &e b shage X/Blaﬂd@a% %W%Bwahar@dﬁa@vasraﬂ@ﬁr to
produce a(gmmyursor nononer of para-xylylene for exanple. At Step 908,
‘deposi tion of coating 220, 222 such as Pol yPara- Xyl yl ene for exanple, is

perforsred at about a@Ehd Q@tﬂomﬂﬁf%ﬁ'ﬁﬂgQl%@@atfn@ﬁar&é’s@moﬁi)in%{ﬁ(ﬁleaéigrﬂ%la Q-1 torr
of chanber ﬁ‘t ssur Thi s exenpl ar%%process deposits a substanti a

uni form EBRHED Bgﬂlﬁ Bty vension. S5%eRP0; Be purtigpofiihs porging tqohlsé!@hté@/s of
Sbout ? 1Emrﬁ:p‘l?'ﬂ tredthqelht&nblﬁ@iﬂﬂ&hﬁoﬁleab&inci]-e;s’_heﬁlrk}‘éﬁt%gﬁxfxenﬁk ial Kteb @O% E’l?edt?crafe]gt hat
epOSI I O acconpl | sne y varil ous ne ods o1 vapor
deposi ti oﬁ %ﬂlg t&‘g Srﬂ“&‘%ﬁ@%ﬂ@& ““b%{’ﬁwﬁefdééé?l)ﬁ%ﬁhe(tWB) subjggd focaporizatinyat
deposi t i oaboPMOPC andi1.0 hﬂiWlthV@dllPaﬂthldexﬁlbWi]|p¥nacytc|l’tﬁ)hﬂﬁ?1 %J&Qaﬁxﬂ@'AAfmy be
IS a

coat ed_ by £sin ing tool in a A mat eri a

cross%sec G%P tb? g’\‘ﬂ)t lﬁge%s%ﬁﬁgwyfﬂﬁq“ a4 abayt 6H0y @nch)S @ﬂstewﬁiacee%@?ﬁyrsary 20
enbodi menmondmérepiri-eFigivte fonds@mpieO At Step 968, depodfiion Q%Qt'u%@ﬁ) oph s§§10as -
coating Sﬁ%e\f@mm ted on aé{)ortl on of the interior surface of bonding tool

300. As s eng o sxampley dx nerformed agpbput ambient (eappralyred35°G 1 pragpled ah t he

surfaces et @1tdﬂﬁotbﬁﬁﬂeﬂﬁeé%ﬂeeTﬁﬂQRerﬁﬂ]MI)oc&@a C}JOE!% QSR/ESly GRRRACt . 1T s
al so cont enpl at ed thai[l t he coatin on _any conbi nation of

interior JULs £9ating ‘&rz?szLﬂ“ft%‘@@QgB‘f"“%grf’eth‘B Qf@b?%Bil nagroaeﬁulfrlwerstzgd X is

furthes cupsesTRkifltiethe bbbt depositionas EHRQ oYY, nﬂag be hécbﬁf)hs%e(fw YarBhs Ilgétglﬂds% at Idng
on a exterior o e ondl ng

in any conblntlon #‘g‘]ﬂ@ahard coatin

tool and ‘é"‘l’% PoFBR IR elaﬁala‘ﬁp?frﬁeaf?srtwfl (%YDi RBYsahaPerepesiion (BYDYjngla
versa. Usﬁemfvaramfsamddlﬁ&ﬁlly,ﬂ@e BotQing Bodl Ry BXédatel B 1rﬁ’tf1er§19§th|€(?>8ﬁ’dl oBlClﬁ’la 200
may | ncreas&lt he wear resi stance of the bonding tool, especial al ong

portion 2ZBM&RFEH comes in cont act vvlth the surface of the bondl ng pad
(not shown) during 1: ondi ng pr. oc 0, Wher eas, usi ng a soft coating
222 on the interior” SutrtHe&Ls T'GCP‘H’(? B‘B‘ﬁ& hpPrHa foobersordingde 2 fondrgriglanhe

drag f0or centmfdiridreofthe gesest intenfirs I8 Fid. BAMBoghing ! 100nEé AQtih©90. defosabdbes of

