W REBONDI NG | NSULATED W RE AND CAPI LLARY THEREFOR
BACKGROUND OF THE | NVENTI ON [ 0001] The present

WO pwse490n rel ates to wires for connecting i nt Bgr/aS®d4/022512
circuit (1C) die to | eads and wi rebondi ng, and nore

mﬂgﬁﬁtﬁ%‘hﬁﬁ&ﬁsﬁ CEHEBAWIREN NWSEUP%@% @&%ﬁog

S
die s typl SQPW SERAVED IR THE IV o Lo
[OOOIf e dislg{ aér%sgﬁ rlgﬁen 198 r@r {?5 w1r§ {orr] %Ig{egprgg%?eérateg CLI’CUI QIC) die to

leads SWgeddRdingPanEaete pftidulelys s inetioe owllabmdlﬁgmulated wires.
WI re bondi ng. Wres may al so be used to cross connect

pads of the die or to cross connect |leads of th
l000215 u bs%rr R die ypamall devies foswed A A SEBORGILOTAY AR, s as a Siicon

wafer 86aPS e X ﬁfgwtaﬁ Eetrﬁ% tm.&&eﬂﬁfa Ao alsUhGRke &f}%@camer
is a continuing d for nore dense Integrated
for intefcopnct sedisyratutiont IB@ntl padscmr the slpmnd elegricalty exmected t leads on
ze or. footprint edd vice, There i
the sugsitgage \glt]a wares glaf%llre ng n@a HGISB bla?cgtotc(SOﬁs(ggnnect bond
pads &%MIE bP® drBsshtioghecd A4 bf 8BS s@straeN TRE icO MErel Bhdve R trhidre
die and the substrate, and the need for fine pitch
then eamSldhﬁeda)fqrmea mck@ged\ﬂeV@e bondi ng. The di aneter of the
bond wire al so has decreased. For exarrpl e, pitch
ppl f
[000312 i r}l:h%?et C%Q:%nﬁ'r?tﬁ c%? : onrgil fgg}e?l% egfge! ﬁ‘laﬁ é@lt&ﬁ%&'&qthout a

corresm\tﬁxhgammte mshebﬁzmgr fdotpeint of tha packapedddvide. alrlmlrd matsbcmiesue
using 17" m di anmeter wire. [0004] Decreases in
for ez inBsrRd GRERHEY orICe et lf“fhl%‘h qnsidigs PﬁCMﬁ%ﬂqlﬁé’ea\‘F&“ the IC
t
e s B R R AT o 8 AR 0 e
diametbe of the bosd elircadsodtias eecranseds Fopaxmpld, 63as, pitoh applecadomes. use

This shartin dur, I.C die en | ation
251um ey i ARG SO B RIS AP B B PO BEECB e
Develpmédt d6difs déte foP & 37if Piteh BRYIdhileh KHEAPAI alincfR AR
the wires against another conductive structure. Parts
that use smaller dianmeter wires tend to have higher
[0004]5i r Desvrasgs in pjtele and wine dipgnetersapsgrdeificyltics bnhangling ped wire
bondmg( yFo(%%gererePl tur ? Ea%é?nte%%ﬁﬁlggﬂgn ?J] gtrhgll 9(91%}1&?@3%\/&‘!{8&&5 of the

onding

packagsl dégice CaucR ds BiheLwires PRES; Ila’alié Sor tierdié. h’EhlS @B@ndg lBytbecur during

That is, a
IC die encapsulation as, for example, from “sweeping,” where the injection or transfer of the

liquid molding encapsulant moves the wires against another conductive structure. Parts that
use smaller diameter wires tend to have higher wire sweep rejects. Using insulated or coated
wires may decrease such wire sweep and shortings. However, it is difficult to obtain good
bonding quality when using coated wires, especially for the second bond. That is, a
wirebonder makes a first bond at the die bond pad and a second bond at the carrier lead.
Non-sticking on the lead is a common problem with insulated wire. One attempt at
overcoming the weak second bond was to remove the insulator using an electric flame off
(EFO). However, performing EFO at the second bond requires a special wirebonding

machine and takes additional time.
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wi rebonder makes a first bond at the die bond pad and

a second bond at the carrier |ead. Non-sticking on the
wo e@d/ 02490 conmon probl em with insul ated wi re. PCNES2004/022512

attenpt at overcom ng the weak second bond was to

[000{]2{:% _etpihﬁeﬁgglyglfvféln (tér? {)@:\J/fdeag nEEl@a %acﬁc »{/i%elegcglféllz':anies@%t%g or coated wire
using' £AM daRBwaelSRReH bt imgfr@&ag it tghdiBRCqUalg ke §e2l586 bond.

