METHOD AND APPARATUS FOR FORM NG BUMPS FOR SEM CONDUCTOR | NTERCONNECTI ONS
USI NG A WRE BONDI NG MACHI NE s Field of the Invention The invention pertains
to sem conductor electrical interconnection techniques. Mre particularly,
the invention pertains to the formation of bunps for sem conductor

I nt erconnections using a wire bonding machi ne. io Background of the

I nvention There are nunerous techniques in comon usage for formng the

el ect ri caMETHOBr ANENAPPARATUS: FOBRFORMING BUMBS RORSEMICONIMCTOR di e
and a | ead franeINTERCONNECKIONSWUSING A WIRE BONDINGtMAGHINE | | nost
common techniques is to forma wre bond between a die and its substrate
using a wire bonding machine. The wire is bonding machine forns a wre
through the air between the die bond pad and the appropriate electrical
connect i Bielg of the dmventiosubstrate (e.g., a lead finger of a lead frane). A
typical wire bond is made by "ball bondi ng" one end of a gold wire to a bond
pad on the di Eheinventiontpsitaismie smicopdugonelectingl srtetceanartien teshniguesead
frame. More 20 particularly and referring specifically to Figure 1A, using
a bal | bYeE pgrtiesdailysthe mveptien pertamsittadhefeymationsf Buraps fprisemnisapdudtar y and
the wire protruding fromthe csgi | | ar qQre hole), a wire 12 (comonly, but
not nece®iQIFPNRECHIONg)USIRg gyveeRonding ®®e bore of a capillary 14 of the
wi re bondi ng nachine 10. The capillary 14 is positioned above the bond pad
16 of the die 18 with the clanps 19 closed to 25 prevent the wire from
nmoving rglative t tf apillary. The end of the wire protruding fromthe
capllol | ar e an electric spark, terned "electric
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other substrate. One of the oldest and still most common techniques is to form a

wire bond between a die and its substrate using a wire bonding machine. The wire
15 bonding machine forms a wire through the air between the die bond pad and the
appropriate electrical connection point 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 on the die and "stitch bonding" the other end of the wire to the lead frame. More
20 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 bond pad 16 of the die 18 with the clamps 19 closed to
25 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.



slide back wwthin the capillary, the capillary 14 is then noved downwardly
so that the ball 20 cones into contact with 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 5 applied to the die 18 to facilitate the bal
20 becom ng bonded to the bond pad 16. This bond is commonly ternmed a bal
bond or first _bond. Then the clanps 19 are  opened. Figure 1l B shows the
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wire 12 still attached the stitch bond and with the clanps sti open
such thaticadditional wire pays out of the capillary. The clanps 19 are then
closed and the capillary 14 rises further to snap the wire at the weakened
poiint at the Neéxtf the bapillargsi4isanoved td-a getend bbnd Eite 22 ¢iplosieash the

I nterconnection, indicated by reference nuneral 23 in Figure 1 E, is 25
t er med asubsitrate Répwith the witei £2 (wiieh i &till canmddted o the malleohd)drailimpeut ofon
above the next bond pad on the die and the wire that is sticking out of the
tip of tthe capiiiary.ailheanotion ohtheczapillasy between tite finstbond site aod the sesbnadd by
electric flame-off to formthe next ball for formng the
bond site may include any particular motion components desired to cause the wire to
form a loop of appropriate shape between the first and second bond sites. At the
15 second bond site 24, the capillary contacts the substrate 24 to pinch the wire 12
between the tip of the capillary 14 and the substrate 24, as shown in Figure 1D.
Again, heat and/or ultrasonic energy may be applied to facilitate bonding the
compressed portion of the wire 12 to the substrate 24. This bond is commonly
termed a stitch bond or second bond. At this point, the wire has been pinched, but
Ze has not been fully cut. The capillary 14 then rises with the wire 12 still attached to
the stitch bond and with the clamps stili open such that additional wire 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
25 termed a “wire loop”.
At this time, the capillary is moved to a position above the next bond pad on

the die and the wire that is sticking out of the tip of the capillary after the completion



next wire bond. The ball bond is typically made on a bond pad on a

sem conductor die and the stitch bond is nmade on the substrate, such as
illustrated in Figures 1A-1E. Normally, 5 it is inadvisable to nake the
stitch bond on the bond pad of the die because, in order to nake a stitch
bond, the capillary tip essentially nust cone in contact wwth the surface

In and s oyndi ng the second bond _site. _|f _ the capillary contactg the top
of . o theJaststeh is Meed B pISEe fBEis-pif Jo S 1 W ARor RETHRGEE hand.

t he capi | l’ﬁé’é héﬁ)l cally can conme in contact wth the substrate without a
probl em %8G R@ani 1Tary typically will not harmthe substrate.
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may be desirable to stitch bond to a bond p I adie is when a very
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18 is at a higher elevation than the substrate 24 because the die 18 sits on

top of tiypicallpsbnaiome infcardact with the subdtaate pithbut a prableagsinge thé gapillans, in
order to mnimze the height of the entire package, it is sonetine

desi'r abl fyptaallym¥lenotieatathe bastrate. t he | ead frame and the stitch bond on
the die (hereinafter reverse bonding) so that the highest point of 25 the

wi re near theNsuettheless it is sometimesdesisakie Ao nake astitchrbancaeniardie s &nvear d
wire bonding techniques. Accordingly, the overall height of the package can
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bond on a bond pad ,on a 3 die for the reasons di scussed above, nanely, the
capi | | ar §NeNgRES fxindgreonnect a bond pad on one die to a bond pad on another die

(hereinafter die-to-die bonding). In this situation, both ends of the wire loop are on
15 bond pads of dies. If one wishes to use a ball bonding machine to make a die-to-die
wire loop, one of the dies must receive a stitch bond rather than a ball bond.

Another situation where it may be desirable to stitch bond to a bond pad of a
die is when a very low-profile (i.e., thin) semiconductor die package is desired. This
is because the highest point of a wire loop is close to the ball bond, as can be seen

2. from Figure 1E. The bond pad 16 on the top surface of the die 18 is at a higher
elevation than the substrate 24 because 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 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

25 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



surrounding circuitry on the die when it contacts the die to formthe 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 |owest point 26 close to
the stitch bond site 22. If the 5 stitch bond site is higher than the ball
bond site, such as would be the case in reverse bonding, the wire m ght
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Wi re can be severed by (1) ralsing the capillary with the clanps open after

form ng & ofel whesdeadiRy t6 leRsdticalisherts lorBpakag®éf théwifaéti si ng the
capillary further to snap the wire off at the weak point at the top of the

bal | . A reverAecdrditighg teciotigess have bben developetiab HRskiigrate thivepioblesh/ bal |
bond of the loop fornmed on the substrate and the second/stitch bond of the
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instead of then paying out the wire to form a wire loop and stitch bonding the wire

15 loop at a second location, the wire is severed right at the top of the ball leaving just
the ball bond on the bond pad. Specifically, the wire can be severed by (1) raising
the capillary with the clamps open after forming the ball bond, (2) closing the clamps,
and (3) raising the capillary further to snap the wire off at the weak point at the top of

the ball. A reverse boding process can then be performed with the first/ball bond of

[

the loop formed on the substrate and the second/stitch bond of the loop formed on
top of the bump on the bond pad.

As a result of the ever-present drive toward making electronic components
smaller and smaller, the diameters of the wires used in wire bonding, the size of the
ball bonds and the pitch (spacing) of the bond pads on dies are all decreasing.

