METHOD AND APPARATUS FOR FORM NG BUMPS FOR SEM CONDUCTOR

51 NTERCONNECTI ONS USI NG A W RE BONDI NG MACHI NE Field of the

| nvention The invention pertains to sem conductor el ectrical
i nt erconnection techniques. More particularly, the invention pertains
to the formati on of bunps for sem conductor 10i nterconnections using
a W re bondi ng machi ne. Background of the Invention There are

numer ous techni ques in comon usage for formng the electrical

i nt erconnections between the bond pads of a seniconductor die and a
| ead fram@ETHOM AND ABBPARATES FOFRDFORMING BUMES FORISEMICONDUCIOR
cammon t echni qUNTERCONNECTIQNSI USING AVIRE BUNDING MAGHINEL S
substrate using a wre bondi ng nachine. The w re bondi ng nmachi ne
forms a wire through the air between the die bond pad and the

appropriate electrical connection point on the substrate (e.g., a
| ead fEﬁMram) A typical wire bond is nmade by "ball
bondi ng" on end o
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the wi rrﬂerr@bﬁﬁéa@hwssfﬁgwr%oﬁamglHnaéa{né)ore hol e) a vw re 12
(conmonly, but not necessarily gold) is passed through the bore of a
capillary 14 of the wire bonding nmachine 10. The capillary 14 is
posi ti oned above the 25bond pad 16 of the die 18 with the clanps 19
cIosedEﬁmﬁgﬂgﬂﬂﬂﬁLjﬁﬁﬂDMEﬁﬂQﬂron1nDV|ng relative to the capillary. The

end of the wre rotrudln omthe capillary is heated by neans of
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afs thi gk, ehnelditndbRIESESNd still most common techniques is to form a wire bond

between a die and its substrate using a wire bonding machine. The wire bonding
machine forms a wire through the air between the die bond pad and the appropriate
electrical connection paint on the substrate (e.g., a lead finger of a lead frame).
A typical wire bond is made by "ball bonding” one end of a gold wire to a bond pad
20 on the die and "stitch bonding” the other end of the wire to the lead frame. More
particularly and referring specifically to Figure 1A, using a ball bonding machine 10 (of
which the Figures only show the capillary and the wire protruding from the capillary bore
hole}, a wire 12 {(commonly, but not necessarily gold) is passed through the bore of a
capillary 14 of the wire bonding machine 10. The capillary 14 is positioned above the
25 bond pad 16 of the die 18 with the clamps 19 closed to prevent the wire from moving
relative to the capillary. The end of the wire protruding from the capillary is heated by
means of an electric spark, termed “electric flame-off’, to melt the end of the wire, The
end of the wire inherently forms into a ball 20 when melted. Figure 1A shows the

condition of the ball bonding apparatus at this point of the process.



Wth the clanps still closed so that the wire cannot pay out of the
capillary or slide back within the capillary, the capillary 14 is
then noved downwardly so that the ball 20 cones into contact wth the
bond pad 16 on the die and squeezes the ball between the tip of the
capillary and the bond pad. Heat and/or ultrasonic energy are applied
to the die 18 5to facilitate the ball 20 becom ng bonded to the bond
pad 16. Thi ¥ViEbiie slampssiibaipged ae tha the wie capretdayrout of e depiary aralide
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ball bond) trailing out of the capillary. The noti e capillary
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second bond site 24, the capillary contacts the substrate 24 to pinch
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attached to the stit bond and with the clanps sti open such that

addi t i diel meiiorecf28p @ppillent betivethéhe st bomd yite dibthel sorpsd bOndisite fegn
closed and the capillary 14 rises further to snap the wire at the
weakendtflyis any particwar gotios wopmeneals dasies to pausiegheaviterto foine a loop of
conpl et ed in,t(ferconn ction, infli catgd bg/ ef erence nuneral 23 in
Fi gur e 2PRIONTAtE ghapgpeiweqp the fitshgnd sag ﬁ%@qw@; Atiie sagand kang site 24,
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ball for formng t next wre bond. The b ’bo_nd I's typica
on a bems paghsliedao seiitgtetdneirgithd compriistd portivhids e WRG 42 kStheadBsPite
the substrate, such as illustrated in Figures 1A-1E. Normally, it is

i nadvi 2dblTdig bonrhisecontraosly itetmieda stitchiond @r becshdplbaohd f At thes mhiet, the wire
because, in order to make a stitch bond, the capillary tip _
essent Nap bpempétchednutinasashbaen fullviawt. Ree sapiflary d 4ithe@rges with Siendira §2
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20 | pays out of the capillary. The clamps 19 are then closed and the capillary 14 rises further
to snap the wire at the weakened point at the stitch bond as shown in Figure 1E. The
completed interconnection, indicated by reference numeral 23 in Figure 1E, is termed a
“wire loop”.
At this time, the capillary is moved to a position above the next bond pad on the die
25 and the wire that is sticking out of the tip of the capillary after the completion of the last

step is melted by electric flame-off to form the next ball for forming the next wire bond.

The ball bond is typically made on a bond pad on a semiconductor die and the
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5danage circuitry on the die. On the other hand, the capillary
typically can come in contact with the substrate without a problem
since the capillary typically will not harmthe substrate.

Neverthel ess, it is sometines desirable to make a stitch bond on a
die. One such situation |s when i nstead of connecting a bond pad of

a die tocg | ead el ement, needs 10,to0 i nterconnect a
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(i.e., thin) sem conductor die package is desired. This is because

t e hi glhesgemicniryah the die. €0h thepother lnais thet aapilizey fypichilboadcoras irceontds
seen fromFigure 1E. The bond pad 16 on the top surface of the die 18
is at avithitgasrberaioaliihont amseblemsingdbe capblanaypisstiuwil natbatnéha s
sits on tl‘Q of the substrate. Accordingly, in |low profile packagi ng
si t uat PHR¥YE®n order to mininize the height of the entire package, |t
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than in stan rd forward wire bonding t ni ques. ccor ing

over al lto drgbhinatt atdvad paelkarosneds tdhg bbrg pan e anaﬁm\dw(herémafﬁs#@id w die
woul d not be possible to forma stitch bond on a bond pad on a die

f or t héondiagpnk tHisssiusien txitbeads nbiinelwire fohp a2& oa miond pags i glets. diaomege
surroundi ng CII‘CUItI‘y on the die when it contacts the die to formthe

sti t ch WiEhs tompem halilaneing mackineimhmike pidigriediz Wiihlogr, ene efithe iegrpes
proflle of. a eIo th vvlretendsto sag to its
| owest © l‘fﬁafé{%b%&gg Eee "E? %?P:H nd site If the stitch bond
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reverse bondi ng tact e or sur ace
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breakage of the wire. Accordi ngl'y, techniques have been devel oped to
anel i ottled Righbstspghtalilaenire @up is close to the ball bond, as can be seen from Figure 1E.
The bond pad 16 on the top surface of the die 18 is at a higher elevation than the
substrate 24 hecause the die 18 sits on top of the substrate. Accordingly, in low profile
packaging situations, in order to minimize the height of the entire package, it is sometime
20 desirable to make the ball bond on the lead frame and the stitch bond on the die
(hereinafter reverse bonding) so that the highest point of the wire near the ball bond is at
a lower elevation than in standard forward wire bonding techniques. Accordingly, the
overall height of the package can be lessened. However, it usually would not be possible
to form a stitch bond on a bond pad on a die for the reasons discussed above, namely, the
25 capillary might damage surrounding circuitry on the die when it contacts the die to form