addi tional tine.[0005] The present invention provides

a method of wire bonding insulated or coated wire

using a standard w rebonder that inproves the bondi ng

qual ity of BRIEFPESCRIPTIONER HHDBFRWANGIN OF THE

DRAW NGS [ 0006] The foregoing summary, as well as the
[0004]0! | Wik e finh@blredatescwelphd @8 féliowihg tiewil@tidescription of preferred

enbodi nents of the invention, will be better

embaogifaeiis OB insarom vl bebekesijnderstood vhen repdiin sonjypetiietith the
sppefe8 PR gs. Ty PP Iy KT RANG Bre shown n the
drawingatmbodinenssbkattake/presentle ipreferred. tIt shomid be edenstolad, hvwevdkr, that
. however, t@at he invention is not limted to t h%
the inyegiiqrsis ngf %H&‘i??éh? Bresig aFﬁ%&WI?HErﬂ"QI‘Wﬂ“B?“&%&%? ow. In the
draw;n?_ef_ drawi ngs: [0007] FIG 1 is an enlarged side view
of” an electrical connection in accordance with the
present invention; [0008] FIGS. 2A-2C are
[000dr osFIGekcisiangalargadeids \a¢w af ai electboridennassiph fin agoprdance with the
il.l ustrating a nethod of bonding an insulated wire to
preseg lﬂg?f&loﬂad i n accordance with an enbodi nent of the
present invention; and [0009] FIG 3 is an enlarged
[0008)er SPEGS.i /e 2€i aed\crobs-sectionl vieaws\of taividrd Bondeceipiliing dlustrating a
an enbodi ment of the present inventiaon. DETAILED .
methepgtaichandinedgy ol BrEMERIED berbPss INEgEdprse 1yih amgmbodiment of the

1 3 ) cription set forth below in connection
prese\?\n{sl:ngéétﬁ)g’%ggended drawings is intended as a

description of the presently preferred enbodi nents of
[0009]he FHv.ehisiaomrnlasged pesspacivei vikve nfiedaptilbary ¢iprie seqvrdanie with an
i n which. the present invention nmay be

only farnms
embo&l“ﬁ%‘ltiog&f.pr?ste“f@V?rﬁloﬂe under stood that the same or

equi val ent functions may be acconplished by different
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0010] The detailed description set forth below in connection with the appended drawings
is intended as a description of the presently preferred embodiments of the invention, and is
not intended to represent the only forms in which the present invention may be practiced. It
is to be understood that the same or equivalent functions may be accomplished by different
embodiments that are intended to be encompassed within the spirit and scope of the

invention.

[0011] Certain features in the drawings have been enlarged for ease of illustration and the
drawings and the elements thereof are not necessarily in proper proportion. However, those
of ordinary skill in the art will readily understand such details. In the drawings, like numerals

are used to indicate like elements throughout.
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enbodi nents that are intended to be enconpassed within
the spirit and scope of the invention. [0011] Certain
wo e@s0z81 i n t he drawi ngs have been enl arged fPCT/E85204/022512
of illustration and the drawings and the el enents
[001%%5@% ’p‘%{s o Sug\t/eofgr? $§P VIde rs'aXn%(tH?cF&o &%Paﬁnggﬁﬁéﬁ%ﬁg a first device
to a Jee@di deWidéWdﬂf@iﬂﬁhﬁat&dereddﬂxalrﬂleshod inclutes we aepngl, |ike
nuneral s are used to indicate |ike elements

t hr oyghout . [ 0012] The present inve provi des
[001 3t héermype é&‘é?étbPP%BY Pjreending flfﬂg, cod ?ﬁo WP fnsglagadcuing tp afirst bond

pad (foﬁcof‘ t eC %e%bgh:léfhdang *él)ﬁﬂe%gn%\‘lh"e%ona_ RereMRb MR irst device;

I ncl udes thé steps of mng a first bond by
wi rebonding a first end of the insulated wire to a
[0014]; r sthb’mgja vrdf atapilbasy hplding e bpudwire uerdhe surface of second bond

pad 0‘3 B! C%:ergé)gcf %Jcs%n Xt Lg{é%o%l{i] gvu%ﬁé‘ glb\g‘g% S?tévggn h% éﬁaaﬂfa%' ttq?,| %nd the
secomPbhdatl theneBy tdahﬂg wﬁo@aavlﬁa‘mgﬁ@tmobamt rask Dportibieof a metal
second device such that the bond wire is rubbe

core pethaadre qontactsdhe sacand bendpaghand he second bond pad,
thereby tearing the bond wire insulation so that at

[001§]easﬁ)8@(gﬁg 5{)%5’53 tffe éﬁo Bﬁt‘tb(gno(gqhgf)oﬁ 1réNtJ tﬁ Q%B@%Bﬁd pad via

he s I ng at east the
thern@ocpopedtsipo ibbnding, clherehyeelb«:mdalw coantainghiee St devdcdbamidhe second
.pad via thernoconpressi on bondi ng, thereby
dev“%r ectrically connecting the first device and the
second device. [0016] The present invention also is a