25 Further, packages are becoming thinner and thinner. Accordingly, present
techniques for reverse bonding are becoming less and less effective. Particularly, it

is becoming increasingly difficult in reverse bonding to achieve sufficient height



top or edge of the die or adjacent wires. Also, with smaller and smaller
bunps, it is becomng increasingly difficult to formreliable stitch bonds
on top of the bunps. One technique that has been enpl oyed to help inprove
the reliability of stitch bond 5 formation on the tops of bunps is to snooth
the top of the bunp during its formati on. For instance one particular
techni g
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the ball) pays out of e capillary sing the clanps,” and (6) raising
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the weak point created at the top of the ball. Fi gure 3 shows a bunp 30

formed byorividi Saghiow 89 melling tihs Wire, AfRATY thel éapl oWeED Frebalthe huned31 with

a sl oped, snoothed surface 32 on top and a nub 33 where the wire was

sever ed. bailoms the bord pad amd applyinceiseattzanidort witrhsortic emergy, (R) f=0siny itlee ght  and
a large, snmooth surface nore anenable to reliable stitch bonding thereon.
However , capitlary wéglythf {omethei order aha fraction oé the thidknepp lof tee wie soithatitbe stil |
difficult with this technique to assure adequate cl earance between the wire
and t hecatiikary Mipds atibwithimthe kall, {3) mevingrthe wapilapy Btenally opdiagomallgn i s
preferable to a strictl | ateral notion. Particularl while the purely
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techni que 0 é‘ b%\H)f Baer out of the capillary, (5) closmg the clamps, and (6) raising the
15 capillary further to pull the wire causing the wire to snap off at the weak point created
at the top of the ball. Figure 3 shows a bump 30 formed by this process. The bump
essentially comprises a ball bond 31 with a sloped, smoothed surface 32 on top and
a nub 33 where the wire was severed. Bumps formed by this process tend to have
more uniform height and a large, smooth surface more amenable to reliable stitch
- bonding thereon. However, with very fine wires and/or fine pitch applications, it is
still difficult with this technique to assure adequate clearance between the wire and
the die.
A diagonal motion 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
25 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 motion could tear the bump off of the pad. In either embodiment, since a



even greater problens of inadequate clearance. Formation of bunps for

el ectrical interconnection of sem conductor devices to substrates is used

i n another well known technique terned flip chip bonding. In flip s chip
techni ques, the sem conductor die is "flipped" such that its "top" surface
(i.e., the surface bearing the bond pads and circuitry) faces downwardly.
Bunps are fornmed on the substrate in positions so as to nate wth bond pads

on the dp@tioneéthetangef thgdwmpwasibeing ssapgdRfluthis feehniage sitgaisuieedo t hat
the die is suspended upsid ,-négown on the substrate with the bond pads in
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machi ne. Accordi n I'sS an object of the present Invention

| mpr oveddoWR A0 redsad Behvit diftofties slibstratesdMEPthe dik i STk FERYBEipside-
el ectrical interconnection applications. It is another object of the

present Honeinithe substrate/will tise bont padedn Blevirida) contriinithrtie eted bempst ri cal
i nterconnection applications. It is a further object of the present

i nvent i oon tiee pulostrate sachithalrtbeadmaitihg dircifryandtheptiadaesnot eonfawst theng bunps
for sem conductor electrical interconnection applications using a wire
bondi ng suirdirate. Various tectydques fanforimeing dbé stitd bdmps enghe sabstratevaret welh t o
provi de an inproved 6 nethod and apparatus for perform ng reverse bondi ng
usi ng a whown boeluding forming such bumps with a wire bonding machine essentially in the
way described above for forming bumps for reverse wire bonding. In flip chip
interconnect techniques, there is a minimum bump height necessary to assure
15 adequate clearance between the surface of the substrate and the surface of the die
to avoid electrical shorting. As wire diameters and pitches of the bond pads continue
to decrease, it is becoming more and more difficult to form bumps of sufficient height
and uniformity with a wire bonding machine.
Accordingly, it is an object of the present invention to provide an improved
. method and apparatus for forming bumps for semiconductor electrical
interconnection applications.
It is another object of the present invention to provide an improved bump for
semiconductor electrical interconnection applications.
It is a further object of the present invention to provide an improved method
25 and apparatus for forming bumps for semiconductor electrical interconnection

applications using a wire bonding machine.

It is a yet a further object of the present invention to provide an improved



machi ne. Summary of the Invention 5 In accordance with the present

I nvention, a bunp for sem conductor electrical interconnection
applications, such as reverse wire bonding or stud bunmping for flip chip

i nterconnections, 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 capillary tip, (3) noving the capillary

| at er al | pethograntbappanatifafiperionning Eyprse bendiag Usiigsa Miretbendiagi | | ary,  and
(5) nmoving the capillary diagonally dowwardly in the opposite |ateral

di recti oRaBRINBhe first iateral notion. The wire is then severed by raising
the capillary, closing the clanps and raising the capillary again to snap
the wre pigtail off at the bunp. Preferably the capillary is positioned

for the Linal di n motd on so that the is tip of the capillary contacts
an:zlI sm%@%ﬁ@%@tpp of the bunp. This technique can forma
2ppP1 cat 1 ons IAFPRATReec S ¥ bisenh MERRRT LbABiecer Btiarblichy qpoesr™ °
vy R oAl Subf 5y B EAS L kpphnd e

Lot R oo OB dpoatibbhas o a¥iinsd o) idesherce

snooth surtface on top o I'tc r med

sl opes Ué%&ﬂsﬁlge@%%{éh{iﬁé‘d ﬁérg%?bheﬂf_o%iﬁ e bdIPodRPRith ¥ é%w@@ﬁﬁg%ﬁ?nt

provi des surface that” mnim zes re sag near the sti ond by
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best values for the first and second capillary rise heights, the lateral 25
noti on diusthenesisingthe icapilldng taaads) aslirgteccapilldry elisd aramyalownvaraly epend

|l argely on the wre diameter and the dinensions of the capillary, which,
col | ect i thel gppdsite dateyal diretctioe of thee finst atedfal trivtiohal Thebwivd i thadn $everedbyrt of

the bunp. They also will depend 7 on the particular purpose of the bunp.
For i nst @igieg the capibatyuijosirng the diamphandaaisiny theocahikary adgaor tcasnap thd oop,
the desired height of the sloped, snooth surface wll
wire pigtail off at the bump.
Preferably the capillary is positioned for the final diagonal motion so that the
15 tip of the capillary contacts and smooths a portion of the top of the bump. This
technique can form a taller and larger bump to provide increased clearance for both
flip chip applications and reverse wire bonding applications. For reverse wire
bonding application, the first lateral motion preferably is in a direction toward the site
of the other end of the wire loop (i.e., where the first/ball bond of the completed loop
2 will be formed) so that the sloped, 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
25 motion distance, and the distance and angle of the diagonal motion depend largely

on the wire diameter and the dimensions of the capiliary, which, collectively, largely

define the size of the ball bond that forms part of the bump. They also will depend



generally be | ess than the desired hei ght when the bunp is used as a stud
bump for flip chip interconnection. Generally, the |ateral and di agonal
notions will be larger if 5 a larger or taller bunp is needed since
i ncreasing these distances will increase the anount of wire that pays out
of the capillary during formation of the fold on top of the bunp. Also, if
I ncreasi ng, height is nore inportant than pyovidi articul surface of
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noti on ar ters may be adjysted.to. provide a steeper,fold on top of the
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i n accordance with one enbodinment of the present invention. Figure 5 is a
profil e affsticctbbomdihgr thiedwoyrise height paraeiatgry@ahiteelateral 25d dizgondanetion th an
enbodi mrent of the present invention. Figures 6A and 6B are scanni ng el ectron
m cr ogr gErameiiiskpay beladjpsted to predde a steepzrdelicen top of thedwnpodi ment of the
present invention. 8 Figures 7A through 7D are SEMs of bunps formed in
accor dance wilnra reveosehwiredobdpidg rapplication, lnacetke bump isvforméedas desgribeds8 is a
profile of a reverse bonded wire | oop bunp formed by a wire

above, the same or a different wire bonding machine can then form another ball

bond at a second location and complete the wire loop by forming a stitch bond on top

of the bump.

