METHOD AND APPARATUS FOR FORM NG BUMPS FOR SEM CONDUCTOR | NTERCONNECTI ONS
USING A WRE BONDI NG MACHINE 5 Field of the Invention The invention
pertains to sem conductor electrical interconnection techniques. Mre
particularly, the invention pertains to the formati on of bunps for

sem conductor interconnections using a wre bonding machi ne. 10 Background
of the Invention There are nunerous techni ques in conmon usage for formng
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die and a | ead fINIEE S RE B JGOMACHINE D still nost
comon t echni ques |s to forma wre bond between a die and its substrate
using a wire bonding machine. The wire 15 bonding machine forms a wire
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(comonl'y necessari passed through the bore of a
capillary 14 of the wire bond| ng rrachl ne 10. The capillary 14 is

positi oned above the bond pad 16 of the die 18 with the clanps 19 closed to
2519pr ev Backfpeuiid of thé Mivémtiomg rel ative to the capillary. The end of the
wire protruding fromthe caprllary is heated by neans of an electric
spark, terneThésd as murmefdusntechhiues in comeidn tsmyecforl farinihy ehevelettriciiie end
of the wire i nherently forns into a ball 20 when nelted. Figure 1A shows
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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 capiliary. 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.




1 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 conmes into contact with the bond pad
16 on the die and squeezes the ball between the tip of the capillary and
t he bond pad. Heat and/or ultrasonic energy are 5 applied to the die 18 to
facilitate the ball 20 becom ng bonded to the bond pad 16. This bond is
commonl y t er Wéth thesclampsstitl closedi sesthab thedwirgleannohpay batpftheapillary opened.
Figure 1 B shows _the condition of the ball bonding apparatus at this point
of  t heskdabackwithindhegapillagy.the £apillaph i is tiesgnoved dewnwardly serthpbthg as
shown iB ‘J:i Bure 1C. . 10 Next, the caai |1 ar% 1%@1 s, noved to a second bond
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At this point, the wire has been pinched, but 20 has not been fully cut.
The capiiClary 14 then rises with the wire 12 still attached to the stitch
bond and with the clanps still open such that additional w re pays out of
t he capil | ar NextTitke chpilipey 14 issmeved éo acesssd band sitec?2; dipisldrergn the ri ses
further to snap the wire at the weakened point at the stitch bond as shown
i n Fi gubebstrate 2¢, withdbepyier ¢34 (whicbrig stilheennegted tathechalbbiond) traiting entef
nuneral 23 in Figure 1 E, is 25 terned a "wire | ooB". )
the capillary.” The motion of the capillary between the first bond site and the second
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
20 has not been fully cut. The capillary 14 then rises with the wire 12 still attached to
the stitch bond and with the clamps still open such that additionat 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




At this tinme, the capillary is noved 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 conpletion 2 of the last step is nelted by electric flanme-off to
formthe next ball for formng the next wire bond. The ball bond is
typically nmade on a bond pad on a sem conductor die and the stitch bond is
made on g e substrate, such as i|lustrated in Figures 1A-1 E. Normally, 5
it is i RhHG laabsterds malled hyelestriciflamensiidodam the pexdalifar farming the e
because, in order to nake a stitch bond, the capillary tip essentially
must ‘coPB§WIreBRMct with the surface in and surrounding the second bond

i1 ui try. onTTRBAENYE WhBSlYwaHS ord b8he o0 2 semestistertlie pradfB0C e
Lyt oal Fyenop 5 ad B g Lot B oo s IR B 26,83 E Nty

desi r abltfﬁ? Irféd%%ﬁlé‘to%bkg %@em@g%p@ SH fhe K81 p d’BPtrﬁ dieHecBlsé Sin'Uia8r

i nstead of connecting a bond pad of a die to a [ead el enent, one needs to
i nt er copReked SN bdAd, e Pl ﬁPté%sanﬁﬂlyinaaﬂc&ﬁe%ﬁl%ﬁ&u dith the _
(hereinafter die-to-die bonding). In this Situation, both ends of the wre
| oop ar sudaicelin dmhdumpearsding thie escorid bone sité s Ifake icapiltagy eortatls thenep o
machine to nake a die-to-die wre |oop, one of the dies nust receive a
stitch balhel it kkdhewilt damage lrircuitiycordthe dieotQrethesothenhand, thkharapillary nay be
desirable to stitch bond to a bond pad of a die is when a very |lowprofile
(i.e., tymicallysanicomelirccontadt with duk sukstrate adthiout d prabliem singe ithe gapianhe

hi ghest point of a wire loop is close to the ball bond, as can be seen 20
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one needs to interconnect 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