[0016Pi fﬂheweséﬂrm@n%ﬁ ake msd@&apnuhrwmr@fwﬁrmnaanhIvbméwme@ﬁpluary
a cylindrical tip throu whi ¢ bond wi re protrudes,

has aglylindiigal ap thyughy whigh fddp@ed vfiretpietredepi Wheseip anutes @gﬁ@weﬂtﬁ the
Capll[ag%h?!}‘?l? o telarr]l%glaral :1 EI[ ég @(&Atﬂ\g o?lgln a[:ea d wre.

ererring n arge partla
side view of a first device 10 attached to a second
[001Tevi RefelZnghdw taFE@ AL, edl eﬂlargjed,spalr@dl eiflewigve ofld firgpevdce 1@
encapsul ation, The first device

10, ma e a .
attachedfpAoRERTCtdsvIcadeiMEl BeRAFILT insvlate %{5% éaexaiqrit? gpgapsulation. The
first Zlé?/'i&eﬂ) Be §kédu€81‘fhu%g}?%l5%@é §ich H9Gn %ﬁ@%ﬂ@d@ﬁgm? foriéd on a

may a so u

e a sem conductor devi ce, as a bottom
silicomrsubsivats. Tiieasebonchdesricadl@eda)dalso b@mﬁergmmaiuctm devoovsuelr s a
r.esent referred enbodj nent,

bottogrgqlrt lgg(eg%le jnLa éta dig.confieuration, wgverlvﬂur %1(3 p?eesgr?t?ydpreferred
embdhEACihk 3Edohd dElite li isSNOMeror substrate. More particularly, FIG. 1 shows a
die bonding pad 16 of the first device electrically connected to a lead finger 18 of the second
device 12, which in this case is a leadframe. The first and second devices 10, 12 and their
bond pads 16, 18 are of a type known to those of ordinary skill in the art and detailed

descriptions thereof are not necessary for a full understanding of the invention.

[0018]  The insulated bond wire 14 of the present invention comprises a conductive core
coated with an electrically insulating material and is suitable for fine pitch and ultra-fine pitch
wirebonding. The insulating material prevents the wire from shorting to other wires or other
conductive structures. In general, gold and aluminum are the most commonly used elements
to make the conductive core of the bonding wire 14. Both gold and aluminum are strong and

ductile and have similar resistance in most environments. Gold wire is sometimes doped
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di e bonding pad 16 of the first device electrically

connected to a lead finger 18 of the second device 12,
wokiosk249m t hi s case is a | eadf rame. The first BEMUS2004/022512

second devices 10, 12 and their bond pads 16, are of a

ot di Ki th
with 8Bant it et forb BB e RLPBRte S5haiee o SebT e B Ayminum
wire fsUdftenoged SAtBRMicos opﬁorﬁélﬁnésﬁﬁzﬁgrﬂbsh@ﬂ to [RPAIE it Beeaking load and
i nsul ated bond wire 14 of the present invention

elongasiap prregstess. coriddition e geldrand emipmygapien palladium-alloy, platinum

o AR D3 R, T Tl PP b s

wired 418 ubﬂlajblwoﬁ%rﬁfecmig die a)/ﬁthISatésh evithi the wﬁne&ineéj&bfgtsiefegteﬁ(based
other wires or cg conductive ﬁ@ructures
}

on, agoRg PHer tl@@ﬂSdp%mt (he hand wite 14 ﬁé&me&frﬁﬁ&ﬁi‘xﬁea dhept 15um
to abgllteﬁﬁ.(l]ﬁ,s‘alltlélguﬁp xtchgrn&@f‘ tivEs th& Ge Qdedtahe t@ﬂ%rﬂﬁm should
W ré 14, Bot g

and al um num ar'e strong and ducti |
not batichited\te a particular bmaiswse dirroetdrn Imp ptefamad enondemeny, th@@ﬂlwlated
sonet |

wire 3551 4 R EESRBSH A bof g Sy ety s o

orgaﬁ@ﬁ{shraqv&ﬂ&itﬁrg halidBlaNkidkis§ 6f dbouPd 58 &Rt 20tubh that can be
|'icon or sometimes magnesiumto inprove its breaking

themhabla!dieawm@ﬂed dyring bee plabdhéqrmagon | Rurghedi the wivetld pyefiernbly has a
and al um n C ium al |l oy, platinum and
meltlgg?merggﬁﬁ%o 08{ gf’da%o :;%* (:novvn. Xs !Os known by

those of skill in the art, various Size wires are

[0019)vai Tablenieetio oMthe oiifeny aﬂlthie diobonding pad Bsis refietrbd tdikerein as a
Wi re size being sel ected based on, anong ot her,&ip Erl h
n ine

first bopgl q@ﬁttwonvﬁ@l%ahwrré 14 at the deag finegrit ay 2 shco
prese@glg?}eféém&% Ot th\":‘,gl st t né‘# DEHOSb ARG rthedée@?ﬁf Bdnd is 5a wedge