15 Brief Description of the Drawings

Figures 1A through 1E are diagrams illustrating the steps of wire bonding in
accordance with the prior art.

Figure 2 is a profile of a wire loop in accordance with the prior art.

Figure 3 is a profile of a bump formed by a wire bonding machine in

L accordance with one particular prior art technique.

Figures 4A through 4F are diagrams illustrating the position of the capillary
and wire at various stages of the bump formation techniqgue in accordance with one
embodiment of the present invention.

Figure 5 is a profile of a bump formed by a wire bonding machine in

25 accordance with an embodiment of the present invention.
Figures 6A and 6B are scanning electron micrographs (SEMs) of bumps

formed in accordance with one embodiment of the present invention.



bondi ng nmachi ne in accordance wi th an enbodi nent of the present invention. 5
Figure 9 is a scanning el ectron m crograph of a bunp formed in accordance
with the prior art. Figure 10 is a scanning el ectron m crograph of a bunp
formed in accordance wth the present invention. Figure 11A is a scanning
el ectron m crograph of the stitch bond ends of a plurality of wire bonds

formed betwe a di nd a str I n..accordance with the rior art taken
froma first e%gpge&e@%?h’r@pgh%ﬁpge %ﬁ@ ?fsblé{"E%g?{m%'"eﬁ“é’MW%E'ﬁ ogr aph of
the stitch bond ends of lurali of. wire bonds fornmed between a die and
a subst r%ﬂoéﬁ) "ne'H§8§Wa%'?$c°3tQﬁPﬁeﬁaeﬁéﬁ'Y"ﬁP@SBnt I nvention taken froma first
perspective. . | gu i | f ] CI f stitch
bond ends of %‘a”@ g%?i#éﬁgf&ﬁqﬁggweﬁr%% l‘fo)dé% %@Hq‘gfr&ggb n%wgsubstrate
i n accor W ' ; ; | : ctive than
seen i n e ghine' allorBin bitRanifbodiniyfit ey fid bRIERL IERRBRT! | 12
stitch bond ; i L; F}Rﬂp ' nd a
subgt rate i nqggggér)gé%ges%\?\ﬁpﬁbtﬂécﬁq @slée'ﬁtq | nvéfn% Pgﬂﬁgfghﬁggﬁﬁ%rcg%maaﬂgiéfferent
per spectyifietid'posen in Figure 8B. Detailed Description of the Present

I nvention Figures 4A through 4F generally illustrate the position of the

capill ary ti prignfe 10 heaWchfnitg sléetréh Hi@b?ﬂipl’ﬁé%ﬁﬁn‘fﬁfoﬁﬂe_dm'ﬁl@b@fcﬁén@éﬁp
formati on process in 25 accordance with the present invention. As shown, the

begi nni ngitlvthe predentinvehtionat i on process is essentially identical to the
prior art techniques. Particularly, the process starts with a short
di stance of tFigure 1&A49 aesscaanithgngletirommiitrogeaph oOf theystiddh bondleadwiofa i s hit
with an electric spark to cause it to nelt and inherently forminto a ball
42, The plarsdlity af wire homddfopsed batween gotie and a subshatelirsaceordaneanwitbdbeeze
the ball against the surface of the bond site and formthe initial shape of
t he bunpprgr aft takendeoma finskpers@estied. the capillary tip. Heat and/or
ultrasonic energy is applied to ) ]
Figure 11B is a scanning electron micrograph of the stitch bond ends of a
plurality of wire bonds formed between a die and a substrate in accordance with the
present invention taken from a first perspective.
15 Figure 12A is a scanning electron micrograph of the stitch bond ends of a
plurality of wire bonds formed between a die and a substrate in accordance with the
prior art as seen from a different perspective than seen in Figure 8A.
Figure 12B is a scanning electron micrograph of the stitch bond ends of a
plurality of wire bonds formed between a die and a substrate in accordance with the

. present invention as seen from a different perspective than seen in Figure 8B.

Detailed Description of the Present invention
Figures 4A through 4F generally illustrate the position of the capillary tip and
the wire at six different stages of an exemplary bump formation process in
25 accordance with the present invention. As shown, the beginning of the bump
formation process is essentiaily identical to the prior art techniques. Particularly, the

process starts with a short distance of the wire 40 extending from the capillary 41.



s formthe bond between the ball and the surface. Figure 4A shows the
process at this point. 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 the 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 in
Fi gures W€ WHEdBGH with ap glegtiik spark tRicausg dt toaelh and itheyently form inte adallor ni ng
two bends_ 4 and, 40b.in the wre. The distance of this lateral  notion is
e ef n 147 ine CRBIIADY egrdgBp JowiLto At Ing BORE Sted iband Sukeae iR bAIh

recessar PR Sl Y 00t SR DO b AR B2 | o
o AEGTe b b b 6 iy e PR AH B AL .o
epar at iSRRG SRt etGeBRFE bRt A hE shitbde “iGlie 4R shBRs hsmiBesY ™'
any special noipf r cunst ances where the second vertical rise is to be less than
the separation height, the fold factor is sinply a negative value. The fold

factor is USQQeit?tl@BéFﬁiﬂ’érP/tét‘leris ﬁttt[\ﬁgla%ﬁseﬁdq? SHBWPY"PEaniNbﬁ%rﬁétpagor s

the top of the bunp. Figure 4D shows position o e cap ary and wire

at this peidéhérdishendt SORFE extetRiifdRbir REMop ¢ the BBNESd BhRpdenatHey downward
and back to the left to fold the wire back on top of itself on top of the

bunp. Padictariebadftthyis riseiis hepdinndmisd HRCsparation Veight. Flurdi4Bemews fig | on 25
can be considered to conprise two orthogonal conponents, nanely a vertical
componentapilaty aosiloar dfter(thisaitep s Thewapilang all thew musvesnaterdihyeinvefitst cal
conponent is a downward conponent ending at what is herein terned the bunp
hei ght . difectivadtaliheglight it fregulies ddntheowdh 4Rktovkdank ithe Wirecagpsinean i Figune

di agonal notion is the separation height mnus the bunp height. The | ateral
conponendCothustferninggwodiendsotGaand $0han thewirer ee distanice! of thistlatenalof f set
and is generally in the opposite direction of the first lateral direction,
i.e., ¢ heofin ds Befeiter thedalgsefésathd hei gapillady thgrnimoves upward again a

short distance to pay out additional wire. Generally, although not necessarily, the

15 distance of this second vertical rise will be at least the distance of the first vertical
rise plus an extra distance herein termed the fold factor. Accordingly, the distance of
this second vertical rise will generally be referred to in this specification as the sum
of the separation height (i.e., the first vertical rise) and the fold factor. In any special
circumstances where the second vertical rise is to be less than the separation height,

. the fold factor is simply a negative value. The fold factor is used to controt the
amount of wire in the wire fold that forms the top of the bump. Figure 4D shows the
position of the capillary and wire at this point in the process. The capillary then
moves diagonally downward and back to the left to fold the wire back on top of itself
on top of the bump. Particularly, using standard vector analysis, the diagonal motion