20 from Figure 1E. The bond pad 186 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 tead 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




the stitch bond on the die (hereinafter reverse bonding) so that the

hi ghest point of 25 the wire near the ball bond is at a | ower el evation
than in standard forward wire bonding techniques. Accordingly, the overal
hei ght of the package can be | essened. However, it usually would not be
possible to forma stitch bond on a bond pad on a 3 die for the reasons

di scussed above, nanekg the capillary m ght dapnage  surrounding circuitry
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die. The bunmp may formed, “for 1nstance,” using the sanme wre bonding
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machine can be used to place a ball bond on the die pad in the normal fashion, but,

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

20 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
bail 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




As a result of the ever-present drive toward nmaking el ectronic conponents

smal l er and snmaller, the dianeters 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 becom ng thinner and thinner.

Accordi ngly, present techniques for reverse bonding are becom ng | ess and
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top of the ball) pays out of the capillary, (5) closing 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

20 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




20 bondi ng thereon. However, wth very fine wires and/or fine pitch
applications, it is still difficult with this technique to assure adequate
cl earance between the wire and the die. A diagonal notion to snooth the
top of the ball often is preferable to a strictly lateral notion.
Particularly, while the purely lateral snoothing nmotion worked well for 25
many applications, it was found that, as ball sizes and pitches continued
to decrpagieniaf te fep of the bump wasceeing scrapedeff, dhisitechnique ofteprsuffiecedunp
during the purely lateral  snpothing notion could tear the bunp off of the

pad. | n®¥§n E@at%rn%"@@i%ﬁp 'r@dﬁﬂéa@ €AACPon of the top of the bunp was
even ater  pr.obl ens of
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el ectrical contact with the stud bunps 10 on the substrate such that the

remai ni gownidies igl pregsed dove shte thle sabsteitecthatthel dig is BuSsdricRideupsidéd ous
techni ques for formng the stud bunps on the substrate are well known,

i ncl udi dowh enthegubstrateowith shevobhd pads lire electritah gontachwith tes stnd bainpg i n t he
way described above for form ng bunps for reverse wire bonding. In flip
chiop i neetheauksirate stshithatdbe remaining cirauitry timthm diei dped eioh hontast thesary to
assure 15 adequate cl earance between the surface of the substrate and the
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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
20 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




and uniformty with a wire bondi ng machi ne. Accordingly, it is an object of
the present invention to provide an inproved 20 nethod and apparatus for
form ng bunps for sem conductor electrical interconnection applications.
It is another object of the present invention to provide an inproved bunp
for sem conductor electrical interconnection applications. It is a further
object of ,th resent inyentign to provide an, i nproved nethod 25 and

appar at U?t$'8$ aﬁ%ﬂ%ﬁ%%@?@?ﬂ@@%f@fﬁfﬁﬁ@@&#lr@ Wsing aovire bapdingonnect i on
appl i cagi%ﬁ using a wire bonding machine. It is a yet a further object of
the pre Mvention to provi de an inproved 6 nethod and apparatus for
perform ng reverse bonding using a wire bonding nachine. Summary of the
Invention 5 I n accordance with the present invention, a bunp for

sem con Marg bf thé Ivéntid Mt €r connection applications, such as reverse
wre bo for flip chip interconnections, is forned by
(1)s ball bongi agcctiahé& withTRe Présent iertidhS A Bin ' i
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di stance, (4) 10 further raising the capillary, and (5) noving the