W res may be use e I nvention should not
bondl iThietterch ‘warebomding' iicgenarallly apckpteidrte nuban thet ietercdnnection, via wire, of

referred e the | I
chlpsgq [)gxfat qbggli gequp]g Qﬁg ns;}qﬁﬁe Ywmérreeﬁsmlggsfgréned on one end
of th@ AAklang 1391%1@&%& apdidst it ﬁ&a @frtg@e 515;11&98 tﬁhabhw ﬁaag%tfbﬂlgcd with a
havi ng hi cknéss of about wm t 0 about um

hydr?gmtﬂmrb@paﬂe rhﬂaldayllldefqumb@sth@ b@lhagamgst fheé@néupad,tﬂ@)ﬂlthen
: 14 o]
whilg B0 et e et gyl Fabtist TS 9ebE s e

ball tlilge GieNOREé tHeballfis bétRlewhd e We id, tH&Qaﬁﬂll@ryb Whﬁiihrlg stillolding the
16 is referred to herein as a first bond and th

wire,dpmeved Pel agecandebopiing pad, saeh anhe leaddramefieger 48, ta which the first

pad i Ec&?gect%ﬁ&glalnégﬂn egd gf;}]%s\ﬁgé is rcpsrs%{ :g] Eer%gtéqgo néc)fglgg[ﬁgtand once again

ultramdgﬁlebg?ﬂd applied uneif the' wite ie bondtidrg'the &cq&j’lmdal"lﬂyt caplllary is then
epted to nmean the interconpnection, via wr S ?
llfted off the bond, breaking free from the wire. Both wedge bonding and ball bonding are

well known by those of skill in the art.

[0020] Although wedge bonding is well known, it is difficult to obtain a good second
wire bond when using insulated wire. Oftentimes the weak second bond is due to the wire
insulation still existing between the wire and the bonding lead, preventing good adhesion.
That is, there is only a small contact area between the wire and the lead, which is at a tail area
of the second bond. On the opposite side of the wire, a greater portion of the insulator is

taken away during wedge formation. The weak adhesion is evidenced in wire peel test
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chi ps and substrates. In ball bonding, a capillary

holds the wire. A ball is forned on one end of the
WOWR00s/024%01 | s pressed agai nst the face of the cepi/UbmNY022512

The ball may be formed with a hydrogen flame or

a
resulBsa nd é‘ﬁg?hlfeeﬁgﬁg l@\h?{)ﬁ/lsﬁ) hg ﬁnd F(‘he FP%%%&%E [r{% egonrddoond and

al ns
a 11ft1fngrf§1fce Rsbpligd, tth@sipiesti thé §ﬁr¢rigth ofstha @‘iﬂoh& dond\idhekion to the
bonds the ball to the die. Once the ball is bonded t

lead/pors. Enselapsaldfinerice anshinsylated ultigriing vire uetaiIV|estitdFWgIOtvh\élre peel
strené\f o, dv%rddg'}/eetge H)\(&? %%\%EQ%E 9&%{15 ItH@ res meﬂﬁoﬁ fovides a

frame f1inger Is to be
methed ef tvedgeabdnydmgcamnnnﬂz&eki with enol\mdleg a mephaamm dbmgan nEp that

t he second d an ul trasoni ene
involy B PR e IR o A ABIR0L E B R T SYhe hecEce o grcond bond
pad shBf t}ﬁtaﬁ’l'eldoﬂfl WiteSs hibBad bét%@rgth@fcﬁ ﬂlgl%/ tﬂpﬁﬁli th@ E&%KH B6nd pad,

free fromthe wire. Both wedge on i'ng
therebyp tediing therteondayire llnnd&wprtﬂp thitas keastfa mmdm ofi the me@al &pre, of the wire

comagi 500 PR DREITA O OB R BB k& SBrH: bl cagtay

t1p1sltﬁé@{oaénﬁdndﬂth@meéﬁahﬁmwf@§0ﬂ he weak second bond is due

to the wire insulation still existing between the mnre
and t he bondi ngq’l ead, preventing g%ood adhesi on,
[002115 Ristareng 80w e FIGS. 2ato 2Co Srasareectiopalay it Ak ire ﬁender capillary

e
wnhgnemmemnmntmnbapmﬁmﬁhemnmmuMambmwhsThakeﬁlawawndmmMmghahok

22 i gy TR R 2l P R 5 e s g B g 15 by
the cgl Piﬁ?‘%u')ﬁ%&dﬁ oWhe FreRnP}ivERiSh, m Pﬁla?ﬁf@ﬁ%@ﬁ%v&f‘d

ting force is applied, thereby testin
hodzsnuatly\ gvé¢r thé surfree obtherehddfongdr 481 hubi tbat theabctrtdeﬁre bdlispoubbed