25 can be considered to comprise two orthogonal components, namely a vertical
component and a lateral (that is, horizontal) component. The vertical component is a

downward component ending at what is herein termed the bump height.
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s over on itself. Preferably, the distances of the various notions, i.e.,
separation height, fold offset, fold return offset and bunp hei ght, are
selected so that the capillary tipis within the wire over at |east a
portion of the diagonal notion such that the capillary tip scrapes off part
of the wire that bends around the tip of the capillary, thus creating a
snoot hed, sl

f f b . Fi 4E h i1

T1p at  UACuRGY Tt BATEORP e Y G CoBRnent AENEABAGPRRAtoT 5B vi ¢ h { he
Chen oI Gasaratibr beight ipdy thebure® reade’ e I8 SR an i Biddohehe and of
th t hed ti f t . FI 4F . sh the. Lt f th

capi 11 arpofen BleesihisTme e dtieninitstyand e determlly in B oAb e end o s
the b £ or.nat | M re. b ' hi ' .

cont ro e % RERTEEH al86u%hi® R 1B Shurebe g B

desgri begl dendidbir, BYERRbY, HLAEHITL IS YRELS Bbtiohs 0 81 LabarlfiBfessi ng

evice such as a programmed general purpose conputer, a digital signal

process Or‘ieigﬁt, $5|atoﬁsgﬁq.{9|brr§turﬁ o‘f@@?éﬁ??bhﬂ%‘hai Riare Skldcted sothat the

m croproce$sor, an application specific intedrated circuit or any other

known di gddilfry tiBrie Witk tHe WRadver hf Iealfa Porfot of theCiagdn A FRoforc SgH iRt . t he
i nvention would reside largely, if not exclusively, Tn the software for

progr amﬂﬁneg;atph%_r%ﬂﬁm@t@est@ﬁ antof the wireahut bendiPadiung tHBGRI dTehe @apiiahpr m t he
processes described herein. Referring nowto Figure 5 which is an elevation

vi ew of thosexeativigea ¥mustived, ol §ufaceion fopotedamp. Wiguretdshowiaat
i nvention as descri bed above in connection with Figures 4A through 4F, the

bupp congapilty tip didhé emdpiithe diagohal gmtienal |y fornmed during the initially
steps of formng a ball bond as illustrated in 11 Figure 4A. On top of the
bott om port i diexif theheaplany Hllrises with dhel clampd operdih offies té phy oubh shiorle 52
generally conprises a first folded portion 56 havin? a first end 56a
ext endi ndjstaneemadmdre. nT g clampg are thee adegedand the eapillanystidriges again t61 of t he
bunp and a second end 56b, a second folded portion 57 having a first end
57a t hatSnap the wire at the end of the smoothed portion of the bump. Figure 4F shows the
position of the capillary 41 and bump 42 at this point, which essentially is the end of
15 the bump formation process.
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 signal processor, a state machine, a combinational logic circuit, a
an 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
25 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

11



s essentially collocated with the second end 56b of the first folded portion
and a second end 57b. Snoot hed, sloped portion 53 on the fold was fornmed in
the second folded portion 57 of the bunp by the above-descri bed scrapi ng by
the capillary tip during the aforenentioned diagonal notion illustrated by
Figures 4D and 4E. Nub 54 essentially is |left where the wire was severed

Ty A B SRR B 51 S TR LR v
. [ [ , . o
1 P AR R A T S
i PR NG5S BBk ATk AT LB 1 o
surf ace FAassd 0 %4 BcSHSTBLA BORGETSY LU ATeLbRIST !
shoyn i rles'éleﬂh‘{ngi ébli%??esd;?ﬁth 'tﬁé%?g?ﬁédalreHg%eB%f tﬁé'ﬁfét?{))lhgg rdrlrn]‘?ii&%nd%“”p. hei ght,

fold factor, and eturn offse an appropriate

bump  dengRdnHAES 3. O8ridith g'm BBﬁioﬂfsﬂaﬁgtlﬁFBI& knﬁarsngm{ad ifs B sé@ing hol e

di aneter and capillary cha r diaheter, e wre daneter. In general,

t he | ar gededhfortibh B7CHfIAB bRm mhé ??@%—deéé]ﬂaé@é&a?@fgsﬂith%%ﬁ@f?ﬁbet“rn

b
of fset val ues necessary. Norn%l Is preferred eterm ne the best

val ues f@ririgh@eaiferepr@mtioritediagenalTRo ks ill0straRdePFiguess 4Dafrds4E aNbbssed on
the goals of the specific applrcation. For instance, if the bunp is to be 25

used f oredsenpialbhisdeft mitmre tha evite was sevédredaaraléssentinhly st theisgiobndferidne

snoot hed, sloped portion may not be particularly significant. Rather, the
total hedghof thie selvendbaldediportiohel bightheshamiEd portion tSdmepfesents the foluoe t he
ot her hand, the bunp if to be used 12 as the site of the second bond in
rever se ofiwiee hatellialdghat Was scrapeshzpthesgapiltary tipitgorm the smeothashshaged sl oped
surface tends to be nore inportant than the ultimte height of the bunp.
Gener al ISurfacg8%r overal | bunps, which nay be nore desirable for flip chip

In an alternative embodiment of the invention, the diagonal motion can be
split into two sequential motions comprising a lateral motion followed by a downward
15 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.
The particular values for separation height, bump height, fold factor, fold
offset, and fold return offset to form an appropriate bump depend largely on the
» dimensions of the capillary tip, capillary hole diameter and capillary chamfer
diameter, and the wire diameter. In general, the larger the wire diameter, the larger
the fold offset and fold return offset values necessary. Normally, 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
25 used for flip chip interconnections, the exact shape and height of the smoothed,
sloped portion may not be particularly significant. Rather, the total height of the

bump is likely the most important factor. If, on the other hand, the bump if to be used
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5 applications, can be fornmed by increasing one or both of (1) the sl ope of
the wire fold on top of the bunp and (2) the anbunt of wire that forns the
fold. The slope of the sloped, snoothed surface generally can be increased
by reducing the fold offset and increasing the fold return offset relative
to the separation height. Further, the ampunt of wire in the fold is
generaJI&gi ncreased by increasing the separatjon helﬁht and fold factor

Fi gur es @athgfiteatt the sesendAerRg i @&rs%ww&%%ﬁhgn repBEPe ANG(RFReIghtor red
' t d d th 1o d
s S oA e B  B Rl Sr
follow n | ary paraneters. Paraneter Value Wre dianeter 1.0 mls
Capi ||ar‘3t9§§ dianeter 1.8 mls Capillary tip dianeter 3.9 mls

S?FL' | E&ydhﬁi g3, sﬁo%f%'b?mp%“%&#‘f@%i’tbezm%f?‘gég'ﬁ%ﬁ%% b " Po' 1
f d

gg ea:] or “HHkatfk. cah'og forlrba/ Rl 6% of BofESK QY M sloBE i ing WiRGRLT

?heﬁ egf I n reggg@%ﬁ?ﬁg?g&i@@?ﬁﬁﬁﬁfd& Ifaquet an gdg?gg%?%éﬁﬁh?gleg

return Cgl%ﬁéﬁ s%édtﬁé&%&rféée rg%héFélMQ:atané (MRrERRY 5} féi’ﬁjc]ﬂq fHel fold-bAsktemd’ A

through 7D are SEMs of bunps forfed in accordance wt he present
i nvent i gAcigading/Medoldashanasifset tdlatiteto He®Epr@tibroheight. aF JRhSITHRE Brriifht

stabl e surface for stitch bonding as a significant
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 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
Separation height 1 mils
Fold offset 1 mils
Fold return offset -2 mils
Fold factor 1 mils