capi | | achipdntegcoraidctionswisramied by(1) ba# bopgirgy ét&hém;ﬁbitél,imﬁﬁéiéiﬁg thé the

first lateral notion. The wire is then severed by raising the capillary,

cl osi ngcapilaryl apfededennined hieight wffter 6arpiihg the/balybomd withsthe itehpaying oait

pigtail off at the bunp. Preferably the capillary is positioned for the

final dPbderrapillasy tien(3dneving theneapillary interally a ipsedetptmingdydistanceci4s and |
smpot hs_a portion of the top of the bunp. This technique can forma taller

and |ar&{5ﬂ%ﬁﬁﬂ'ﬁ'r&9&%5rﬁwﬁl§é¥.im@mm m@aw@awa%y downwardly in

the opposite lateral direction of the first lateral motion. The wire is then severed by

raising the capillary, closing the clamps and raising the capillary again to snap the
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
20 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 capiltary, which, collectively, largely

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




flip chip applications and reverse wre bondi ng applications. For reverse
wire bonding application, the first lateral notion 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 conpleted |loop 20 will be formed) so that the
sl oped, snooth surface on top of the bunp where the stitch bond will be
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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

20 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 technique 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.




Figures 1A through 1 E are diagrans illustrating the steps of wire bonding
in accordance with the prior art. Figure 2 is a profile of a wre loop in
accordance with the prior art. Figure 3 is a profile of a bunp forned by a
wi re bonding nmachine in 20 accordance with one particular prior art

techni que. Figures 4A through 4F are diagrans illustrating the position of

h il . i ' f .th f i O hni
1 acobr dancr 75 thfodtin 1 e SEN; 8P Rl codied I Berrrance Wiiure & 1o a
profi l eaﬁ&h@r deﬁ]@éﬂpgﬁm p?e%ﬁﬁn\pé}ﬂfynng machine in 25 accordance wth

an enbodi nent present” rnvention. Figures 6A and 6B are scanni ng
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enbodi ment of "t he present invention.

bunps f bondifg imacHiee iflasssduhéd withrit Seboaimsrtionng pRisenb thvehBisgNt
I nvention. Figure 8 is a profile of a reverse bonded wre | oop bunp forned

bysa wire bbigre§ iswcdvaneingelecton dioograph bf & bufipoR¥medNh aetotdimcer esent
invention. 5 Figure 9 is a scanning el ectron mcrograph of a bunp fornmed in
accor dawitk theypriar atte prior art. Figure 10 is a scanning el ectron m crograph
of a bunp formed in accordance wth the present invention. Figure 11Ais a
scanni ng el eEiguss 1Riie Aggaapingiectien mitrograptvetia butp formad i agtondancey of

wi re bonds forned between a die and a substrate in accordance with the
prior aWitheb& BresenbiRvefiPPst perspective. Figure 11 B is a scanni ng

el ectron mcrograph,af the stitch bond .ends qf plurality of w.re bonds
forned betwe \9%59 18 13 APcaningseleg gnpﬂc%m%gﬁ@g %t‘fh]b?'ﬁée"ds ofa

10 plurality 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 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

20 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 essentially identical to the prior art techniques. Particularly, the

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




present invention taken froma first perspective. 15 Figure 12A is a
scanni ng el ectron m crograph of the stitch bond ends of a plurality of
wi re bonds forned between a die and a substrate in accordance with the
prior art as seen froma different perspective than seen in Figure 8A
Figure 12B is a scanning electron m crograph of the stitch bond ends of a
pIuraIiiKeot w re bonds formed between a die and a substrate in accordance

wi th t h&heyireishibwith anrlectris spatk tacavseribia meliianddnberendi ferse intpacbalhan
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par 1 U e B ifie shaBETMe Bapifar I HeR arldlo! (fraBonEerBiby [anieBES

exsendi fwmftherﬂdnhq)ét%bh!tﬁﬁbaﬂﬂand%hg R@irfabse #igut‘)éé%\@'hgglsqqﬁ?rseégg‘ & spar k