such hard_c atl s._ar.e Anor and Si 3N4. Exa es of such soft
coat ngs T MR BHE ATRr BLORRg oppOF  Boovpiiassie g1 s, coning
Fl or opol yMrlsplamdmn)the surfAME WRdréfhe bakdizs WACeTnbiSB2k) 285 the grebresiibntad:f it ¢agss of

t he exenpl ar r cotln jnproving the reljability and stablllty of
the wire %Pﬁ%’%ﬂ% lT%P’I Eitaf By g‘“ﬁ“@fé‘%o interigtranfliof Glertop syrfages 2

graph 4000ftbebdnkimgttcroaam$reﬂn Fig. 4, graph 400 plots the effect of the
pol ymer coating on the bonding force. In Fig. 4, the ordinate is the Iife
span & the bondi ngltisfaithencdntepimabibt thocobtiey dyrBsefthedt sbo el sati@sSmang 5

t he absci bon f.arce, required formthe bonds. Plot 402 is a
linear r e%?rgbéﬂeaﬁ rii? ?%lr? ° (a)g ard g‘i)aﬁlfl g~ ?’?ﬁx&?’t"éﬁg %l?ongmg g@}ﬁiﬁ S(S’ﬁéf’atﬁgﬁd?r?fb

t ool . As ahotsrior qflttatboﬂcﬁﬂg ’uooicona\aﬂe&rsm Ut dfiahandtcbiting 220 treths extaedr o®fhebonds

i ncrease. sha t hat t. ebo tool fails (that is, IIs
_outside ol?olgh%g t&?%%(gxlé mcrea é’"ﬁm %rcrﬁ gtg?/g‘g‘d}"&ﬁ‘lﬂl’ ef‘??@lapéﬁlf’%%‘?ﬂ% after
about 80W@d®cm dsconidyt mthrther alsﬂ'a¢e q:ﬂthnt boAlidg pal (Aotlshévan dutigthe b&idingtprévssof

poi nt g 4 acc r di e

i nven'fq og@h%s %S%%nafs(gh sznlflgg%i owlsn %loﬁ%ué A Gi° g&sa?ﬁ%aégopﬁenﬁ%ﬁqa?%& force
as the nuhbérag (ﬁdrcemfrthtswrems itgpasses thiugh thé Bdndirigsiools lﬁmléshﬂ'lsudhhﬁrdl dofitthgehret he
exenpl ary hat of. the ntio bondi ng
tool. In A;Fl%ﬂ%d&%ﬁﬂﬁh @(?’d%lngg émélﬁ e'1‘w15n§c%t CoaTtm%shI%a poI Fmers (?)gltl ng on the
bondi ng pﬁﬁweﬁnlenPFlyyara)ﬁlylmh‘eFMmeMea ee.)the life span of t he bondi ng t ool
with respect to the nunber of bonded wires 15 and the abscissa is the

bondi ng power required to formthe bonds. Plot 502 is a |inear
representation of points 503 plotted for the conventional bonding tool. As
shown, plot 502 increased significantly as the nunber of bonds increase. By
contrast, plot 504 is a linear representation of points 505 plotted for a
bonding tool according to the present invention. As shown, plot 504 shows a
negllglble |ncrease in bondlng power as the nunber of bonds |ncrease 20 In

N ~ N~ . " Y e Y b1 g,



size ratio as the nunmber of bonds increase. Thus, by using the exenplary
bondi ng tool, greater uniformty of bonding balls may be achieved. In Fig.
8, graph mzpk,ms the effect of the polymer coating on thesi®akdgrce per
unit area required to break a bond. In Fig. 8, the ordinate is the life
span of the bonding tool with respect to the nunber of bonded wires and the
abscissa. is the shear force. Plot 802 .5 a |linear representation of points
803 plotted for the conventional bonding tool. As shown, plot 802 decrease
as the nunber of bonds |ncre se t her eb ndi cat i ng that t he_ bonds becone
weaker as the bondi ﬁb“tg?;?fzyi) he el aBS/PQX)G'PRrP%Wg inymprovgg4hg religpility aechr

repr esent abign odfhe Poie %Bﬁt&%od@ésqgi mﬁﬁl‘rdct&lrm 2igharrdimRe-1:qb FACE %&BhQIQO {0 the
-present @ventl | ot 804 shows a sight increase in shear force