the stitch bond. Even further, as shown in Figure 2, which is an enlarged profile of a

typical wire loop 23, the wire tends to sag to its lowest point 26 close to the stitch bond site
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5such technique is to forma bunp on top of the bond pad on the die
and then formthe stitch bond on top of that bunp so that the
capillary tip contacts the top of the bunp rather than the die. The
bump nmay be formed, for instance, using the same w re bondi ng nachi ne
that forns the | oop. Specifically, the wire bonding nmachi ne can be

used taq_pl &le a ball bond on the die pad in the normal fashion, but,
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the wire) so that the capillary tip is still within the ball, (3)
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20 notion could tear the bunp off of the pad. In either enbodi nent,
since a portion of the top of the bunp was being scraped off, this
techni que often suffered even greater problens of inadequate

cl earance. Formati on of bunps for electrical interconnection
of sem conductor devices to substrates is used in another well known
technique ternmed flip chip bonding. In flip chip 25techni ques, the

seni co e%m faﬁ@qr@a' fﬁShméw mgipg thawirei meving ée capiidniclown togress the
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such that the remaining circuitry on the di e does not contact

subst r applyindaultrasisiit entmyycues thatrthé eapilarg tbfmrﬁélb}'cbdwﬂ‘i@@u@ﬂthb@%ld near
substrate are well known, including formng 5such bunps with a wre

bondl néhereerf ke balband Smlor);hathe tf¢1330ﬁ/t/h9 bellhdé) ielisinyg titsonepilfeny witb trd clgmps
nps for r(ﬁ%/er se wre bonding. In flip chip interconnect techniques,
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to provide an inproved nethod and apparatus for form ng bunps for

sem comithct goped,emodtoed surféey 83 onégt amhaapplIoehererthe wire was severed.
It is another object of the present invention to provide an inproved
bunp f &UW@W%I&M@@ srocasgdend kahavermerecwiifesatheightappla leege, smooth

| rpr ov BHTHER WGEP SFBDAPISAP4PIEDIE SR GPRIIG TRRIRAG. HOMeyBH b o wires
Tt s BBy T PR ABPRE Bl P A SRR e Bultbl S 0 55 doPREan
i pgor ovg@a%{c@%t@ggﬁqj@gggra%qﬁe H%’ perform ng reverse bonding using
a wire bonding machi ne. Summary of the Invention
A diagonal mation to smooth the top of the ball often is preferable to a strictly
lateral motion. Particularly, while the purely lateral smoothing motion worked well for
many applications, it was found that, as ball sizes and pitches continued to decrease in
size, the force exerted by the capillary tip on the bump during the purely lateral smoothing
20 | motion could tear the bump off of the pad. In either embodiment, since a portion of the top
of the bump was being scraped off, this technique often suffered even greater problems of
inadequate clearance.
Formation of bumps for electrical interconnection of semiconductor devices to
substrates is used in another well known technique termed flip chip bonding. In flip chip
25 techniques, the semiconductor die is “flipped” such that its “top” surface (i.e., the surface

bearing the bond pads and circuitry) faces downwardly. Bumps are formed on the

substrate in positions so as to mate with bond pads on the die. The upside down die is
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In accordance with the present invention, a bunp for sem conduct or

el ectrical interconnection applications, such as reverse wi re bondi ng
or stud bunping for flip chip 25 interconnections, is forned by (1)
ball bonding at the bunp site, (2) raising the capillary a

predeterm ned height after formng the ball bond with the wire paying
out of the capillar ip, (3) noving the capillary laterally a
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of 5the capillary contacts and snooths a portion of the top of the
bufrp. Bhick buapiswitiue wirerbdraling matlaihe essenichily ar herwdudescribep nbviafor

i ncreased clearance for both flip chip _agg[ ications and reverse wre
bondi ndOANpY PEEPSdpTevese Wiss Berdngy eflipshim interegnsiect echoiques Haers is st
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provi des a sloped surface that mnimzes wre sag near the stitc

bond byoreabsinpg of beffislenthéighhaveumitorsitg fvitara wrﬁ%bddi&g%@ctﬁﬁe.t he
stitch bond. The best values for the first and second capillary rise
hei ght's, t héctandingly, itrieanebject 6f iiewresand jnvantion teeprdivisieamdmpamedangthed
of the diagonal nPti on depend largely on the wire dianmeter and the

di mensiP8ASRRarate 'k danning pympgHpcfemisendeder glestiical| infegranpesiian ne t he
size of the.ball bond that forns part of the bunp. They also wll
dependagﬁi(m'@nﬁ‘articul ar purpose of the bunmp. For instance, if the
bump is to I ] 1 : i

el ght of _t he® ST nERBRRCLAARE pfocelt IEnfortd fRolBRRm bRl Eiritfor, e
desi r edeRfddiiiucty WeRridan rtdreBinédliod $p@licdtioasst ud bunp for flip chip
i nterconnection. Generally, the lateral and diagonal notions wll be
| arger if altlisadertheroljedtiof thebprepentinvertidado provide ananpased ndthesand
di stances will increase the anount of wire that pays out of the

capi | | &pawivs o faroringbuansder saneicendustareledfical fintefeenbection sxpdioatidni
i ncreasi ng height i,s nore .inportant than providing a particul ar
surfacé‘sﬁ‘% %‘("irgé’ﬁn%'ﬁdpﬁ IN€he two rise height paraneters and the
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Summary of the Invention

In accordance with the present invention, a bump for semiconductor electrical
interconnection applications, such as reverse wire bonding or stud bumping for flip chip
25 interconnections, is formed by (1) ball bonding at the bump site, (2) raising the capillary a
predetermined height after forming the ball bond with the wire paying out of the capillary

tip, (3) moving the capillary [aterally a predetermined distance, (4) further raising the



the sane or a different wire bonding machi ne can then form anot her
bal | bond at a second | ocation and conplete the wire |oop by form ng
a stitch bond on top of the bunp. Brief Description of the Draw ngs
Figures 1A through IE are diagranms illustrating the steps of wire
bondi ng in 5accordance with the prior art. Figure 2 is a profile of a

brof 1 1 6380, B SnaPHEa the el ladi %é%waw%inﬁh%fp?eﬁ%é%@%aw th
™ i i que. .. ' , 4F
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enbodi nent "of the present 1| nvention. a pro

bunp for nedPeaferabiy the E@ilRinn pasititned fonthagiaar dageeal Wdtbnadd that the tip of
enbodi nent of the present invention. Fi gures 6A and 6

are scimniagllayeontasis and sgotishesprSavef theftop wirte Hunpedhistechnique can
15accordance with one enbodi ment of the present invention.
Fi gur edorimna iallebanm largeraanistavrroyideinsirpasacsiprancefos et linisbip ampliations
R T T SR — U N,
et b AR A0t W3 RO 5 L6 SIS YRS o
accor daing ewhretht Riestali Yondldf the completed loop will be formed) so that the sloped,
10, smooth surface on top of the bump where the stitch bond will be formed slopes upwardly
toward the direction of the wire loop. This arrangement provides a sloped surface that
minimizes wire sag near the stitch bond by causing the wire to have more of an upward
angle at the stitch bond.
The best values for the first and second capillary rise heights, the lateral motion
15 distance, and the distance and angle of the diagonal motion depend largely on the wire
diameter and the dimensions of the capillary, which, collectively, largely define the size of
the ball bond that forms part of the bump. They also will depend on the particular purpose
of the bump. For instance, if the bump is to be the second bond site for a wire loop, the
desired height of the sloped, smooth surface will generally be less than the desired height
20 when the bump is used as a stud bump for flip chip interconnection. Generally, the lateral
and diagona! motions will be larger if a larger or taller bump is needed since increasing
these distances will increase the amount of wire that pays out of the capillary during
formation of the fold on top of the bump. Also, if increasing height is more important than
providing a particular surface of stitch bonding, the two rise height parameters and the
25 laterai and diagonal motion parameters may be adjusted to provide a steeper fold on top
of the bump.