beowiRH iR s S vUpy S e PRBts s TG Bhghats i Wi 14 afer it

has beMEMePEEfrbMaighe Vs 18ftfaEroRe ke 1§Jdrfa@ﬁi 8. pS @Bl iB&Ventidh€ of the wire 14
present invention provides a od of wedge bondi ng

againghthe rh@dlfmgedlwauées Fiehiiy @fgthebwbwaﬁ ilftsalatlab p@dlabat leasép portion
of th%ha%ll Icc?r\é% f Y wﬂ?# chntfﬁcftst tl,he leafl fﬁlg&apé | %@%%mg\g hg gﬂl}g%otnlagmre 14

wre over e surrace cond

acrosk liigd lehdEngond, thefmsodomptdsbioa Bohdihgaeperfonted Rbdndahy wite[d4 to the
t he second bond pad, thereby tearlﬂ? the bond wre

lead fallggqmlﬁt ineieby gloewiggl y foMEgHnE the ﬁEﬁt fevee B anchide seqoaq device 12.
The \gfr%ée er ragﬁ%nwog%ﬁgﬁ@@%hgggglsg r ougﬁene Cg%cH etl-|j§ in‘order
to achiepe arsamewd of meelnindrat ebrhdien mexhd o at thensakition coatmg on the wire
14. In the presently preferred embodiment, the wire 14 is moved two to three times
horizontally in such a way that the capillary movement has a combination of a positive shift
movement (away from the second bond location) and two negative shift movements (towards
the second bond location) over the surface of the lead finger 18 before any
thermocompression, thermosonic or ultrasonic wirebonding step is performed. The amount
of energy required for ultrasonic bonding is very low and is about the minimum amount of
ultrasonic energy used for ultrasonic bonding. FIG. 2C shows the capillary 20 being lifted
off the bond pad 18, after the mechanical movement and the thermocompression bonding.

The lifting of the capillary 20 breaks the wire 14 at the bond.
5
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[0021] Referring nowto FIGS. 2A to 2C,
cross-sectional views of a wire bonder capillary 20

WO bdoaseasat i ng a net hod of bondi ng an i nsul at edP@u/U820844022512
to a lead finger in accordance mﬁth an enbodi ment of

[002%] he 'Hl e . %ciompﬁegsts{o%%o 51% 8 cludes %@6%{1_3?1&%102%% h% ) %ﬁd pressure

hrou I'n t

to attidh&hd\mle 11140 e 1eg i g%iss&dEa@al artfehtetil&aplﬂle@cbrfal heged pklestal (not
%the capillary 20. According to the present
showp}revhich rﬁhe lp%frelas 19 loggted oipbqtly map b usen/OEeRsfteASAL dPthe

N e

perfoanet lisli'rfg dueeeatly laﬂzghableleueHéhd‘ﬁrs,chls hoths stdieasvthe ESEC 3088 iP and

PG S T D N T T CH U

belovl. & Jn%ﬁoﬁél%&%dﬁﬁéﬁ? Qe Rad BALINS Ry lgehﬁea%r\gltw\’a 'ld’cal heat source
i nsulation so that at least a portlon of the netal

24 privo teethemavireg oif the wird 1dagniasitthe tehé fingerdl 8fmmg®r ta BICTQQSQ de
. th :
effocq R gL oL e S B4 8RRl P rrBaT s gk el
wire 14 to the lead finger 18, thereby electrically

[0023q onnReéfeirit ddwetd FIGS B, dgréehtteenllfrgad gerspeetise omdoftthy 'up ef the
12. The wire 14 may. be noved back and forth one
capillpgyr 20 if isheen. odhe Phawin) thadramiing die cegillapy 30 may hewe aevlindial tip

with ?Hol@mwﬁ] h \gfllcﬂ‘zﬂxféﬂ'@(ﬂd%k%@fr@&éso ?‘E@%Fﬂﬂgr a{ﬁ@ﬁia&{ﬁom

sulati've coating on t esent
ceranm: eﬁ@stﬁd)reutb)omteﬁals astanetypicaBy hided. Hoveaver Whme 4 gypical capillary

three tines h taII ins a wa
has a gQlh 14 RO A MHAPOI ORI P O PSSt B REary dh tp of the
caplllﬁlﬁl It is TOMERER in(RNR Yo EfANEd ARaFGFONEe hﬁﬁﬁtlbﬂ’ Qatih@m: movmg

two negative shift novenents (towards the second
step. Ddord plamcatalrlant)he ouer surfrse ofitheaapillafy 2(his roeghgnéd arglras a