15
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 increasing the fold offset and decreasing the fold return offset distances
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concern. These bunps were nmade using the foll ow ng exenplary parameters. 5
Paranmeter Value Wre dianeter 1.18 mls Capillary chanfer dianeter 2.3
mls Capillary tip dianmeter 5.1 mls Capillary hole dianeter 1.6 mls
Bunp height 0.5 mls Separation height 1.2 mls Fold offset 1.8 mls Fold
return offset -1.8 mls -1.5 mls -1.4 mls -1.1 mls _(Figure 7A) (Figure
713) 1 (Fj ur C) (Figure 7D) . Fald fa 075 e bel ow shows
m ni rmmre ﬁ%@%ﬁ%’%’%ﬁﬂwh&@mva @geﬁ FRHgR,7 @fﬁéﬁﬁﬁﬁﬁ’ﬁm%e contr ol
pararret

o1 1 261, &Fmacff%ﬁ%@%?“@%aﬁe‘%eamnvcﬁﬁmihgﬂwq§ SJondh Wit pef o' @ "o
copr Pf'a‘r*@f’“ﬁ*m o Bt Rl AR B o EBa BRI e

d
ngiﬁm@{ﬁe f@é‘ﬂﬂ%ﬁ bﬁlﬂpgglﬁel%\%?\ggtuﬁmbgﬁéfféﬁmaburrp sﬁ@ es necessg; SV:‘ ore

revgarse bond| ng and flip chi p burrpl ng. Val ues outside of these ranges may

very r Ipl gduce acceptap 5 | b‘bUl ts—and Lllbbb aMgeES ar € 1TeET et
exenpl a 3? 5'?—‘%?‘% her, the col unmm Yg "Exenpl ary” represent recomendgd
starti nw.;@dmﬁetépr experi nment pk, 1@ahﬁ§m nation of the best val ues, whidgh,
as not ed_above. preferablyv should be determ ned _PI'TDJ ricall y and dpnpnd on
the pay Qa@dlaav cwpfercchamier 14} P&miet er M ni mum Maxi num Exenpl ary  Bunf]
hei ght ba‘élil‘é"ﬁ/ h’p?l‘(&lheter 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

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

10 dimensions, i.e., wire diameter (WD), capillary tip diameter (TIP), capillary chamfer
diameter (CD), and capillary hole diameter (HD). The minimum and maximum
values define ranges that have been shown to provide appropriate results in
achieving the different bump shapes necessary for reverse bonding and flip chip
bumping. Values outside of these ranges may very well also produce acceptable

15 results and these ranges are merely exemplary. Further, the column labeled
“Exemplary” represent recommended starting points for experimental determination
of the best values, which, as noted above, preferably should be determined

empirically and depend on the particular application.
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Separation height CO/2 CD HD Alternate WO 2WD HD separation height Fold
offset WO CD HD Fold return offset WO CD (TIP-CD)/2 fold factor 0.0 2WD
0.5WD I n general, the higher the desired bunp for any given wire dianmeter
and capillary size, the shorter the fold offset and/or the greater the
separation height, fold 5 return offset and/or fold factor. It has been
observed that, if the bunp is to be used as a platformfor a stitch bond of
a wreloop—values betweenthe "M nimyd ar - - j \
tabl e aPFavamater | kel y [(MINOUR; e appropMaXiIMBUM f on t
i ncreas T rght—i re 1 por tant woutd- typic
flip c@%"ﬁﬁ%‘?ﬁg, ther%bg?ameter val ues bet ween the "Exenplary" and 10
" Maxi mjSepardtiohcheight hg CBIY e above are| CDkely to be nof éiDappropriate. The
fact thatthe-stitch-bgnd nmade on a sloped-surface-helpskeep the wire from
saggi ngAHematehe stitc Whhd. The fact [AMDthe stitch h&W i s made on a

| ar ge, | sepayatiand@ighice |i nproves the reljability of the s$titch bond. Figure 8
shows aFold effdetop in WHiWD the stitch bp@8® is made on topif a bunp 15 made

i n accordapce-wi-ththepresentinventioh—ln-this—partigular embodi-nent the
bunp 6] FaKktreduinieffselond WE are nade on t_ﬁ@ bond pad 63 c)}(T|§'§Pé/264 that |is

suppor f substrat SUCT as a f eafsifsiie 0D, Omnm W e fTrst/bal |
bond 66?(8?%}#?% wre Iog)rj067 i s _nmade. Aszcan be seen injFigure 8, the wijre

| oop 67 extends away fromthe bunp and stitch bond 61, 62 in the uphill
direction of the sloped, snoothed 20 surface (to the right in Figure 8).
Thus, the wire extends away fromthe stitch bond at an upward angl e that

hel ps keep t He danesak thﬁmlgéggthegdeﬁ;@d burapder amnhaivenvire diametepgedat i on, t he

bump 61 is_%l aced on the bond pad 63 in the manner described hereinabove in
connect | GPINATY gize; the sRordel thefaldpfset angearithe grratenthe separation haight, fold

5 return offset and/or fold factor. It has been observed that, if the bump is to be used

for

as a platform for a stitch bond of a wire loop, values between the “Minimum” and
“Exemplary” values in the table above are likely to 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 parameter values between the “Exemplary” and

10 “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.

Figure 8 shows a wire loop in which the stitch bond is made on top of a bump

15 made in accordance with the present invention. In this particular embodiment, the
bump 61 and stitch bond 62 are made on 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 67 extends away
from the bump and stitch bond 61, 62 in the uphill direction of the sloped, smoothed

20 surface (to 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
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same or a different wire bonder noves to the site on the substrate 65 for
the first/ball bond of the wire loop and forns a ball bond 66. The
capillary then noves to a 5 position over the previously formed bunp 61,
which will be the location for the second/stitch bond of the wire | oop. The
notion of the capillary between the first bond site and the second bond

g W L
M e A T
ultraso n?aﬁg r?z ll%gé)l:‘c t %'%aﬁg'ﬁqeégﬁ ?@‘% @gﬁal st'tg?@ @’8@%@’%‘?%95‘7@%‘5%“?'/3%3 I{ hen

cl ose arbpihbl BehARRLEEGT S 2Ka 8ond o8 e RasliANaRe mitddio don d'
s & Scoportion Bfef FRbreliBe orheh BuprB1 Wi BTG Tl B the 0o

bond pad%p%d?stﬁé’r%&ﬁ&%‘ﬂ?ﬁ iivir@ilﬁo'.”Tﬁé?rﬁ’d%tﬂﬁft'f?rftrl]wi\é";s ggi:’fp@fviléén e first €Chni que

descri be ove I'n the background section o ication. Figure 10
is a SEMy@&hd sit®bHHhé S¥coihd BERBSItERAR iREURE ARy PRSForPEompoR8misiitinéed or die

i n accordance with.the present invention. As Can be seen the bunps have

nore gol fecessaherd gropesly Shapante aviﬂeabagmanmé@é@rwgﬁ@h YoaH@peid thegnoot h
surface for accepting a stitch bond.. Figure 11A is a SEM showi ng a portion

of a pl umaleton i ofithe stopads snrth pbeiorstd bEthesudp emdeamauraﬂg, e a bunp
made on bond pads of a sem conductor die in 25 accordance with the prior

art- t echcapilearydasesd dewn anadveontacts hiee shpledr smodtis saface) tiofds pimching the
specification. Figure 11 Bis a SEM showing the prior art bonds from Fi gure
1 1A fr owira beitvéen &me capidamyrtippand fex slioped, gmoothnsrtaceeddeatrarioh Fi gures 11A
and 16 11 B, the wire | oop sags substantially and al nost contacts the edge
of the dulyasomicenesgy may ke apsiad tontagilitaje dopding. ohhe tapillanithenirisgsotitivi r e
| oops net%re ct:lgrenps 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
15 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
technigue 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..
Figure 11A is a SEM showing a portion of a plurality of wire loops near the
stitch bonds made on top of a bump made on bond pads of a semiconductor die in
25 accordance with the prior art technique described above in the background section
of this specification. Figure 11B is a SEM showing the prior art bonds from Figure