10 requi r BYsHEdy ?’é’é‘ﬁ 4 g@g%@dodﬂotg the eHet9EThe B?lylﬁﬁrfﬁéthgr?@r*@é@@dmﬁ‘tr% JoHig he

i nvent i ond,Rigsorbiags isdBskfk sRadf e bBndikf 186161T R edpbot EX AP BhABY o£HRA WRGSd It 1S
not limted theret%ﬁlea he t he, appended cl ai n8 shoul d be construed to

i ncl ude of'REpSCIFSHs OLSFRGRIrGAEn frmhe bands. | Flotd2 isgringatirenieseaipioeol made

by those ﬁdﬁhtb h@xblbtredtthies o@ﬁ%nﬁ%ﬁah&iﬁﬁm%wr Al §8wh rpﬂw4bf‘§101teﬁéé§’ séﬁ'ﬁEénttly @ﬂﬂe
scope of Itiufrggpr esent invention 112/11fil11>32 \What Cl ai med

PCT/ US02/ affgongs ipcrease. RIpAVR glse ghprvsithat the Garslingtoal f%iSr(@atlé f@ll%qyltﬁsctemét e,

the bondi thgploah wirdlélvihomsse alaeﬁéyreamngréﬁ%&héﬁg ahblpabsa%@b @Sb sRd@Ngy, end of
t he body, and conprising: 3 an orifice extend |tin¢g along a longitudinal axis

of the bothptrashd!qtas WGrI’IBP%gePﬁSﬁ“atﬁ’ﬁ&fﬂo@s adariptivg for asﬁ@é@é&ltwll@leorétﬂglt@%t a

portimn OfreRnSiHidna6Ee Af shbW pRf Udd GBws & neelighlCiaRbdst B B6nBOS BHrfhs HiRHumber
accordi ng ftqoa laim 1, _wherejn the coati ng extends 2 along an entire length

of the or? Jnceage. ot 04 alse WS%@‘FH& A st exererlan R '90lds Almestawicaher ei n
t he coat i g of theZ2odRBliorR0bdn@natool. €ast a portion of an exterior surface of
the working tip. 1 4. A capillary bonding tool according to claim1,

wher ei n the Coatl ngInIIEg3 ghm@%tmeéff@t of tRASdlyrRer ROtih @Ht}ﬁfboﬁdlw;i or
surface o r ki n capi |l | arg bondi ng tool accor to
A

claim 1, f’tﬁ‘élaged%ﬂthF Hfj SP%H Of thf @ﬁ%wo i reémcfést theynumberf bprded wises t he
wor Ki 159 tdnd tlﬂi’l%s&ﬂ@ 1sbﬁ)éj:\6ndlillg we?\ré‘q%f?éd ﬂo%r)h ﬂi@ﬂéﬂd@ gPprﬁb 1@&%&1%&9%5&11&1 ai m

1, V\herel t he coa |né; . A capil %/ bondi ng t ool
accor di ng° {PEIES 9P fpfofte Wﬁ&eéi’rﬁ’e’t‘t%al&ﬁ’aﬂlpﬁ@q SAsghown, Ipéféé 2 ppreassd Slg*)"ﬁaanﬂy

pol ymer, dsithe rithb&t $HBofd, indrdabd, B3l cdiMast, ot $04 s @ Jindak uﬁbr&ﬁﬁgﬁoﬂ%ﬂ)&ﬁh 963 12%
S|I|caan ma and vi) Dianond like Silica

o
capi |l aryP B‘t?ﬁd?’rﬁgb%‘ i t°étb%989fﬂtnﬁ§° the Prepent Ryentiony s dropny 586 étq“ﬁgl rteshgablez

pol yner din&pas @tbcalinp gowdt ak At AlihBdr 0B bdldaGeredde, t he orifice and one of i) an
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the rate of increase in average diameter is greater that the exemplary tool. This increased diameter

may effect the bonding process as the density requirements of the industry increase.