IR CN L O A SR ———

of energy required for uItrasonl c bonding is very | ow

[00243nd The plasunk ifveftidH KisBeeR FURL IS poWidd!the R3Oy flvan@yes: (a)
used for ultrasonic bondin FIG 2 shows the

near eligpinati ot of rioCtiEY AfPart fueie New-Stickombens 5 dke segondipangwhen

wins 8 FGTFD s (P T900 iy o

insulatéd wird 4t tht sédoad bond witB AR 2crddsed tvive potitmanppees stremgth; (c) new or
bondi ng step i ncludes a conpbi nati opn of heat and ,
modlf;affde%aw I AR 0! (DB PGBt 1oF dhe R a7y tigyefd) pare

hortift W)€ Altfadle BRI ek RAKdOle) Gn BEREH e ARAEE6ADoI]

Sho lsgoan(g > on ﬁhi ch t%g cieeag fdr ger)renl s*1ocat ed or 0 r%l)?g ave
fine filer iss@t raqoirger(Erth¢ esehddine cbated hare enables Cross bondmg, (g) the pad/die
design rules do not need to be restricted to peripheral pads only; and (h) decrease in electrical

open short rejects.

[0025] The description of the preferred embodiment of the present invention has been
presented for purposes of illustration and description, but is not intended to be exhaustive or
to limit the invention to the form disclosed. It will be appreciated by those skilled in the art
that changes could be made to the embodiment described above without departing from the
broad inventive concept thereof. The present invention is applicable to all wire bonded
package types, including but not limited to Ball Grid Array (BGA), Tape Ball Grid Array

6



present invention, the tenperature ranges from 100 C

to 200 C. The wi rebondi ng nay be perforned using
wae@eosemoby avail abl e wi rebonders, such as the BUDOSHS4/022512

the ESEC 3088 i P and the Kulicke & Soffa 8060, with

o GEL B, P BRSOy B
(QFH)] Srgait Oﬂiﬂmehﬁtegﬁi@dde@irw'lﬁ (80AC), aadkhipsaile package (RIP)Mh addition,

to the moving of the wire 14 agai nst the | ead finger,
wires avinEdBpUIBler FaRInGBERY flie be ifkibicoBIRes QtheF LYPRSY| conlesive
struch G A Nage 1T AR o NEEITER, LHERE] VG RAGHG imiced o
the ppeicsjaeembydimenedisdbseti it copero motlifeagansi witlen yhe2@iritsand scope of
shown. As shown.in.the dra the capillary 20 may
the pRSERY 1aveRyipn ﬁﬂ&%&rﬁg byithe Wpteﬁéeél HYMS- ¢ hr ough whi ch t he
bond wire protrudes. The capillary nmay be nade from
ceram c, tungsten or ruby materials, as are typically
used. However, where a typical capillary has a polish
finish to produce a shiny bond, according to the
present invention, the tip of the capillary 20 is
roughened in order to enhance abrasion of the
i nsul ation during the noving step. Mire particularly,
the outer surface of the capillary 20 is roughened and
has a roughness of between about two to five tinmes the
surface roughness of current capillaries. [0024] The
present invention has been found to provide the
foll ow ng advantages: (a) near elimnation of
rejection of parts due to Non-Stick on Lead at the
second bond when using insulated wire with a standard
wi rebondi ng machi ne; (b) enhancing the bondability of
insulated wire at the second bond with an increased
wire pull/wire peel strength; (c) new or nodified
Wi r ebondi ng equi pnent is not required except for the
capillary tip; (d) wire shorting rejects at nold have
been decreased; (e) an expensive nold conpound havi ng
a very fine filler is not required; (f) the use of
fine coated wire enables cross bonding; (g) the
pad/ di e design rules do not need to be restricted to
peri pheral pads only; and (h) decrease in electrica
open short rejects. [0025] The description of the
preferred enbodi nent of the present invention has been
presented for purposes of illustration and
description, but is not intended to be exhaustive or
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tolimt the invention to the formdisclosed. It wll
be appreciated by those skilled in the art that
waebasgeocoul d be nade to the enbodi nent descrP@BUS2004/022512
above wi thout departing fromthe broad inventive
concept thereof. The pre lfavention i s applicable
to all wre bonded packa;(zﬂ{\%gs, i ncl udi ng but not
limted to Ball Gid Array (BGA), Tape Ball Gid
Array(TB&), Plastic Ball Gid Array (PB&G), Quad Fl at
1. NoA negwbd(aeidciriodll p domeatinga fiksh devi¢eJoR) sec@rhddvicuwith areinsulated
. Integrated Ci.r.cui.t (SO C), and chip scal e package
Wlf@,(‘&f‘éﬁ?‘.“"iﬁﬁmaa’amHW,S{%SP s having insul ator coatings
NEYrrAing @ RS BoRe @)yt\ﬂréb@ﬂmgh fRétRaa of MRafsuPited WA WS h ifiy® bond
structures in a packaged TC. It is understood, _ .
t her efped ef theriast deice, thergenelegrically ¢ranetingtheBondywirgand the first
parti %u\lliaer:, enbodi nent di scl osed, but covers
modi f i€4tTons within the spirit and scope of the
Preswng a tip\of Atchpillagsholidihg thedohy wikevephendsface of second bond pad
clains. CLAIM5 1. A nethod of electrically connectin