11A from a different, lower perspective. As can be seen in both Figures 11A and
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stitch bonds nmade on top of a bunp nmade on bond pads of a sem conductor die
In accordance with the present invention. Figure 12B is a SEM show ng the
bonds 5 from Figure 12A froma different, | ower perspective. As can be seen,
the wire |l oops sag substantially less than in the prior art techni que
illustrated by Figures 11A and 11 B and clear the top surface and edge of
the die b%/Ba substantial distance. W have discl osed new net hods and

appar at uk1B,dhe sviesloopgagsrasbstantiallg ant @dmostecontacistitbe esigexfithe die.
applications,_such as reverse wire bonding and flip chip. Further, we have
di scl osed a rEguEI1dhds afMahowinga pariien phaplwalityiafgvire papsinaardhe v,
reverse wre |oop bondi n?. Sonme of the advantages of the present invention
i ncl ude $theh Perdamasie on tap ot BEmMPmade an hald BadHahd SeRHeONHIGRN difdh ove
Nre | ocAPOORREENE U Aresent HvBatiany £iaks b be SESEstPvRaBE ERa ng
o ot do O EGUE, ToA e, AR TRnR RS eRTSPSEts ehs SAB SRSt 1 BIGIORRT ch a
titch bgnd f ' g ] I ' icatiqna A
ot o R 6t B BE R 4ot DRI ABAT IS 33 7B
ot . ot . ¢ : ;

cors) suri R haRe 1ok SllaBOBRBHBRS e RVARS BB AL ° o

dificati o . . . dinth
art Such al testel LRGN A oo SR i3t for bl RRANRE R ot ous by
Chi di : t i e - not
expr essl 5 ot Aot FretLAREEtor donfahBht Slonah BRI HARATENIRTY < cope

of the iémﬁ.;tFiugtﬁgr, v@&ﬁ?fté’ﬁ@ld@eo‘é‘% tR6E A4 '%@Pg?eftﬁé Wﬁ%@?é%&poﬁmaﬁg gf

exarrple on _ not Timting. 25 The Inventfon iIs i efi ned
in the feikiowany, @vaisBwird lo&HBbNGhENSomé BE{HYE Sdvahfagéaibithe gresénimet hod for

form ng a bunp fTor sem conductor el é&ctrical interconnection using a wre
bondi ng iFRERtidtEincRRIethBEbRASLEPEPA IsrhBPahd forbR@sbiehp 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
15 formed in accordance with the present invention provide a larger, more uniform and
more stable, smooth surface on which a stitch bond may be formed in a reverse wire
looping application. Among 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
L 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 to be part of this description though not expressly stated
herein, and are intended to be within the spirit and scope of the invention.
Accordingly, the foregoing description is by way of example only, and not limiting.
25 The invention is limited only as defined in the following claims and equivalents

thereto.
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(1) formng a ball bond at a first bond | ocation using a wire bonding
machine with wire, said wire bonding machine having a capillary; (2)
raising said capillary a first height such that wire attached to said ball
bond pays out of said capillary; (3) noving said capillary laterally a
first lateral distance in a first direction; (4) raising said capillary
furt he(g .B_?/?.a second height; (5) noving said capillary in a second direction,
sai d se®BRd direction having a downward conponent and a | ateral conponent
to forma fold of wire on.the ball bond, said,lateral . caonponent bein
general 1y dppositt BEHICSEN FrTne e byl sehicondyctorsieaaisaiiNescaies ol vang fom
sai d buvinpborwlivey sanhiaef saie nudthodhcoroprising Hre/steppot:hs at | east a portion of the
fold of wire during step (5). 2. The nmethod of claim 1l wherein step (5)

i ncl udes cr i f . : It .

wre sooot Han by e YoRREHaATRHD U BfontpdE RS nebfle W WRS, o
step (B)d wisenbending neacbine maying aespitlarysur f ace on  said bunp by the capillary
snoot hing the portion of the fold of wire. 4. The nmethod of claim3 further
conpr i si Ng bNeaisihgRal capliiGhy RiRbHIGhtaL byiRNEt8dh el 88 sa RNShIMdrddR0 8 106t of
ener gy duri(r_lg %‘tleg ?S)C.ap S}V The rree{'](%'og’ 8’? C a‘tﬁi“m4 gr el nastep ({gdapcs:dglrrgrltges
t he sts@jpkcapfllary:1. 1) positioning said capillary above the first bond | ocation
for said bunp to be formed with an end of said wire protruding fromsaid
capillary; ((S%n‘?&virtbeﬁidi Rpifaydatnsliyod fististerdl BRtaMENIRBYrbE difkigR; @ bal | of
wire; -18 (1.3) lowering said capillary so as to cause said bal | of wire to
contact said.first bond |Jocation for a b _and squeeze said ball against
said first (ﬂﬁﬁﬂs'lngéa’tdi%'?fllaéhg‘rfrfrzp)‘/ %%Ppﬁﬁlgg'ggb | east one of heat and
ultrasonic energy to said ball during step (1.3). 6. The nethod of claim4
wher ei n st g3) (fvirkpsan cagiBartyna asdeepad irectlo, daid 'satdidgrettiod hadipigld éswhwértih

wre pc%p%gler?tu}mdog Ia%glla cgr%B%én%rtg ;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 step

(5).

2. The method of claim 1 wherein step (5) includes creating a sloped smooth surface
on the portion of the fold of wire smoothed by the face of the capillary.

3. The method of claim 1 wherein step (5) comprises creating a smooth surface on

said bump by the capillary smoothing the portion of the fold of wire.
4, The method of claim 3 further comprising the step of:
(7) applying at least one of heat and ultrasonic energy during step (5).
5. The method of claim 4 wherein step (1) comprises the steps of:

{1.1) positioning said capillary above the first bond location for said bump to be formed
with an end of said wire protruding from said capiilary;