In a reverse wire looping application, once the bump is formed as described above,
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Figure 10 is a scanning electron m crograph of a bunp forned in
accordance wth the present invention. Figure 11Ais a
scanni ng el ectron m crograph of the stitch bond ends of a plurality
250f wire bonds formed between a die and a substrate in accordance
with the prior art taken froma first perspective. Figure 11Bis a
scanning%electron m crograph of the stitch bond ends of a plurality

of wi r d"HBFAS Of BifEICHNRRINHNGMECckinG can SipssiermEaciner halt bermbacsadond
the prese i_nventi t.aken froma.first p ective. Fi gure
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pl ur al igYefBeddriRidtCoE e Bfdiflghet ween a die and a substrate in
accordmrh‘%hm—g's. Sseen froma different perspective
than seen lmgargsxmtmuﬁme are dia@raf il atifg T P8 o EirebRAHNG N

m crograph of the stitch bond ends of a plurality of wire bonds

f of med doetmence withitke pridr artsubstrate in accordance with the present

invention as _seen froma different perspective than seen in Figure
8B. 10 , Det &iqusel 2 gdrrofieioda wire lopp iPaeensaangenyigtheoprior art. Fi gures

4A th h 4F | ly.illustrate th i1i f the capjll ti
and the w r 5FE 8% SrHHIE oL AU GBSOy A% AT BB TR PercratiagRe
pr Oces?Nif.hnor%?#gg%%ﬁ%ﬁcmjéﬁetcﬂﬁiHBé.eSent i nvention. As shown, the

begi nning © r et ot process is essentially identical to

the prior aFIgutré‘e?@mt%ﬁﬁh_4'?6éljeio%§r§ﬁ1@fljus¥r§§né’ﬂ%c;ﬁo°§ﬁioﬂ @thwé c‘é‘biﬂ%yadpﬁie

15short distance of the"wire 40 extending fromthe capillary

Wig e | svifd 4t vaiblis stagek ef thd I@umFa@Matti@nQ@uﬁmué intaecoRldhcanghighker ent |y
forminto a ball 42. The capillary then drops down to contact the
bond sierebotinenichidioripeesent myehtidd. agai nst the surface of the bond
site and formthe initial shape of the bunp as dictated by the shape
of the capi FigFs St B Prafgof akyry foimed Sy eviee baedigg machipspiniasgordance
formthe, bond Ee ween H1e bal | .and tt.he 20surface. Figure 4A shows the
pr ocesé“"tgtar}?ﬁ‘ o%meﬁgp he present invention.

Figures 6A and 6B are scanning electron micrographs (SEMs) of bumps formed in
15 accordance with one embodiment of the present invention.
Figures 7A through 7D are SEMs of bumps formed in accordance with another
embodiment of the present invention.
Figure 8 is a profile of a reverse bonded wire loop bump formed by a wire bonding
machine in accordance with an embodiment of the present invention.
20 Figure 9 is a scanning electron micrograph of a bump formed in accordance with
the prior art.
Figure 10 is a scanning electron micrograph of a bump formed in accordance with
the present invention.
Figure 11A is a scanning electron micrograph of the stitch bond ends of a plurality
25 of wire bonds formed between a die and a substrate in accordance with the prior art taken
from a first perspective.

Figure 11B is a scanning electron micrograph of the stitch bond ends of a plurality

-8



Next, the capillary 41 rises with the clanps (not shown) open in
order to pay out a short distance of wire extending fromthe top of
t he bonded ball 42. The distance of this rise is herein terned the
separation height. Figure 4B shows the capillary position after this
step. The capillary 41 then noves laterally in a first direction (to

the right .i res 4Athrou 4F to kink the wire as shown in
Fi gur e%gi‘i’ r Wﬁ%éeq"(%" Beiigg graigoip qcrordaecvits thepeesent

drstan I herernterrredthefold of fset. The
||3“r‘3‘§?91{“ éﬁé%vfgésrﬁ aﬁ\/{g{%&{géé;waa short distance to pay out

add' tional yidife 18RNEHAIhY e%éi}% ﬁj'.%

of this second(’j verti cal “212 \%1k Egﬂlgw st t%%’fd&héﬁ(ogﬁ@dgfo?ta ity

first tniredaindsiferengd stwelnerdie andiséraatdiarachrdaftaRahithe pfiel gt as

factor. Accordingly, the distance of this second vertical rise will

genher alsegnfionr afdéfarent passpactivatimrsperi ihikiguredd.as t he sum of the
separati on her ght the first vertical rise) and the fold

5f act or . | n mye égécﬁ alscanpipg ﬁiﬁoé(ﬁﬂé@cmlé’l efbe stitchiondends ok plurality
istob S n ar at he fold facto ssr Iya
negat | PLWBRRUE HieeiEreiRR e Bad B bsrale B actoidanis Wb TSR ¢ o
in the r I 4Dshowsthe
posi ti Or’r(]\'le(rgrﬁorﬁ %é%ggﬁﬁo Qd%r%ﬁtsaet@?e %??1% %%érrﬁﬁp F:[:éhlﬂ’?r@ process. The
capillary then noves di agonaIIy downward and back to the left to fold
the wire back on top of itself on , top of the bunp. Particularly,

ust ng Tetnited Degeription afdhy Frssertliaveniigonal notion can be consi dered
to conprise two orthogonal conmponents, nanely a vertical conponent

and a | at er higufeséd throughdFi gﬁmrelly)llltabmmﬂemostm afdine tapillany dippoddhe

is a downwar d % onent ending at what is herein terned the bunp
hei ght W*%&* IHgten fsmesarfgﬂaxew@wwp\fermrw P@éﬂiﬁ)ﬁeﬁﬂwﬁi‘an@ﬁé\“th

T5i at et PRSHACHUSRISY A% SR, B POhE b e Bybp I tBm R sds o o
ret “r”e9§ér§t%§l¥ ﬂré@'mba t@%ﬁ@@ﬁé 4t %hh?@set c{urarga h%gﬁrb?%eogtartt@% th'd St

| ateral direction,

fedd O‘Gﬁbrt@mstalzric%%ffthe Rrrefaﬂr@;aéudnng%ndth‘ét@pﬂﬂwm trRE Wil B Swith an
notions, i.e., separation height, fold offset,” fold return offset and

bunp heleg:lrtq sprie tes edieset ibth melt ehdtlnrtéwentQafprmlnatma balp42. SThe thpiltary Hiten
W re over at |least a portion of the diagonal notion such that the