/ L y g.a .
first ofithgisseondglexicg segniaibe berd wire bs wrbs g vagreige capillary tip

wire, - ; -
Fivet hoRs Ty R S RER S AR RnSE P ol el dApsyption s
Wi r e tlatat feast atponomcbfpadetelf cordef the mste abatactsahe sdeenébynd pad;
el ectrigal |y connecting the bond wire and the first
devi c@™noving a tip of a capillary holding the bond
WHoRdAY GE le‘%angh§éb€ﬁo§€@%c9{ior§ SCABGonPRite @ theQbcddiona pad dia
devi ce such that the bond wire is rubbed between the
capi | tersbyt élgrtagudlytchanesting the fiystindt visgdini dhd seoondaddvyce.
thereby tearing the bond wire insulation so that at
| east a portion of a netal core of the wire contacts
2.t lhesdaromuh]l bamdctadmetand obclaidn hgwhereingbe moving seepgocades

mov B S B SR IR b MG PR PR fapsiiv
shift t3Gem&RINE FiE8 Uire&ionover the sEdoRatbohs phd SRNDRELaLI08 SHTRIHGEment
of claim1, wherein the noving step includes noving

movetih@ seequid|dizgetjon pyer shectgcarshondipedcapi | | ary nmoverent has
a conbination of a positive shift novenent in a first
di rection over the second bond pad and a negative

3. sliihietelevtricahesrneptionemgthod ofeleiom dl, Whareinttheoborsling stethimcludes

thermso(ggr%ggssk%gg gox?cﬁr?g‘ and a very low amount of ultrasonic energy.

4. The electrical connection method of claim 1, further comprising the step of using a .
capillary having a roughened tip, wherein the roughened tip enhances abrasion of the

insulation during said moving step.

5. The electrical connection method of claim 1, wherein the first bond comprises a ball
bond.
6. The electrical connection method of claim 6, wherein the second bond comprises a

stitch bond.
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3. The electrical connection nethod of claima1l,
wherei n the bondi ng step i ncludes thernbconpression
whendiozyorand a very | ow anount of ultrasonic ePer/yg20041022512

The el ectrical connection nethod of claim, further

C I e , . Cc . .
7 ooy HegiSPnlnoli Rl By 1 ORLEI AR oGl B8 B comprises a
carriéthnd sheasecofd bdnd padsud Bhd 6ingetur i ng sai d noving step. 5.

The el ectrical connection nethod of claim1, wherein

the first bond conprises a ball bond. 6. The

8. el Bfddlécatal conteessn methaaiohodimfl, firthenedmprivhey Bk Siep b€ heating
second bond conprises a stitch bond.7. The el ectrical

the secopdh bend pad RRATRO RIS MG SEPL, wherein the second
device conprises a carrier and the second bond pad is
a |ead finger. 8. The electrical connection nmethod of

9. cl'Hherplectri¢al ponnsetieomsthiod of glaim é, whesginghe Hshlatedgvifheomprises

- [ : apdhe

one IR cBARP ob ARl it Rl Sp PR REn e e o, e

insulated wire conprises one of a gold, copper or

al Lm num. wi re _havi n n ani [ Y ti.
to. ToHEARGH kyieRio BeRaBF PR ot AR ufiiRtthas
diam¥Bestess thiieabous s afned Wire has a di aneter of | ess than
about 25Mm . The el ectrical connecti on nethod of

clai m 10, wherein the insulative coating has a

11. t hTHIeI@SGcaP toeatidn Mefholl Of Slafin '10) wHeteinAle indWa@Veeebating has a
met hod of bondlngpan i nsul ated wi re having one end

thickaess 96 elad 0t5o4ra tg £.P34m.bond pad to a second bond pad,
the i nproved net hod conprising the steps of: noving a
tip of a capillary holding the bond wire over the
12. suAi mproyéd mhthod of bertlingardingaldted wire having aneend saenagieddo a first

i S.rubbed tween, t.he _capi l.l ar i p_and the second
bondgd 9 B G n RR R I Tpbff ehnbd P RERBETRE, <o

t habviag atipast capimeftlicding@thedboi twate f the@hirfhdtcofhé &cond bond

contacts the second bond pad; and bondi ng the exposed

por t | #Ad stchithat thehendayire isirgbbagbetuecnthe prpiliry 4@ apd she second

bond pad, thereby tearing the bond wire insulation so that at least a portion of a
metal core of the wire contacts the second bond pad; and
bonding the exposed portion of the bond wire to the second bond pad via

thermocompression bonding.

13.  The electrical connection method of claim 12, wherein the moving step includes
moving the capillary tip such that the capillary movement has a combination of a positive
shift movement in a first direction over the second bond pad and a negative shift movement

move in a second direction over the second bond pad.