(1.2) heating said end of said wire whereby it forms a bail of wire;
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(6.2) clanping said wire; and (6.3) raising said capillary further to snap
said wire at a point in the wire where it was pinched during step 5. 7. The
met hod of claim4 wherein steps (2) and (4) conprise noving said capillary
in a purely vertical direction. 8. The nmethod of claim7 wherein said first
direction is a purely lateral direction. 9. The nethod of claim4 wherein

sai d bunp wiyl J - S ki . Of 1 . nni ng
bet ween anolhigrlgﬁ?)@g%e?adﬁ%g Héé}ass)dé Sgt{?n%ugélgélg\%gﬁg?%]%aﬁoﬁ f }Igrcgtg a'gicﬁr?![é)ccbt%?@n is
t owar dogaiion fanabHew anscsaueere said bafrggainst $ridi ficst bendilerationhadi n sai d | at er al

conponent of said notion in step (5) is precisely opposite said first

direction. (14 aBbﬁyiﬁ?EhFéﬂstQﬁné%ﬂié&énM&FﬁoHic%ﬁhbﬁb td sdid B8N @bting %quph).
a

hei ght, first later di stance, and said downward and said |atera

conponents of the notion in the second direction are predeterm ned and are
det ermi ned &s a ﬁl?rfef’ﬁmﬂ Brlaim whered) step (ShFmiiises thagters A east one

di nension of said capillary. 12. The nethod of claim 11l wherein said first
| at eral di searioRisirgy $ald aapibngavitrevivegayimg dlit aresiércapiilasgi d wire and a
chanfer dianmeter of said capillary. 13. The method of claim 11l wherein a

di stance of id | ral, conponent of the notion in the second direction is
in a range @Zﬁvﬁgaerﬂs"tgs&ggnﬂr%'ra said wire and a chanfer dianeter of said

capillary. 14. The nethod of claim 11l wherein said first height is in a
range bet wel@m)onisingasdid odpilarydhethereto shagrsetdewireft g aothtdapihe wireywhenel itavas
chanf er. di aid capillary. -19 15. The nethod of claim 11l wherein
sai d g%e%‘n %ﬁ hs?ée g in a range between said first height and said first
hei ght plus twice a dianeter of said wire. 16. The method of claim11l _
wherein saitl verthecapthodmishdmt4 whereestenps (Drpndn(4) irempsice orrying said caRitanygni n

a range heiVeshcsdidcfibd st height plus said second height and said first
hei ght plus said second height mnus a dianeter of said wre.

8. The method of claim 7 wherein said first direction is a purely lateral direction.

S. The method of claim 4 wherein said bump will be used as a site for a stitch bond of
a wire loop spanning between another location and said bump and wherein said first direction is
toward said another location.

10.  The method of claim 4 wherein said lateral component of said motion in step (5) is

precisely opposite said first direction.

i1, The method of claim 4 wherein said first height, second height, first lateral
distance, and said downward and said lateral components of the motion in the second direction
are predetermined and are determined as a function of a diameter of said wire and at least one
dimension of said capillary.

12. The method of claim 11 wherein said first lateral distance is in a range between a

diarmeter of said wire and a chamfer diameter of said capillary.

13. The method of claim 11 wherein a distance of said lateral component of the motion
in the second direction is in a range between a diameter of said wire and a chamfer diameter of

said capillary.

14, The method of ¢laim 11 wherein said first height is in a range between one half of a
chamfer diameter of said capillary and a chamfer diameter of said capillary.
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17. A wire bonding machine conprising: a capillary; a wire delivery system
for supplying wire through a bore in said capillary; a notion control
system for controlling notion of said capillary, said notion control system
including circuitry for; (1) formng a ball bond at a first bond | ocation
using the wire bonding machine with wire; (2) rai sing said capillary a first

hei ght such t halthev}dngt(?\ogtotf%fm%qﬁ wher%lnI Faat"gf*%{ﬂ‘ ggﬁ rSZ&nO an 659%’&?93’} S arst,

capill ary; ) noving said Ca
a fir sheighitrasdtsashfirst h?lghiapkslsrliglcsaﬂ diam;nrldfaaryl vﬁlmt her by a second hei ght;
(5) noving said capillary in a second direction, said second direction

having a df‘f’&;""arﬁe rﬁQfﬁBP%‘?'&Faurﬁrhq Rhérdtredad v&r%’é’l% onteﬁtf BP{h@‘rﬁo&{H AL wre

on the bal ond, said l[ater nponent  bei ng era 0SI sald
first secorstdirestiondsin g eanwebﬁéwpﬁg5@dufmstvhalq§1tfmm@@scron§memhtmdrsemﬁrat face

of they&dit dihéald SERPk HeigHt rhu‘ﬁﬁ% fRarROlet bPEi@tvildne fold of wire during step

(5). 18." The wre bondi ng machine of claim1l7/ V\/nereln said circuitry for

perform ng tasks (2) through (5) is configured to create a sl oped snooth
surface on Ythe ﬁ%l"'ﬂ'ﬁd??"éf“gtrﬁéc"f'(’ﬁ EOTBPrigiNg e CAR{RY ha dvirg deliysry nBffor he

capi | | upplyshg ¥ wmg thragkh GDore wsau‘{ hepmarw abﬁmbrn@:m By stemOor ebtrdNidPBmofien @F n
said circuit or erformn I S confl ?&)ﬁgc eaﬁj gsm)og
sur f ac®bFPRIEY %vntcnatr SFqna %A%%F'ﬁ?“hﬁv mie 3pall perd alop dreds
W re. Edhd IE&Htlo‘v‘MLfsmdl@n@d'inﬁgb@mﬂﬁ@ gﬁlcﬁfne@hm WIré,Q(ZMTGrsmgbai@téblﬂaﬂyCaJﬁlrtsf Me[fght
conprlse rooces evi ce in chine o

cr b m 360 afesrf, oRarne RO RGP p SRS pyf Bt o oD B AP L B hecRib Ry
runni rigtamlmpalfnmt Iatefetl \dmtmceZQ a firbedinédatien bmamgrmdn cagillafy fotthenbyd séeoridher
conpris | east of a heat _tra sd an,ultraso |c tr nsdu
caapt ciFans; S OEh BB caRAPy T deordradRSHET el Se Ry kAT ORend SEBFAMERL
and stadm:m:nbohahd allatatal comp2BentThdowm adoldar eviregometehbatiebarid, shn&mame&ag wherein

d ' i for. .- 6.1
fg: si ﬁég n@ﬂ 'gﬁé’béuﬂg lggﬁérfa t%hﬁ'&lﬁeas%"d fiddd d.r&&[ﬂﬂ faﬁngsgké(:\%g::nfg[séurdy@fre frofPsdid- 1)
bump, whereln a face of the capillary smooths at least a portion of the fold of wire during step

(5).

18. The wire bonding machine of claim 17 wherein said circuitry for performing tasks
(2) through (5) is configured to create a sloped smooth surface on the portion of the fold of wire
smoothed by the face of the capillary during task (5).

19. The wire bonding machine of claim 18 wherein said circuitry for performing task (5)
is configured to create a smooth surface on said bump by the capillary smoothing the portion of
the fold of wire.

20.  The wire bonding machine of claim 19 wherein said circuitry comprises a digital

processing device.

21.  The wire bonding machine of claim 20 wherein said digital processing device

comprises a computer running computer software.

22.  The wire bonding machine of claim 21 further comprises: at least one of a heat
transducer and an ultrasonic transducer adapted to apply energy during at least one of said ball

bonding formation and stitch bond formation.

23.  The wire bonding machine of claim 19 wherein said circuitry for performing task (6)

comprises circuitry for:
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(6.2) clanping said wire; and (6.3) raising said capillary further to snap
said wire at a point in the wire where it was pinched during task (5). 24.
The wire bonding nmachine of claim 19 wherein said circuitry for performng
tasks (2) and (4) conprise circuitry for noving said capillary in a purely
vertical direction. 25. The wire bonding machine of claim 24 wherein said

LNy GRS B QAR R PSR oELB bR f, m0Ving 521

capillary in pur I'rec i ng machi ne of

cl aim19 wherein sald bump will be used as a site for a stitch bond of a
wire | oop dfadirdagpinasaidesireindicher | ocation and said bunp and wherein said
first lateral direction is in a direction toward said another |ocation. 27.