In Fig. 7, graph 700 plots the effect of the polymer coating on the bonding ball size
ratio. In Fig. 7, the ordinate is the life span of the bonding tool with respect to the number of bonded

30  wires and the abscissa is the bonding ball size ratio. Plot 702 is a linear representation of points 703
plotted for the conventional bonding tool. As shown, plot 702 decreases significantly as the number
of bonds increase. By contrast, plot 704 is a linear representation of points 705 plotted for a bonding

tool according to the present invention. As shown, plot 704 shows a negligible change in the ball



WO (12/11!'01 32 -s PCT/US02/02S5~C 1 13. A capillary bonding tool according
to claiml1, wherein the coating is one of 2 polyolefine and parylene. 1 14.
A capi | | apo @aRedspg tool according to claim 1, wherein thep€ogd2AskiS 2
formed by vapor phase deposition. 1 15. A capillary bonding tool according
to claim1, wherein the coating is 2 fornmed by one of chem cal vapor

deposi tion and physical vapor depositiorg. 1 16. A capillary bonding tool
according to claim1l, wherein the coating is 2 formed by inmersing the
bonding tool in a coating material. 1 17. A nethod of manufacturing a
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24. A bonding tool for bonding a wire to a substrate, conprising: 2 a body
portion; 3 a working tip coupled to one end of the body;



4 an orifice extending along a |ongitudinal axis of the body and the
working tip; 5 a first coating disposed over at |east a portion of a
surface olothmesssefice; and G a second coating di sposed ogi@pheast a
portion of an exterior surface of the, body. 1 25. A capillary bonding tool
according to claim 24, wherein the first coating is 2 a polyner and the
second coating is other than a polyner.71l 26. A capillary bonding tool
according to cl ai m 25, wherein the second coating 2 is one of an al um na
and Si 3N4W?11 28 met hod of manufacturing a capillary bonding tool for
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1 6. A capillary bonding tool according to claim 1, wherein the coating is a

o

polymer.

1 7. A capillary bonding tool according to claim 1, wherein the coating is at
2 least one of i) a polymer, ii) an Alumina, iii) SisN, iv) silica v) a combination of 12% silica and 88%
3 Alumina, and vi) Diamond like Silica (DLC).

1 8. A capillary bonding tool according to claim 1, wherein the coating is a
2 polymer disposed along an interior surface of the orifice and one of i) an Alumina, ii) SisN,, iii)
3 silica, iv) a combination 0f12% silica and 88% Alumina, and v) Diamond like Silica (DLC)
4

disposed along an exterior portion of the orifice.

1 9. A capillary bonding tool according to claim 1, wherein the coating has a

2 substantially uniform thickness.

1 10. A capillary bonding tool according to claim 1, wherein the coating has a

2 substantially uniform thickness of up to about 2.0 microns.

1 11. A capillary bonding tool according to claim 1, wherein the coating has a

2 substantially uniform thickness of about 0.1 microns.

1 12. A capillary bonding tool according to claim 1, wherein the body of the

2 bonding tool has a substantially cylindrical shape.
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;; bCl ($10% &10%& ( ) '1@.10%& Jaﬁﬂlar}@@ldmg tool according to claim 1, wherein the coating is

2 formed by immersing the bonding tool in a coating material.

1 17. A method of manufacturing a capillary bonding tool for bonding a fine wire

2 to a substrate, the method comprising the steps of:

3 forming a cylindrical body;

4 forming a taper at a first end of the body;

5 forming an orifice extending along a longitudinal axis of the body; and

6 coating at least a portion of the orifice with a polymer.

1 18. The method according to claim 17, wherein the coating step forms a
2 substantially uniform continuous coating having a thickness of up to about 2.0 microns.

1 .19, The method according to claim 17, wherein the coating step forms a

2 substantially uniform continuous coating having a thickness of at least about 0.1 micron.