14, The electrical connection method of claim 12, wherein the thermocompression

bonding uses a very small amount of ultrasonic energy.

15.  The electrical connection method of claim 12, further comprising the step of using a
capillary having a roughened tip, wherein the roughened tip enhances abrasion of the

insulation during said moving step.
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t her noconpr essi on bonding. 13. The el ectrica
connection nethod of claim 12, wherein the noving step
WO ps0zos1 novi ng the capillary tip such that tPer/US2004/022512

capil l ary novenent has a conbination of a positive

shift vepent in a first dir i.on oV co -
16. ot SRR eyl o el o ke e (R BG R Eomrises
stitcksismdnd di rection over the second bond pad. 14. The

el ectrical connection nmethod of claim 12, wherein the

t her noconpr essi on bondi ng uses a very small anount of
17. Ul THeASEMiCal 85R1eBNon mhothod BEcRIR 6 whatinGhnae6ehd Bénd pad

met hod of claim 12, further conprising the step of
compyisphgcarienipiserary havi ng a roughened tip, wherein the

roughened tip enhances abrasion of the insulation

during said noving step.16. The el ectrical connection
18. nefheodeatticat cennection mathed of plainh &2 sfaeberdropmiidingchester eSheating

a skitch bond. . 17..The.el ectrical connection nethod of
meS%Pgéh?T%?“&HE?é?%”?HE’gg%%%ﬁ bond pad conprises a

carrier finger. 18. The electrical connection nethod

of .claim.1 further co i Sing,the st of heati.n .
19. ¢t BT oaPT P ara iroerare DouiEayRokopprises
one oflageld, 'cﬁl?er eP AL Witkeabing adforgdnal ifbdlgu verdtatigg.n t he

insulated wire conprises one of a gold, copper or

al umi num wi re having an organi c insulative coating.

20. 20theli& it #Ebriree@bn £OIHOAGE LA MBI WRGeifth€indhldled Wire has a
wherein the insulated wire has a dianeter of |ess than
diametignoft les3har abawh @S umeandribeiinaglaive eooting hep hihickaess of about 0.5 um
kness of about 0.5 to 2.0 21. An inproved nethod
ondi ng an insulated wire having one end connect ed

to a first bond pad to a second bond pad, the inproved

mef hod conpri si he.steps of : pr.ovidi il ,
21 b ROV PO a6 boRRs B ndear SR et iEmogied o o fir
bondFaY k8 sdddfd bbiki pd, tHRanmpadel Infdtloddedipriirpthé aegs of the
second bond pad such that the wire is rubbed between

t hwoeidinigl 4 capylary pavangia tavghensd dipdfopbeldingdbe inswlatedpyire;

moving the tip of the capillary over a surface of the second bond pad such that the

hi c
to 2.(%?mb

wire is rubbed between the capillary tip and the second bond pad, thereby
tearing the insulation so that at least a portion of a metal core of the wire
contacts the second bond pad; and

bonding the exposed portion of the wire to the second bond pad via

thermocompression bonding.

22.  The electrical connection method of claim 21, further comprising the step of heating

the second bond pad prior to said moving step.

23.  The electrical connection method of claim 21, wherein the insulated wire comprises

one of a gold, copper or aluminum wire having an organic insulative coating.

24.  The electrical connection method of claim 23, wherein the insulated wire has a
diameter of less than about 25 um and the insulative coating has a thickness of about 0.5 um

to 2.0 um.
10



tearing the insulation so that at | east a portion of a
nmetal core of the wire contacts the second bond pad;
w@eashoprdi ng t he exposed portion of the wre tBCT/82004/022512
second bond pad via thernoconpression bonding. 22. The
el rical . o] f. . ' 1.k
25, CLSEPoRRk: ERNET Dy PR, B R B iy over
surfapé bfothe tapiBary beifg\bilgheatd; Baid23ughthal surfacé fora@dring an insulative
connection nethod of claim 21, wherein the insul ated
coatipg P2 €03 V&8s one of a gold, copper or alum numwire
havi ng an organic insul ative coating. 24. The
el ectrical connection nmethod of claim 23, wherein the
26. i nAgrpitled for # wighandsr.dheeapilkyy 6PmPEYRSt han about 25 am
a . . .
0. i BRSHETHOB At Gl AR AR, IR S ergin AR surface of
W r ebahggp is rotghenag rsardanegitenedspfacs forgeaingamtiasulative coating on
surface of the capillary being roughened, said
r oughérf@ated ¥ifeace for tearing an insul ative coating on
a coated wre. 26. A capillary for a wirebonder, the
capillary conprising: a tip having a hole through
whi ch a bond wire protrudes, wherein an outer surface
of the tip is roughened, said roughened surface for
tearing an insulative coating on a coated wre.
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