20cap } ﬂerwrptl%l%qrépeéhebﬂncpam 43 fangd wauapzeﬁthertmlll dgainss the ?ufatetdféhe
of "t he bBURSTS B 5T the BHBlave <tdie r@%%h@%m Cshaparl fircapilary
d he.cl

open " TPoFie 8rd/orgrag op Ryl B SaFOPL L Bt A b S B SRS

hen ckgsses.a B8 AW RE Jsi nto snap the w re at the
end of the sno %Lﬁ 3 portion ?{@%S%Eﬁ%%ﬁtgure 4F shows the position
of the capi Negf; méldapﬂmyhnrrrseéawmtthémaﬁnwgm shm)cdpeﬁsﬁ@ﬁ&er&blpmylo@ta
the end of the bunp fornmation process. - - The wi re bondi ng

machi neho® distartoecdflvéce extending from tiertopiof the bdrateddzll 422 ke dibmnoaohtihe
to perform t he  process described herein. Commonly the circuitr

conpri §§% ‘Sa e teane@rr&ewrﬁ@omwgbb Fareng %srapvrﬁ tereaniteay gemé@laaﬁer
Conbi nis OB TSP IEY Anither HONPL O RBE BLaBis %g%ét%%e%”ﬁfh' ¥infigures

e {
B ‘%@W@?ﬁ.“@”‘ﬁ%’@&sﬁss%@““ n%u’Jtéer o Rl R HTTS fth ancl
resi de4b§'ir9ﬂ1|errréfTﬁ@Hls%ﬁieL@"tM@'Ia‘terell Mdis |§ﬁeFe‘ﬁ’@fe$mfe8rt é’fd?@ﬁﬁé@? e

the conputer to control the wire bonding machine to per orm t
pr ocessasillalgsioen bededepward again a short distance to pay out additional wire. Generally,
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Referring now to Figure 5 which is an elevation view of an exenplary
bunp 50 10 fornmed in accordance with the present invention as

descri bed above in connection with Figures 4A through 4F, the bunp
conprises a bottomportion 51 generally forned during the initially
steps of formng a ball bond as illustrated in Figure 4A. On top of

t he botton1port|on of the bunmp 51 is a fold of wire 52. The fold of

wi re 52itHawEr By Recesswily cbe dastiﬁn%@f tf‘@l sgeang yeticairissonl bei atdeast the st

oort | oA oy i v Bt bEE e dastante hERuDlswron shaltak fstar on
57 hav 'A&%a@gjédoy,stbe %Eé‘ﬂa%]efnftthgtﬁéggag YefRLl Rl Wi I %%Ha%(ﬁgtbgdremﬁegifcg W this

second en Ol’tl on an

Smoot hegeciftARPGLPPELLOD o%e%pb%nohﬂéibﬁ@’%se f RSt vetiddd RsSEAR e f %[d
fol ded portion 57 of the bunp by the above-descri bed scrapi'ng by t
capi | | daotot. i Ip ahyrdpegial biecuahstarcenivheredtle deaganadrticaltrisens id beikiss ditthe
by Figures 4D and 4E. Nub 54 20 essentially is left where the wire
was se@@pé@trandﬂe@% gheifeltifgcipeisaimplye Regative veivg. Se fold fiahtor éeusmado

f ol ded pOI‘tIR %?,tgly shaded Eortlon 55 represents the volune of
wi re mEPBFPHDe Ay Ewﬁéﬂ%ﬁlﬁjw §f<f'ﬂéhaé£<gfma yior PpthedPunap nf-igyee 4D

the 1 nolRYBARE BesiletpG8 AP angvies At BB St %fée?e"“@%h%@ﬂh% hen
mot | On%&\%pafagbﬁa A@%ﬁé@'ﬂﬁ%é&% r%!eﬂ%%laxhéy% gtagb 8kif on

25 This two st cess sti I‘OVI a snoot he ace
sigce tt:ﬂ?opﬂibfmﬂﬁ) epgEcabrly, hﬁll@%hﬂ%%]&bﬁ)r%h@@@ﬁ m;agénm Fndﬁ@ﬁfcéﬁbé
the wire, it wWill forma snooth di agonal surface as generally shown

i n Fi geoasiflered to comprise tpardrihogbasal ocoatpoeesnfsonasepea atitioal dvenmghtent budrp
height, fold factor, fold offset, and fold return offset to form an

appr opratata (thati. Wp’;’@ﬁtﬂ[] w@;m,er%nﬂﬂmelﬁcai@ﬁmp@n@nbs ardeavringsd cbapgnent

wl P creapie At Ptk B bugancioRL Adeo g Bt St ndsioriae yerfcal
he fold of 50f f

s gPaehefte ﬁﬂga%g‘ﬁﬁl oHbR i e 2Bt Bl He R RRI Bl PRb 2pne
PR4 aﬁeqﬁéﬁal 9,8 BnSH%frth&alag‘Bﬁél r%o%dist}?e?&ﬁ t&hdd eI8RY r%té.f?ﬂ ggfg&fand is

specific application. For i'nstance, 1f the bunp I's to b

flip chjeperdyet qumﬁsit@mecﬁdﬂeoem@@‘rstm@mdﬁt@@hdmet ghthedfold Bffset. This
snoot hed, sl oped portion nmay not be particularly significant. Rather,

the t otcahséﬁeﬁhghfv;ra)ﬂo folkdeovien o itsslf.| Pledéénblyhiherdistandagafthawaridusanotions| Te,- .
on the other 10 hand, the bunp if to be used as the site of the

second SBBALPA heighbreld offses f@ksirf@ttﬁg offppteanck ieme hajght. e selectas shihabihe

th t d f t t b tant th

't nacaPHangR SR B SveERtRatta porie pEinecTeIan Mg SuCfatthe
b f

"B casPREN IR bAleE ofr Bhr oy FRLENARENIS 2 R e R B, s

of the cPé’é’ﬂ?l a¥mbethell "o o ikacy oﬁ’\iob%f EH@&Surﬁﬂr Fﬁ;u‘i’é‘@l‘:‘fsﬁbﬂl thé_ Bﬁplﬁér?@iﬁ

of the sloped snmoot hed surface general Iy can be i ncreased

reduci g thdend of eafidgetal andiohncreasing the fold return of f set
relative to the separation height. Further, the anount of wire in the
fold i s genélext lthe capilayskididns witittheasamps phen sepraeatd pay h@agmortand
fold factor. Figures 6A and 6B are scanni ng el ectron m crograp

( SEMs) dtta Mﬂﬁi‘wf%rmclﬁmp&@d@mmelesw and Degrpilignedt Ates ﬁ%ﬂtt‘i’ éf'rlﬁp the

5| gned_ W t r I ncreased bu ni fi gant cance
£s0 Hirere e BEE oline <rePAGR Ry 0% hefmx Hipfa2F ShowisiBe boSHBS St the
capillary 41 and bump 42 at this point, whlch essentially is the end of the bump formation

pProcess.
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Paranmeter Value Wre dianeter 1.0 mls Capillary chanfer diameter 1.8
mls Capillary tip dianeter 3.9 mls Capillary hole dianeter 1.3 mls
Bunp height 0.5 mls Separation height 1 mls

10

15

20

25

The wire bonding machine is controlled by control circuitry that can cause the
machine to perform the process described herein. Commonly the circuitry comprises a
digital processing device such as a programmed general purpose computer, a digital
sighal processor, a state machine, a combinational logic circuit, a microprocessor, an
application specific integrated circuit or any other known digital processing means. If the
circuitry comprises a computer, the invention would reside largely, if not exclusively, in the
software for programming the computer to control the wire bonding machine to perform
the processes described herein.