The wire bqpd na.sr@céy.mea;ﬁﬁarglfahﬁérlt% AR sl wipehla [pBIrR iR kh SRR WHeRL jtQfasSal d
not i on of task () 'is precisely opposite said first direction. 28. The wire

bondi RiNFReEIIUABISESkASRi m 19 wherein said first height, second height, first
| ateral distance, and said downward and said | ateral conponents of the

nmotion in tiue S emRiire dbmcﬁﬁg inmthafe&)frzraerdeﬁgewné@ﬁdsawduran&ydat.ﬁe'rmrm BSka
d| amet er of i.mensi on of

functi ca | I ary. 29.
A comseh and (uiPIBRIPe SR P oW EIB PR YD @ e ORER T ciac

conprising a capillary for formng bunps for sem conductor eI ectrl cal

i nt er connecs. on, Theakide bommug efachiredsflzlatm 3 wberetn smdmrrttstrngorcmmtrﬁtg task (3)

execut abl e. i nstructions m t a first bond

ocat | SsEn gl IReY G el pRrBE Rt RGN S EoA ne: | (2) rai si ng
said capillary a first height such that wire attached to said ball bond pays
out of saiab.capihelwirg poiidhg meaching of alaimcipwherainysdidibermgl wiyl e dsedsis d sitecfioal
di sta i |.Lar

secon?%l&ﬂ bgné béi%%lﬁﬁ%%%l %&ggﬁlaﬁkfﬁr?@ﬁﬂgﬁ%% s«lagi %r&%éb?g{t‘tep&n g%td
secondirg} tami direchan i@ @dmmmpward:MQn@trh\ter wqatien.| at eral conponent to
forma fold of wire on the ball bond, said | ateral

27.  The wire bonding rmachine of ¢laim 19 wherein said lateral component of said

motion of task (5) is precisely opposite said first direction.

28. The wire bonding machine of claim 19 wherein said first height, second height, first
lateral distance, and said downward and said lateral components of the motion in the second
direction are predetermined and are determined as a function of a diameter of said wire and a

dimension of said capillary.

29. A computer readable product for controlling a wire bonding machine comprising a
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 sald 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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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). 30. The conputer readable
product of claim29 wherein task (5) includes creating a sloped snooth
surface on the portion of the fold of wre snoothed by the face of the

capillary. (5 %ov-irrrbesa(%ﬁnoéihﬁgd a&%@ﬁ&d%&@H"&a.&“ngAr@' Jﬂe%{%% {II%? sn@gﬂa(rﬁ)

i ncl udes creating a ace on sai capi |
t he poemreneo anda lateral compoiens to form arﬂ@d@@w@tce‘rthedwahﬂr@, priddatetal of claim

31 T urdoRffonERBEIhG bBRer8 AV B &Yite'F3HRAM S dikditibhuskd ons for: (7) applying at
| east one of heat” and ultrasonic energy during sald conputer readable

instructions for performng task (5). 33. The conputer readabl e product of
cl ai m 32 wH&) &pYer i%?'%‘t’fffﬁ%’f%‘? 5?'€é’d‘§lﬂ wherejng farerqf she C?%Parﬁeﬁ"ﬂ“{ﬂ“ﬂﬁ ﬂtg'e'f’%ﬁ

(1) comptibs esthedbRUIfaYird éa@diaptagki(Brt ructions for: (1.1) positioning said
capill ary above the first bond Iocation for said bunp to be forned wth an

end of said W r rotru fr m sa sai d end of
said wire wter eeblvplti " ?ﬁs dB@Flpr‘bﬁ\ E@amz ?5}/43“4%3%%@5 ?r]gd%sa PEIYG Y so
as to gepeslesnsauthl sbidhde af thed partibo of thi fald ofsgire sinbotdied lhgnitie fhacefttherapitarya
bunp and squeeze said ball against said first bond |ocation; and (1.4)

app Y1 12t easin e glelSAloBDrih 55 BBIcF 36Ny 0ci0 Pl Rlhle ekl D, ot oP

(1.3). he corrput rea roduc claim el n sail Ut er
r eadabsreooth setfacecen eaid buorp Ipxetrfa)tranllhgv saorthi@iheapradtion pf thenfold @‘emoe)rrput er
readabl e instructions for noving said capillary in a purely vertical

direction. 35 Wi SATRILEFealSAEHRbARLPEYR Bfouﬁi\ir'%Bs?p %éﬁ@é@@ﬁ%ﬁablgr

conput er readable  instruactions ger ormn
r eadabnetrugiions fiert i(6haprlving rﬂ!s\beaﬁg oagp heaicea@ﬂlulﬁaaﬂnme@erwﬂérlyg saidesog1puter

di r ect jeQRable Fstréftiond @r pRABMHARE thsadabl e product of claim 32 wherein said
bump will be used as a site for a stitch bond of a wire | oop spanning

bet ween anot her | ocation and said bunp and wherein said first |ateral
di rection i38-st efgPMRUes F?aﬂaﬁ'?'rpé%‘f‘i%ﬁf flaifard wharein ekt sRIPPYLSE ERadahle

instructions for performing task (1) comprises computer readable instructions for:

{1.1) positioning said capillary above the first bond location for said bump to be formed
with an end of said wire protruding from said capillary;

(1.2) heating said end of said wire whereby it forms a ball of wire;

(1.3) lowering said capillary so as to cause said ball of wire to contact said first bond
location for a bump and squeeze said ball against said first bond location; and

(1.4) applying at least one of heat and ultrasonic energy to said ball during step (1.3).

34, The computer readable product of claim 32 wherein said computer readable
instructions for performing tasks (2) and (4) comprise computer readable instructions for moving

said capillary in a purely vertical direction.

35. The computer readable product of claim 34 wherein said computer readable
instructions for performing task {(5) comprises computer readable instructions for moving said

capillary in a purely lateral direction.
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37. The conputer readabl e product of claim 32 wherein said |ateral conponent
of said notion of task (5) is precisely in opposite said first direction.
38. The conputer readabl e product of claim 37 wherein said first |ateral
distance is in a range between a dianeter of said wire and a chanfer

di aneter of said capillary. 39. The conputer readable product of claim37

wherein a distange, QJm&?éBF’ 4a%%8fegdr d&&@?ﬂﬁﬂ%Z%h%@?n%aﬁ@Bbﬁg will bh'h% §GE Qe
direction isS’in a range e{ween 8|amater or sal wre and a C ameer
di anet tar agttitehabendeefid wirargep g@mnnifgebatwaputeetheelpdativreand sald dunmgs and wheneBv

wher i guig i) 14def A i BBIEH I de3p () B if BUIRUGPINRRE SSRCardRAr LatRnchant er

di aneter of said capillary and a chanfer dianeter of said capillary. 41.
The conput er_readabl e product of claim37 wherein said second height is in a
range betwedfh saf P FOMPRYtenERagiFbIeRTAdYiaf clairp sk2 wigrgint said aseralremapreneat ahedidr

of sai hotibh ®f tkR- (5T kepreeBdly i bppedadaicrift ame@lonof claim 37 wherein said
vertical conponent of said notion in the second direction is in a range

G L e S

range between a diameter of said wire and a chamfer diameter of said capillary.

39.  The computer readable product of claim 37 wherein a distance of said lateral
component of said motion in the second direction is in a range between a diameter of said wire
and a chamfer diameter of said capillary.

40, The computer readable product of claim 37 wherein said first height is in a range
between one half of a chamfer diameter of said capillary and a chamfer diameter of said capillary.

41. The computer readable product of claim 37 wherein said second height is in a range
between said first height and said first height plus twice a diameter of said wire.

42, The computer readable product of claim 37 wherein said vertical component of said
motion in the second direction is in a range between said first height plus said second height and
said first height plus said second height minus a diameter of said wire.
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