to cause it to nelt and inherently forminto capl ry then
drops dimgpdiat.cont act the bond site 43 and squeeze the ball against the
surface of the bond site and formthe initial shape of the bunp as dictated

by the shapeNext, tirecapiffatyl 41 sisés with k@ clanmst (ot shbwas 8pes it bRIehto ipayapp! i ed
to 5 formthe bond between the ball and the surface. Figure 4A shows the
pr ocessoutta short digtance of wise extariding from thertep 4f the besded bhll 4Re THeanps ( not
shown) open in order to pay out a short distance of wire extending from
t he t opdistanceoffisdise is fereintermerthaiseparatien beighhi Eigure 4B shdwes then t er med
t he separation hgj ht_. F'hgur e 4B shows the 10 capillary position after this
st!8p. T?Pepa'@%in% #081 afterthis step, dbe capliagy 4§ then moves daterallyrivafish (to the
right i Laures.4A.through 4F) to kink.the wire as shown in Figure 4C,
thes 1 RN st S blurs saurouch 46 Hiak e o sheven by Pighre,
lateralsc, thus forming two bends 40a and 40b in the wire. The distance of this lateral
motion is herein termed the fold offset. The capillary then moves upward again a
short distance to pay out additional wire. Generally, although not necessarily, the
15 distance of this second vertical rise wilt 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,
20 the fold factor is simply a negative value. The fold factor is used to control 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.

10




R [

notion is herein terned the fold offset. The capillary then noves 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 |east
the distance of the first vertical rise plus an extra distance herein
termed the fold factor. Accordingly, the distance of this second vertical
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capi | | adiyection ofithe fiest tateral dirictibn] ite.{ the fRldP6Mset: Thecadddd thahwird fefolg moves
di agonal | y downward and back to the left to fold the wire back on top of

i tsel f ower aritsalf. Predetablyp thédistaradsasflthie varicns nistionsai e, yepsaatioanal ysi s,

t he di agonal notion 25 can be considered to conprise two orthogonal
conmponehgight, feldmffsel foldrnetwraloffsebapd bemp beight draseteated b dtatithe

hori zont al,%ﬁ;o_rrponent_. The vertical conponent is a downward conponent
endi ng APl tiviis withinthe wise @ver ahleastaportionyot the diagenal midtian sych that

di stanc% of tre ¥_ertical q():fgrrgonent of the diagonal notion is the

separ at N6rFaRdiagn tiP ScrRRes: ofE PAL ah the Wi thatibends.areuad the lipafdhe capillane

ch 90l TR 43R, et S 45 oh BB o B st Sl Bne” 211
of fset .ca‘sm!ﬁ?y?iﬁl&qﬁe%% d‘f"tﬁ%ﬂha%ghgl '.q‘gioﬂver on itself. Preferably, the

di st ance e various no separation height, fold offset,
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Is within the wre | east a por I'agon uch that

‘h L . : he ti f
e capdibianty df wireS CTIRe BRanfid alféathbn@l%%g’aﬁg gf%e%ﬁ@lha}r?ﬁﬁq%&rﬁﬁéé etip o

the capillary, thus creating a snoot ace on t t he

bu[rp. FSrayr theAfires hbthel éred dPtheadmbothed porforibf thehs. FigurBaFsRaes He
not1 on.

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
20 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 bali bond as illustrated in
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Next, the capillary 41 rises with the clanps open in order to pay out a
short distance of wire. The clanps are then closed and the capillary 41
rises again to snap the wire at the end of the snoothed portion of the
bunmp. Figure 4F shows the position of the capillary 41 and bunp 42 at this
poi nt, which essentially Is the end of 15 the bunp fornation process. The

b | d.hat th
i nerse 4] orm’fﬁ%e?m%"@éi@%aé&%%”‘ Pop 515 Rl e i 62 ."r,rqi‘%fcfy )
comput egh Wi 5B GrcanPEah %%%%g@%??ﬁ%dw?ﬁ%ﬁ@%%&é RO Fonar O
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conpr i sasegond epdt5Bb, alseeond ekt Porien e Ha@ﬁigd@frét @haY 74 thiat ishot