Referring now to Figure 5, which is an elevation view of an exemplary bump 50
formed in accordance with the present invention as described above in connection with
Figures 4A through 4F, the bump comprises a bottom portion 51 generally formed during
the initially steps of forming a ball bond as illustrated in Figure 4A. On top of the bottom
portion of the bump 51 is a fold of wire 52. The fold of wire 52 generally comprises a first
folded portion 568 having a first end 56a extending from and integral with the top of the ball
bond portion 51 of the bump and a second end 56b, a second folded portion 57 having a
first end 57a that is essentially collocated with the second end 56b of the first folded
portion and a second end 57b. Smoothed, sloped portion 53 on the fold was formed in the
second folded portion 57 of the bump by the above-described scraping by the capiliary tip
during the aforementioned diagonal motion illustrated by Figures 4D and 4E. Nub 54
essentially is left where the wire was severed and essentially is at the second end 57a of
the second folded portion. Lightly shaded portion 55 represents the volume of wire
material that was scraped by the capillary tip to form the smoothed, sloped surface 53.

In an alternative embodiment of the invention, the diagonal motion can be split
into fwo sequential motions comprising a lateral motion followed by a downward motion.
‘This two step process still provides a smoothed, sloped surface since the outside edge of
the capillary is sloped and, if it contacts the wire, it will form a smooth diagonal surface as

generally shown in Figure 5.
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Fold offset 1 mls Fold return offset -2 mls Fold factor 1 mls On
the other hand, if it is nore inportant to achieve a | esser slope and
a greater area for the sloped, snoothed surface for stitch bonding,
the sl ope of the sloped, snoothed surface generally can be decreased
and the area thereof increased by 5increasing the fold offset and

decreasing e Al SR BLLSek oL SIRER L ELAYE AL, g etoate
secor oMkl %?fa@itﬁéf%ah%ﬁpédf%% b A58y e e
S Sy 0 g e SR BN AR AP AR iy 2
Capi | | ailgmeteaninegendraimbledarger the wire diameter, the larger the fold offset and fold return
5 offset values necessary. Narmally, it is preferred to determine the best values for the
aforementioned parameters on an empirical basis and based on the goals of the specific
application. For instance, if the bump is to be used for flip chip interconnections, the exact
shape and height of the smoothed, sloped portion may not be particutarly significant.
Rather, the total height of the bump is likely the most important factor. If, on the other
10 . hand, the bump if to be used as the site of the second bond in reverse wire bonding, then
the shape and/or height of the smoothed, sloped surface tends to be more important than
the ultimate height of the bump.
Generally, taller overall bumps, which may be more desirable for flip chip
applications, can be formed by increasing one or both of (1) the slope of the wire fold on
15 top of the bump and (2) the amount of wire that forms the fold. The slope of the sloped,
smoothed surface generally can be increased by reducing the fold offset and increasing
the fold return offset relative to the separation height. Further, the amount of wire in the

fold is generally increased by increasing the separation height and fold factor. Figures 6A

and 6B are scanning electron micrographs (SEMs) of bumps formed in accordance with

20 the present invention designed with overall increased bump height as a significant
concern. These bumps were made using the following exemplary parameters.

Parameter Value

Wire diameter 1.0 mils
Capillary chamfer diameter 1.8 mils
Capillary tip diameter 3.9 mils
Capillary hole diameter 1.3 mils
Bump height 0.5 mils
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2.3 mls Capillary tip diameter 5.1 mls Capillary hole diameter 1.6
mls Bunp height 0.5 mls Separation height 1.2 mls Fold offset 1.8
mls Fold return offset -1.8 mls (Figure 7A) -1.5 mls (Figure 73)
-1.4 mls (Figure 7C) -1.1 mls (Figure 7D)

Separation height 1 mils
Fold offset 1 mils
Fold return offset -2 mils
Fold factor 1 mils

On the other hand, if it is more important to achieve a lesser slope and a greater
area for the sloped, smoothed surface for stitch bonding, the slope of the sloped,
smoothed surface generally can be decreased and the area thereof increased by

5 increasing the fold offset and decreasing the fold return offset distances relative to the
separation height. Figures 7A through 7D are SEMs of bumps formed in accordance
with the present invention that were designed with the provision of a large smooth and
stable surface for stitch bonding as a significant concern. These bumps were made using

the following exemplary parameters.

Parameter Value

Wire diameter 1.18 mils

Capillary chamfer diameter 2.3 mils

Capillary tip diameter 5.1 mils

Capillary hole diameter 1.6 mils

Bump height 0.5 mils

Separation height 1.2 mils

Fold offset 1.8 mils

Fold return offset -1.8 mils ~1.5 mils -1.4 mils -1.1 mils
(Figure 7A) | (Figure 7B) [ (Figure 7C) | (Figure 7D)

Fold factor 0.75 mils

10
The table below shows minimum, maximum and exemplary values for the wire
bonding machine control parameters (i.e., separation height, bump height, fold offset, fold
return offset, and fold factor) as functions of the capillary and wire dimensions, i.e., wire

diameter (WD), capillary tip diameter (TIP), capillary chamfer diameter (CD), and capillary
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Fold factor 0.75 mls 10 The tabl e bel ow shows m ni mum

maxi mum and exenpl ary val ues for the wire bondi ng machi ne control
paraneters (i.e., separation height, bunp height, fold offset, fold
return offset, and fold factor) as functions of the capillary and
wire dinmensions, i.e., wire dianmeter (WD), capillary tip dianeter
(TIP), capillary chanfer dianeter (CD), and capillary - hole

di amet é0lg gipmetaEDY AihgumniRdmAd manmum valges definrrangng dhatthase beave

o <A bS8k AP iy i oy S el
Val ' f . . Ul t
Fosult SR CRECDIEEL AT PR U CYHEE e RS R g
| abel eqjsdRantabycedtanE P8&Ks dr%%%@%ﬂ%@s%fr@m(g\'gﬁg éﬁ@h@?’*}qf Blirther. the

experinental determ nation of the best val ues, ot ed above,

pref er dolumss labeled “BxedpiayicpesseptmEoohradhdededtdrtifg pnts @t dxberimental
particul ar application. Paraneter M ni mum Maxi num Exenpl ary Bunp
hei ght det@mimtonsfthe best values, which, as noted above, preferably should be determined

empirically and depend on the particular application.

Parameter Minimum Maximum Exemplary
Bump height 0.0 WD 0.5WD
Separation height CD/2 CD HD
Alternate separation | WD 2WD HD

height

Fold offset WD CD HD

Fold return offset WD CD (TIP-CD)/2
fold factor 0.0 2WD 0.5WD

In general, the higher the desired bump for any given wire diameter and capillary
10 size, the shorter the fold offset and/or the greater the separation height, fold return offset
andfor fold factor. It has been observed that, if the bump is to be used as a platform for a
stitch bond of a wire loop, values between the “Minimum” and “Exemplary” values in the
. table above are likely fo be more appropriate. If, on the other hand, increased bump
height is more important, as would typically be the case for flip chip bonding, then
15 paramefter values between the “Exemplary” and "“Maximum” values in the table above are
likely to be more appropriate.
The fact that the stitch bond made on a sloped surface helps keep the wire from
sagging near the stitch bond. The fact that the stitch bond is made on a large, smooth
surface improves the reliability of the stitch bond.