1 20. The method according to claim 17, wherein the coating step comprises the
2 steps of’

3 forming a precursor monomer at a first temperature and a first pressure; and

4 , forming the coating from the precursor monomer at a second temperature and

5 pressure.

1 21. The method according to claim 20, wherein
2 the first temperature is about 690°C,

3 the first pressure is about 0.5 torr,

4 the second temperature is about 25°C, and

5 the second pressure is about 0.1 torr.



10G 10G3" 10%38 () - 109%6G&' () -$10%GB & () - ; ; K<<<d=aBbC! ($10

C$109&R () - $10%r& ()-!9' 109%& () -

S$10%&' () wioX2osE () - 109&' () - d==>#2{ ??a@EbC! ($10#$10%&' (PcHSMONE k) -

C$10% & ()- " $109%& ()- $10%&R ()- " $10%&R () - a@AABB* CCCr?4C

108" 10%&' ()-f!0Y, 5&109& ()-T! 1&10%&' ()-TY. #109%&' ()-S #10%&' ()-S #10%& ()-S

CCCCCCADDj HC!' 10!'4 ' 10%m& ()-!9' 10%&' (Jo--F" " 10%&' ()-L10%& ()-L10%& ()- 10

10Dl EEZFXFF, GxY: HC! 10: $10%&' () - 10%&' ()- 0'10%& ()-!0 " 10%&' ()-Io

'10%r&'()-'0 109! () GOVHH Iyl IA=HCl 10 V |, 9%0%& ()- ! |, %d0%& ()-
1,040 ()- : $109& () Themebgd S(Cyord%mm(%o Whmmﬁw@furjmww is

109an%&' form&d fr&ﬂ%&r(’éra-)@@%ﬁe mmm &%&Qra)ao{lﬂ 15040000 &b} 1.0 tdrt SoABRIRS 4 ) -

1 IVIINKL7L{ LdEXY: ! %$10‘V&'

$109&3() - Ebﬁ‘ilewt(d}m%%‘b@&“% 9b°§ B () - {LLLI\/bM(NNdExY !

1OF$109%& () - F$109%& ()-f! 109%& ()- " 10%&: ( % f 109 & P: PAEXY
<1 10R$109& () - F$109%& () TP‘L'@RI&@WC?F)*I“% 0"21%}&3}' Yﬁfﬁé& 1%%“@1( %“%%E ® V- S
Nor maly" " biem@biR@rahid @ye préﬁﬁﬁ@mﬂg aégﬂcﬁan mbi 'ﬂﬁn@a%inﬁed to g6l sAghebFloge of 1)

" Headi ng 53] ¢" "Headi ng c" adi ng 73] c" "Headi ng 83]c" "Heading 93]c"A

" Def adl t Pﬁ'rdalgraéﬂﬁ)ﬁﬁ?ﬁ"@ @@nﬂﬁ@w&w b $a@ P23456av PE{; (*9%169;

d=a@cD, d t J{LN: P789; 4< =>7 FGH| JKL%IODQ?STU\/GEI mes New,
RomanAri al Couri er N&W'h I%PPV%?‘B‘ 8 @r¥eifsito a substrate, comprising:
L #$%&' ()*+,-.1/ 01234%6(? , <=>?@\BCDEFGHI J KLMNOPQRSTUVWK
ody portlon,
3 a working tip coupled to one end of the body;
4 an orifice extending along a longitudinal axis of the body and the working tip;
5 a first coating disposed over at least a portion of a surface of the orifice; and
6 a second coating disposed over at least a portion of an exterior surface of the body.
1 25. A capillary bonding tool according to claim 24, wherein the first coating is

2 a polymer and the second coating is other than a polymer.

1 26. A capillary bonding tool according to claim 25, wherein the second coating

2 is one of an alumina and SizN,.

1 27. A method of manufacturing a capillary bonding tool for bonding a fine wire

2 to a substrate, the method comprising the steps of:

3 forming an orifice extending along a longitudinal axis of the bonding tool;
4 coating at least a portion of the orifice with a polymer; and
5 coating at least a portion of an exterior surface of the bonding tool with a non-

6 polymer coating.