exclusively, in the software for programm ng the conputer to control t he

wi se boesSengiaity cbilouated withrthersecbhe epd@stsefthe diestdbidedpdiieafd aRef erri ng
now to Figure 5, which is an elevation view of an exenplary bunp 25 50

formed $ecanscendi&nk.e Smaodthedesipped pottianS3 on ithe fald wissformeddn o secord
connectlon w th Figures 4A through 4F, the bu conprises a bottom portion
51 gent@ldad portignBrdoitheibvwne b tmmabommsemmgsmpmwm@ammw tipond as
|IIustrtedb@%‘1 Fm%ure 4A. On top of the bottomportion of the bunp 51 is
a fol d S¥rRg ore et't?'!ﬁﬂhdfaapn%metlmllyéﬂem bsyth@neﬁw@cb‘%E; Nitb $41 ded
portion_56 I rst, end 56a extendin from egral with the top
of the %%ﬁqn"aﬁ]&g'ﬁg “fh%'ﬁ the wire ‘ﬂ’ﬂ%sﬁﬂ?ﬁ? essendia Yﬂf @HSJGE?GH?O"Q efdcond

P ¢ nSPABEBR SechB bR oriar TR dfsaihorkn o BRPRe i e bR 570,
oor i oroTaye fRAEHARhat PRs i O\Plbilth th e Tt b Gl Bbnerary 1

during élrmacelsg enmenti oned di agonal notion illustrated by Figures 4D and 4E.
Nub 54

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
20 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. [f, on the other hand, the bump if to be used
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essentially is left where the wire was severed and essentially is at the
second end 10 57a of the second folded portion. Lightly shaded portion 55
represents the volume of wire material that was scraped by the capillary
tip to formthe snoothed, sloped surface 53. In an alternative enbodi ment
of the invention, the diagonal notion can be split into two sequenti al

[ I, Si ' d d d 15 i on. Thi
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parti cubpthevitigs for separation height, bunmp height, fold factor, fold
of f set, an(? l?%'f‘ﬁ return offset to forman appropriate bunp depend | argely
on the 20 dGEHeraIntalRl dvralCBithbs Abbichimay SélPﬁéHeac{énéi%Bléefo‘i’h?d@ﬁ]i r and

capillary chanfer aneter, and the wire dianeter. eneral, | ar ger
t he wi r applicatiehel cari be fbmﬁén?b¥ irid?éaéiﬁ?%n@fcfrﬂﬁith %gﬁ)ftﬁb%;ﬁs theWits )
[

val ues necessary. Nornally, is preferred to et'erm ne the best val ues

for theonftop efrthe bumpdanubi2ities anunt ohwirethat foprak thefdld. ThedkigEs efitHen t he
goals of the specific application. For instance, if the bunp is to be 25

used f oslopedpsmbbthedsurfasergansaralynean bednaeased b apducing tivefad bffeét ake
smoot hed, sl oped portion may not be particularly significant. Rather, the
t ot al hECERASIRG thﬁh%ld RIHEN pHSetirplatiye to thareeparatipo height. Fudher,.the famauntt he
ot her hapd, the b df to ﬁe_ used 12 as the site of the second bond in
rever seoaﬁ"i"@ "E)ﬁ?ﬁjfj"rr@!s gensiat cegaged %)htﬂ!ﬁfﬁasﬁflég Ej‘lﬁsenﬁgﬂt@fﬁ hgmfhbﬂﬂddﬁldsl oped

f tends-.to b re Jmportant .th he ul ti mate hei ght t he bunp.
Gelfler al 110t Jii9ieS RA AR BEL 8% Scannina RISRlIgH saiciagraP (5 Me) ef PumPE| i p Chi p
5 appli ' , f Lncreasing one or hoth of (1) the slope of
tho wi r Srsf ackBfshCenalTie pkse T8R0T e neh iR aelpl ictorset or ot he
fold. Thgmp' HigntUs & BRynificant 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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sl oped, snoothed surface generally can be increased by reducing the fold
offset and increasing the fold return offset relative to the separation
hei ght. Further, the anobunt of wire in the fold is generally increased by
i ncreasing the separation height and fold 10 factor. Figures 6A and 6B are’
scanni ng el ectron nicrographs (SENB) of bunps fornmed in accordance with