20 Figure 8 shows a wire loop in which the stitch bond is made on top of a bump made
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Separation height CO/2 CD HD Alternate separation height Wb 2WD HD
Fold offset WD CD HD Fold return offset Wb CD (TIP-CD)Q

10 \'.

15

20

25

in accordance with the present invention. In this particular embodiment, the bump 61 and
stitch bond 62 are made oh the bond pad 63 of a die 64 that is supported on a substrate,
such as a lead frame 65, on which the first/ball bond 66 of the wire loop 67 is made. As
can be seen in Figure 8, the wire loop 87 extends away from the bump and stitch bond 61,
62 in the uphill direction of the sloped, smoothed surface (io the right in Figure 8). Thus,
the wire extends away from the stitch bond at an upward angle that helps keep the wire
from sagging near the stitch bond. In operation, the bump 61 is placed on the bond pad
63 in the manner described hereinabove in connection with Figures 4A through 4F. Next,
the capillary of the same or a different wire bonder moves to the site on the substrate 65
for the first/ball bond of the wire loop and forms a ball bond 66. The capillary then moves
to a position over the previously formed bump 61, which will be the location for the
second/stitch bond of the wire loop. The motion of the capillary between the first bond site
and the second bond site can include any motion components deemed necessary to
properly shape the wire loop 67. The second/stitch bond 62 is then made on top of the
sloped, smooth portion 68 of the bump 61. Particularly, the capillary moves down and
contacts the sloped, smooth surface, thus pinching the wire between the capillary tip and
the sloped, smooth surface. Heat and/or ultrasonic energy may be applied to facilitate
bonding. The capillary then rises with the clamps open to pay out a short distance of wire.
The clamps close and the capillary rises again snapping the wire at the weakened stitch
bond. The resulting wire loop 67 is shown in Figure 8.

Figure 9 is a scanning electron micrograph (SEM) of a plurality of bumps made on
bond pads of a semiconductor die in accordance with the prior art fechnique described
above in the background section of this specification,

Figure 10 is a SEM of a plurality of bumps made on bond pads of a semiconductor
die in accordance with the present invention. As can be seen the bumps have more gold,
a greater height and a larger and more steeply sloped, smooth surface for accepting a

stitch bond..
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fold factor 0.0 2WD 0.5WD I n general, the higher the desired bunp
for any given wire dianeter and capillary 10size, the shorter the
fold offset and/or the greater the separation height, fold return
of fset and/or fold factor. It has been observed that, if the bunp is
to be used as a platformfor a stitch bond of a wire | oop, val ues

between the "M ni nunt and "Exenpl ary” val ues in the table above are
li kely to bEigwse d14dsacrrMahewing a perionind agtiwefityrdvdre loaes sesrdhe Istiiep

?igré&h?apg'é?ae 80P 4 e %ﬁ%@%ﬁ;&@@s i egisé)%-;c'giﬁﬁdance
appr op 1y 42 pHEPaltTectiad el o™ y b b pkath Bl 3eBior tisope

sur f acepBefipstidre ahghraer 14 st SEMRAGEE i A art BshditidR fF]jé?.f?Qq 1A RAN a

fact that the stitch bond is nmade on a | arge, snooth surface inproves
t he reldiffdvent, lowerfperdpective.t b canme se2@fh utheF iGuRIBoNSA andvi 1B, theawrd (Bop
whi ch the stitch bond is made on top of a bunp made -14- in

accor dsage substantiaily andedlmost contaeisitiomedgaof theslipar t i cul ar enbodi ment
the bunp 61 _and stitch bond 62 are nmade gn the bond pad 63 of a die
64 that is SiEERNLEdS aroEMsisutinga portionah apdurghityed avire lgpas pear th stitch

which Ui S0Pk OGP S LIS e Lo0n STLS e 480 con e
stitch BNfe Blesent invention. Figure 12B is a SEM showing the bonds from Figure 12A from
10 . adifferent, lower perspective. As can be seen, the wire loops sag substantially less than
in the prior art technique illustrated by Figures 11A and 11B and clear the top surface and
edge of the die by a substantial distance.
We have disclosed new methods and apparatus for creating bumps for
semiconductor interconnection applications, such as reverse wire bonding and flip chip.
15 Further, we have disclosed a method and apparatus for wire loop bonding, particularly,
reverse wire loop bonding. Some of the advantages of the present invention include the
formation of a larger and./or taller bump that helps improve substrate clearance in flip chip
interconnect applications and helps improve wire loop clearance and minimize wire sag in
reverse wire loop bonding applications. Bumps formed in accordance with the present
20 invention provide a larger, more uniform and more stable, smooth surface on which a
stitch bond may be formed in a reverse wire looping appiication. Amang other things, this
helps improve loop stability (including, loop shape consistency and loop height
consistency).
Having thus described a few particular embodiments of the invention, various
25 alterations, modifications, and improvements will readily occur to those skilled in the art.
Such alterations, modifications and improvements as are made obvious by this disclosure

are intended fo be part of this description though not expressly stated herein, and are
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5 62 in the uphill direction of the sloped, snoothed surface (to the
right in Figure 8). Thus, the wire extends away fromthe stitch bond
at an upward angle that hel ps keep the wire from saggi ng near the
stitch bond. In operation, the bunp 61 is placed on the bond pad 63
in the manner described herei nabove in connection with Figures 4A
through 4F. Next, the capillary of the sane or a different wire

bonder IEPaET 10,0¢ Wil e Sirt endl seape oF fednention. Aseordingly.itheforeaeing
bond of , t i T d bal, | d 66... Th illary th

Do o 8 e Ba B3 ho PO nES TSR b e 557 a5
t he lOQ%th?FL?%fggﬁwggﬁgﬁﬂg%%PrsLm%%n Merdide Wire loop. The notion

of the capi site and the second bond site
can include any notion conponents deenmed necessary to properly shape
the wire loop 67. The second/stitch bond 62 is then nade on top of

t he 15sl oped, snooth portion 68 of the bunp 61. Particularly, the
capillary noves down and contacts the sloped, snooth surface, thus

pi nching the wire between the capillary tip and the sl oped, snooth
surface. Heat and/or ultrasonic energy may be applied to facilitate
bondi ng. The capillary then rises with the clanps open to pay out a
short distance of wire. The clanps close and the capillary rises
agai n snapping the wire at the weakened stitch 20bond. The resulting
wire loop 67 is shown in Figure 8. Figure 9 is a scanning

el ectron mcrograph (SEM of a plurality of bunps made on bond pads
of a sem conductor die in accordance with the prior art techni que
descri bed above in the background section of this specification.
Figure 10 is a SEMof a plurality of bunps nmade on bond pads of a
sem conductor 25die in accordance with the present invention. As can
be seen the bunps have nore gold, a greater height and a | arger and
nore steeply sloped, snooth surface for accepting a stitch bond..
Figure 11A is a SEM showing a portion of a plurality of wire | oops
near the stitch bonds nade on top of a bunp nade on bond pads of a
sem conductor die in accordance with the prior art technique