Conlt | divel 8178 SeBBratfon REIGHL M RiGuRE Aol bR TERAR SEMSTR IS 2 2
par amet wrmedpﬁra@esio%rnslagg@ ﬁ&pﬁg?gﬁg@@%ﬁ%} hé&gg #pha&

dianmeterl.8 mls Capil ary)%oedlarreterIS
m s Bupfovisiorobf 8 IdrgBignodth RiNdesthme shﬁfa%tfér 8itbh boRbgPAS §%igh|1"6drﬂ Fol d

return offset-2 mls Fold factorl nmls 15 On the other hand, It is nore
i npor t aggndepn aThiesy bumpsowe s meldenssingthefollgwingt eXenaplacy ?@rfanﬁé’térsﬂ oped,
snoot hed surface for stitch bonding, the slope of the oped, snoot hed
susface generally can be decreased and the area thereof increased by

[ ncrectsnargn-tdterfol d of fset andvadgéeasing the fold return offset distances
13 rel tiontheight . Figures 7A through.ZD are SEMs of
bunps | Whe figmeter accor dance wi t1h1&jm§5present invention that were desi grled
wth tMWWZ%IHHEH anmd—stabte surface—for—strtch—bordi ng
as a qi qrﬁ | tan ]

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

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 resuits 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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15

20

In general, the higher the desired bump for any given wire diameter and
capillary size, the shorter the fold offset and/or the greater the separation height, fold
return offset and/or 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 to be more appropriate. If, on the
other hand, increased bump height is more important, as would typically be the case
for fiip chip bonding, then parameter 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.

Figure 8 shows a wire loop in which the stitch bond is made on top of a bump
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
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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enpirically and depend on the particul ar application. 14
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i nportant, as would typically be the case for flip chip bonding, then

par anet bond af treswiretloe antl Hernisa datllbong'661nThé @apiNar tienimuedsitesai n t he
tabl e above are likely to be nore appropriate. The fact that the stitch
borsd mapesition over thesprevioushciormedduine 63, whichwill be thedocatiogufongheear t he
stitch bond. The fact that the stitch bond is made on a |large, snooth

sur f ace Seegndistdsh beadrafithemine logp o Therraotion oﬁthemmllarrubgméerat@m awre
| oop in which the stitch bond . is nade on top of 15 made in
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bond 66,004 on top of the sloped, smooth portion 68 of the bump 61. Particularly, the
10 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
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
technique 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

20 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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the wire loop 67 is made. As can be seen in Figure 8, the wire |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
the wire from sagging near the stitch bond. In 15 operation, the bunp 61 is

Etgﬁfigt Pi! {2 Rt Eadt iU AN CobRER e 3 BE i sarre or
first/patl bghfe pAiEa SENShdiins Wpsitioh o2 pIIRIR Rk G hedtine 17, |
t hen noygeh bdnds InA®s bhite of ¥ Hunhp fradfedrn BEAA Paﬁ@bﬁ%éﬁ“@n&]ﬁo?"@ib‘m wil |

be the location for the 'second/stitch bond of the wire loop. The notion of

t he capatd¢ardgndewithehe ipresdritimientionn Figiree! 2B 4 SEM eBoWihgopetbdridse can
i ncl ude any notion conponents deened necessary to properly shape the wire

| 06p 67fromhieigees H24 fram taadifferemd, |6@er petspestivereAe can beogead, thé evired lopps,
snooth portion 68 of the bunp 61. Particularly, the 10 capillary noves down
and con$ag substastiallydessl thaminche prier astctechnique ilhistratedby Figuresild ard ween
the capillary tip and the sloped, snooth surface. Heat and/or ultrasonic
ener gy %é%%?&ﬂ‘@d@@uffa@?laﬁﬂaﬁd@%ﬁbﬁ%@ by aesubstantiahdistaneg rises with
t he cl anps open to pay, out, a short distance of wre. The cla cl ose and

t he cagPI I a% P?‘é%@‘s kg "ﬁ%ﬂ‘&tb@gﬁﬂ%‘?ﬁpl’%raé'fs é’@@ﬁl@e’h‘é"ﬂgg?‘?rt ch bond.
The res ' ' I .67 1s.shown in, Figure 8. Fiqure.9 is,a scannin
el ectro%é@"@98aﬁﬁwt%wggwféaiaﬁ'iﬁ%'wf'y%@ %%Fﬁygrswgggqﬂp%anggl& of a °
sggi con t e J : ' rj.of. ' ri bed

B0ve. | VP Efle I8 HRE e Sinietnbdl S drardls fol L Bofigng

above in : ound section 'S “Spe ron. " FIrg 's a SEM
O s, Eafaselny e, sapes s o herdhispept el 0
gol d, aingemtidreinchricotve fantiation of 8 kirgdPEndVoreaRérasiith)y tSAtHRESs 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
20 alterations, modifications, and improvements will readily occur to those skilied 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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snmoot h surface for accepting a stitch bond.. Figure 11 Ais a SEM show ng a
portion of a plurality of wire | oops near the stitch bonds nmade on top of
a bunp nmade on bond pads of a sem conductor die in 25 accordance with the
prior art technique described above in the background section of this
specification. Figure 11 Bis a SEM showi ng the prior art bonds from Figure
1 1A froma different, |ower perspecti As can be seen in both Figures 11
A and 16 11 B, the wire | oop sags s ially and al nost contacts the
edge of the ¢y&claifii 9Ure 12A is a SEM showing a portion of a plurality of
wire | oops near the stitch bonds made on top of a bunp made on bond pads of
a_sem conduckor dimefod?fef SRS @ irhp 1SR BAGHL BisgRidapn. [l dure 128

is a SEM showi ng the bonds 5 from Figure 12A froma different, |ower

per specint¥@onAgcticinusing Hewite bohdiny machPepsaidTAsthed difg the @ps drhan in
the prior art technique illustrated by Figures 1 | A an 11" B. and cl ear

t he top surf gbefoemimgealball bbnd lat adirst bondilosatisn asingad witediondirgy méehinay e
di scl osed new net hods and apparatus for creating bunps for sem conductor

i nt er comtitbovirersaichplinedaaridimg machite bavingaarapdlany;r e bonding and flip 10
chip. Further, we have disclosed a nmethod and apparatus for wire | oop

bondi ng, par {4)Jaising saidraapiiiasy afirstheiglisustribahyire stiashed to saidalbbondies of
the present invention include the formation of a |arger and./or taller
bunp t hBBY$Hi8UHef $aid cap¥ansubstrate clearance in flip chip interconnect

ST S s e
o, L1 R B8l BB gy 45880 BB {01 20, e, Stebl e
| 0Ping, 200! 9k ATPBSBANGH o B dban L SebRS BHECHAP gy |

thus degewhi@rd BomPEnBAL 4hd 4l |aterAEIRSP AR Ssd 14tERl CBMponeAPbeitg | OUS

generally opposite of said first direction, wherein, during at least a portion of said
movement, said capillary pinches said wire between said bump and said capillary;

15 and

(6) severing said wire from said bump.

2. The method of claim 1 wherein steps (2) through (5) form a wire fold on

top of said ball bond.