descri bed above in the background section of this specification.
Figure 11B is a SEM showi ng the prior art bonds fromFigure 11A from
a bdifferent, |ower perspective. As can be seen in both Figures 11A
and 11B, the wire | oop sags substantially and al nost contacts the
edge of the die. Figure 12A is a SEM showi ng a portion of a
plurality of wire | oops near the stitch bonds nmade on top of a bunp
made on bond pads of a sem conductor die in accordance with the
present invention. Figure 12B is a SEM show ng the bonds from Fi gure
12A from 10 a different, | ower perspective. As can be seen, the wire
| oops sag substantially less than in the prior art technique
illustrated by Figures 11A and 11B and clear the top surface and edge
of the die by a substantial distance.
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W have di scl osed new net hods and apparatus for creating bunps for
sem conductor interconnection applications, such as reverse wire
bonding and flip chip. 15 Further, we have discl osed a nethod and
apparatus for wire | oop bonding, particularly, reverse wire | oop
bondi ng. Sonme of the advantages of the present invention include the
formation of a larger and./or taller bunp that hel ps inprove

substr @iamed earance in flip chip interconnect applications and hel ps
improve wire |l oop clearance and mnimze wire sag in reverse wire

| oop bondi nd- apphineethewbaiforBingpswiie oge doti sermacodvdangectvigal intetrennection
presentoRBHANE Bid fBpPsovi de a [arger, nore uniform and nore stable,
snoot h surface on Wmch a stltch bond may be fornmed in a reverse wire

| oopi ng app ca tion. hi ngs, ,this rove

stabi 11ty CChCPUaPRz STBRanE B et rEREs alvey ot RS s Rififa o B8Pbond ot
consi stiiegidphd Ic}qa’wmgsm@awtﬁetsmdlrlqeda@irfeamlpwrea sid wire dpdidg meabise bhving a
the i n\éﬁﬂtlé@n(Z)V@fsir@%%rd il 3'?:?§t'h%@]§t smFE'Pidchgﬂ ﬁiff‘é h@BShed @ €aid ball b?]nd pays

I t he Su
R ETREE TR Y s A SR e R B R
t hi s didsettosiyi(4) aistnd suic ogeithry Gurltesr paratseodndt heightd E9amoying said tdoilegh in a
not ex@E&@o@ﬁld‘i’reéﬁc?ht sg dhs%Eﬁdndlre%HSin ﬂé\.i g éﬁgﬁﬁﬂfﬂ c%ﬂwgﬁ?%"atng'ar\agepaq component

Spl rrt an SCO he 1 nvention CCOor ore
descri (5 oM 3 Eobeyf Wi o fheekalhbarg: & Wterahepmmnem PRiRg a@ﬁerq*weppposwe of said
I nvent ifigdt dirgctidniiahe d6 psdvisring saie fuireorh Baitl @rdpd Iheiing fae 2 e @pllary

eCIUJ val e%%t%s EQ?gg OI'tIOI'I]D¥ the fo% \U:B d&rl’@ elg tgad of form ng a wire

| o opfor Sem con £8F electrlca Interc bn conprising the

steps of: rmng a bunp, the step of forming a bunp

i ncl udi ng: (a))fOfermwcan%aerl?bwrﬁi adpcationspaged e s3id OfPon usi ng a

w re bonding machine with wire, said wire bondi ng machi ne having a
capil |l ar y (Q))forraingim\girsaiod beapddnl sardyloatfonres bail @gink mUdbnt bad awaagon of
attached alfQunif dqball bond pays out of said capillary; (3) noving

sai d capl It| aryal aterally a first lateral distance in a first

direction; (( raisi nq? said capillar urther by a second heig (5)
novi ng sai d{Rhprmingr3,sEtah 50%%‘??6“8‘??’/%@[@ Bise loog; gpid atsh dond F’%’EQ f%ﬁ‘e‘j on
havi ng tep eftsavatirdlp.conponent and a | ateral conponent to forma fold of
wire on the ball bond, said |ateral conponent being generally

opposi te of ;sal drfd fRindd drefHihowhaad 54:&:) (Aﬁ%ﬁ%hﬁ& a%%'lﬂnd"étr IBagk ! ﬂgbf heat

sai d bunp, wherein a %a ce ofat'the cap |I snoot east a
of the aPBI“Hra!’fP“'\ﬁnef‘érgdLﬂ”Fﬁé SEPe3)( 5) ; (B) for m ng a second
ball bond at a | ocation spaced from said bunp;
3. The methed of claim 2 wherein step (D) comprises forming said stitch bond on
the portion of the fold of wire smuoothed by the face of the capillary.

4, The method of claim 1 wherein said location of sald second ball bond is spaced
from said location of said bump in about the same direction as said first direction.

5. A wire bonding machine comprising:
a capillary;

a wire deliQery system for supplying wire through a bore in said capiliary; and
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(C formng a wire |l oop between said | ocation of said second ball
bond and a | ocation of said bunp; and (D) formng a stitch
bond to termnate said wire | oop, said stitch bond being fornmed on
top of said bunp. 2. The nmethod of claim 1l wherein step (A) conprises
appl ying at |east one of heat and ultrasonic energy during step (5).
3. The nethod of claim2 wherein step (ID) conprises formng said
stitch bond a&ﬁoﬁid’tﬁccﬁ@ﬁbt syeterd Fortdaatrdlnhg mafio o €216 BAIMAE akymblhiéh RG]

f th d, |
Ok o SRR BB g P TE DR PG il et A5 51 128 kRGP L R
about theadwgripadiinesdtt witeac?) saisiag shidgrpilaveciiisbheight wchthad viitsratiaghed to

nmachi n%amrboﬁhfbﬁys ButCaRkld é%abbﬂarya (w h@v:ﬂ&lsé[‘d%t{elI§r§93£t%?ﬁllfy%rﬂr§ﬂji8&![ré1' ng
ontro

th b
B R Y I S I T S S I
syst emsaictapdianging secoind dijedtion; sajdjecbod dirergion hbaihy alromeivatd eorfipanstt and a
bond | qs@a:qemwéaém £ h)‘?rnv‘é Fofd mmg%agtrré%h'aaﬂmama%r Eoordpdhert ﬁ19ng

said capill first ht su hat wire attached to sai
bond p%f“’é‘e'@di’ OBIPOSétSlSa'dd’b{ﬁ‘i Tegkion; ang)(GhRMeHRa s vitepe M SalFyPUMy @wg{qlrya
a fir stratedfehakamlilsy amoethsrat dedst & pbridnroe td fold of (Wile dulringisogr &) Wherein said

capi || ary, & rfBP[?Jrfop%J t%gl&ogz tlﬂ%h%h{ﬁ) i & n%] \gByedrtg cie%ltega %%géts grﬁ[)é/th snlt'fgte on

second |ré?t|on Sal sSeco 1"on

and a Ithe @Pﬁion@éﬁmfﬁmf wige sroeqthed boihg fage vﬁth@ callarmeugag FaSlsé bl Wf@éﬁlfoj

I( g; er a|saﬁprﬁiﬁﬂcﬁ}e&ntmb%@e@@m@ﬁ@hrhdYucQEl@Q&hﬁr? f&ﬁfdimfrlg’ébeddlgﬂ 861 béiy atand
,severln sal S ereln aita t

Cabi &1 dPeRsBrRd T P ehe? sty e MR e SR Befonid St gegpng e

(5), V\mnélamd @dp@tl@nroéaalti rbjarrfpown@émfrmqm ﬁtgtcln agkd tq @yminateotpithw{rg )ooipssaid

conf i guedh bdhdWehiRf Brifed bR RS ARG Ur face on the portion of the
fold of wire snoothed by the face of the capillary during task (95),

wherein said no n _co em further inc es, ci Ltr

formng o sdcond AN esRAma e G s HebR Supiedan s sieb ek imiing, ieh bond
f or m ngompriseeforming Sok sidenbeal ah $adt simiadh soffaceadfdakidnwmd bal | bond
and a location of said bunp; and formng a stitch bond to term nate

said wire | oop, sak d;.@taohamgbm rtaetif@g.ri% @rvimRGlei RaldQPcatibn SaLLd BedFRd ball

6. Th bondi

Ci 11 on e S PRy Sarl S BRThE e oA e EoLa R LU ace
of sai ditzatign. 7. The wire bonding machine of claim®6 wherein
said | ocation of said second ball bond is spaced fromsaid |ocation

of said bung,in abheup uté]ﬂ'e§@d% ?‘o&@&%?&nﬁﬁlhﬁ@bdﬂlfé Iﬁcﬁfdtrféjl m%ﬁdélﬂ)mpnsmg a
uc or, con

8. Aco ter readabl e pro 0

compr | SPRUSE ‘R T 2R of SRR B s Eorise it oRaiec: o7 EPEBURT cal
i nt er coradaiie productaiothpeisimp wbewpuiee agedolab|ineldudtons rpri si ng conput er
execut abl e instructions for:

(1) forming & ball bond &t a first bond location using said capillary of sald wire bonding

machine;

(2) raising said capillary a first height such that wire attached to said ball bond pays out
of said capillary;

(3) moving said capillary laterally a first lateral distance in a first direction;

(4) raising said capillary further by a second height;
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(1) formng a ball bond at a first bond | ocation using said capillary
of said wire bondi ng machi ne; (2) raising said capillary a
first height such that wire attached to said ball bond pays out of

said capillary; (3) nmoving said capillary laterally a first

| ateral distance in a first direction; (4) raising said
capillary further by a second height; (5) noving said

capi | | ary i fSlanedopraid dapibatyiios,sesaiddliseton daidiseemtd ctmchavhmgngaa downward
domm&gmgmeﬁ@ra |&Rhi eoh?&ﬁern@ko RRADPRRIGE dift SrPfh'@ baaufb%hg Qg Whdr

t he ball sai d onent bein O%enera y opposite o
sai d flcP?PO'b‘?”FQET‘Pﬁﬁ”e@ opposite °fs?‘%fr5§é'if§ iRg28%id wire from said

bunmp wherein a face of the capillary snooths at | east a portion of
the fold of (&isegerhg saidwiradion( 8id btime vdengu bdacer & ablabipdligpy ethaaths at least a

furt henofRRRIFiHSd A SOMPYULGInESEE F‘Eg)ameeco'rﬁﬁﬁérqgéda%résprfjﬁ)uct further compF Q)ng
forming a second ball bond at a [ocation spaced from said bunp;

(9) fo Pﬁ”ﬁ@teéeﬁquéabl'eoﬁﬁtrﬁﬁﬂﬂé&f said | ocation of said second ball

bond and a | ocation of said bunp; and (10) formng a stitch
bond to ter @ifatreing ai stcoid el wod,at sdochtist ispaded iendsdie bagpf or ned on
top of said bunp. 9. A conputer readable product for controlling a

wi re bondi ngamﬁhrlna% WIRbp Bhitheft <BRANDIBH Yr §£a sEQhAHAE HLBNTRSY £1Hcauon of
sem cond el ectrical interconnection, said conputer readabl

pr oduct® 3'§i” g conputer executable instructions for: (1)
formng a ball bond at a first bond | ocation using said capillary of
sai d wire boHAifergningetstiped; bond to termira2y seidivdrenigors spid stiagi bdralrbeir formadt on
hei ght tsbedsaidtmwi re attached to said ball bond pays out of said
capill ary; (3) nmoving said capillary laterally a first

lateral di s{aanc cglir,quteg :S%‘E?ﬁg er?é?cij.l%FPor controlling a gv rza bro%éiiSI r111'Cr]acﬁme comprising a

capillary fdrther
capillary for forming bumps for semiconductor electrical interconnection, said computer

readable product comprising computer executable instructions for:

(1) forming a ball bond at a first bond location using said capillary of said wire bonding

machine;

(2) raising said capillary a first height such that wire attached to said ball bond pays out
of said capillary;

(3) moving said capillary laterally a first [ateral distance in a first direction;
{4} raising said capillary further by a second height;

(5) moving said capillary in a second direction, said second direction having a downward
component and a lateral component to form a fold of wire on the ball bond, said lateral
component being generally opposite of said first direction; and

{6) severing said wire from said bump wherein a face of the capillary smooths at least a
portion of the fold of wire during task (5),

wherein task (5) includes creating a sloped smooth surface on the portion of the fold of
wire smoothed by the face of the capillary,
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(5) nmoving said capillary in a second direction, said second
direction having a downward conponent and a |lateral conponent to form
a fold of wwre on the ball bond, said | ateral conponent being

generally opposite of said first direction; and (6) severing
said wire fromsaid bunp wherein a face of the capillary snooths at
| east a portion of the fold of wire during task (5), wher ein

task (5) i néhaduspdecmaialje aasieopethes nwopdsirmucdanteroraddide portdtons &fr:
the fold of wire snoothed by the face of the capillary, the conputer

readabl e cany) gipifiHg bhREsCENETIhS highdCENFRHNRY edefRORRING daRSddhikldrGBsiable
for: . . %%% ag&h%gqg a% gqast one of heat and ultrasonic energy
dur i ng ASTYFHREHSL PETOFERAEATK i nst ruct i ons for performing task (5):
(8) formng a second ball bond at a | ocation spaced from said bunp;
(9) form ng (& frmingl oersobe belebendsati adlotasivatspereddfons apid bsgwond bal |

bond and a | ocation of said bunp; and (10) formng a stitch

bond to termbnRv@Irya Wirdidop Hedan Sl Betlontd? Bait@aebrReianbohe kA I&Ation of
top ofsg%fgﬁgqqﬁm 10. The conputer readabl e product of claim
9 wher &°1F Said conput er executable instructions for perform ng task
(10) conprises formng said stitch bond on said snooth surface of

sai d bunp. (10) formingp stifgfebershigleeninplesdidoriee lsppdipid st¥eh bpryg bringformed on
wher ei nog af hid 8G@Ap] on of said second ball bond is laterally spaced
fromsaid | ocation of said bunp in about the same direction as said
first latergl,

i

di ':I'ﬁgH)rRButer readable product of claim 9 wherein said computer executable
instructions for performing task {10) comprises forming said stitch bond on said smooth surface

of said bump.

11. The computer readable product of claim 10 wherein said location of said second
ball bond is laterally spaced from said location of said bump in about the same direction as said
first lateral direction.
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