20
3. The method of claim 2 wherein step (5) comprises contacting said wire
fold with said capillary such that said capillary smooths at least a portion of said wire
fold, thereby creating a smooth surface on said bump.
25 4. The method of claim 3 further comprising the step of:

(7) applying at least one of heat and ultrasonic energy during step (5).
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20 alterations, nodifications, and inprovenents will readily occur to those
skilled in the art. Such alterations, nodifications and i nprovenents 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

o Vi ted oty adArehed tH.E Pkreibis £ sonlbdid tog et B o "
thereto. 17 FA) BBoMbnith¥am cdpitdnBdVA% (RGrbA1 9 BufR bformen

senm conduct o rrca er corinecti on usi ng chi ne,

id me k ShiRGQari . : .mng a ball bond at a first
sali WA hre &R b §élﬂ%{}é‘§ﬂ%2mgf)% %ﬁg(ﬁébmﬁﬂf g

bond | ocation using a wr Wth wire, said wire bonding

machi ne havi Oﬂzﬁhééﬂﬂﬂ'\d saitend dsdid wWire\Whéraby itk laahall F wiré;st hei ght such
that wire attached to said ball bond pays out of said capillary; (3)

mowsi ng sai d ¢hp} lowering sHid capillsnesd bs $6 chasesaid thlisdfavineto cotati said
direction; 10 (4) raising said capillary further by a second height; (5)
movi ng fogation fgri a bump amd squeszenshidiball @gainst sai Idcatizrgrahddi r ecti on having a
downward conponent and a |ateral conponent, said |ateral conponent being
gener al | y oppb4) applyingsatileastions: oftheat andasitrasenic enargydigrsaid batl dusagt a
portion of said novenent, said capillary pinches said wire between said
bunp and®®dleP)capi | 1ary; 15 and (6) severing said wire fromsaid bunp. 2.
The nethod of claim1 wherein steps (2) through (5) forma wire fold on

top of said ball bond.

10 6. The method of claim 4 wherein step (6) comprises the steps of:
(6.1) raising said capillary with wire paying out of said capillary;
(6.2) clamping said wire; and

(6.3) raising said capillary further to snap said wire where it was pinched.

15 7. The method of claim 4 wherein steps (2) and (4) comprise moving said

capillary in a purely vertical direction.

8. The method of claim 7 wherein said first direction is a purely lateral
direction.
20
8. 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.
25 10. The method of ¢claim 4 wherein said lateral component of said motion in

step (5) is precisely opposite said first direction.

11.  The method of claim 4 wherein said first height, second height, first
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20 3. The nethod of claim2 wherein step (5) conprises contacting said wire
fold with said capillary such that said capillary snooths at |east a
portion of said wire fold, thereby creating a snooth surface on said bunp.
25 4. The nmethod of claim3 further conprising the step of: (7) applying at
| east one of heat and ultrasonic energy during step (5) 18 5. The net hod

of claim4 erein step (1) c rises the steps of: (1.1) pqgsitioning said
capi | | a[%’e ngl?éa'?fq @E‘if’?&ﬁwng%p@nﬁﬂhﬂ“q §al§|e|a¥9(5?ln‘&!ln9ﬁ>"@¢l‘t£ﬁ saifi of said

wre pra trudi |d .end of .sai V\nre

wher by d1a0813[ fhotigR e Pregeifininedizic,ars e 344 fincadh Ardigieipas 1o
cai'd bapt Saiiyite fha B Ifhe) Bof MHhBRAiaR U Fain ST g "a: ) cast one of heat

and ultrasonic energy to said ball during step (1.3). 10 6. The net hod of
claim4 wherein step (6) conprises the steps of: (6.1) raising said ‘

capgillary wigh W rRepaythe dirlaaﬁlf}ﬁ%eréiﬁ%hld ﬁrrswatér%l distalc@ BN g éﬁbé \M re;

and (6.3) raising said capillary tfurther to snap said wre ere It

pi nchedbefieeh a Himaet Bpdaidiwiteé ahiaichdimfe? diarféePof 630 cipilarg) conpr i se

noving said capillary in a purely vertical direction. 8. The method of
claim?7 wherein said first directionis a purely lateral direction. 20 9.
The nethod of claim4 wherein said bunp will be used as a site for a
stitch bond #8. a Wheenéthod of gaimi Hhwbetein adistantkef shiclatérahcamposentd bunp
and

of said diagonal motion is in a range between a diameter of said wire and a chamfer

10 diameter of said capillary.

14.  The method of claim 11 wherein said first height is in a range between
one half of a chamfer diameter of said capillary and said chamfer diameter of said
capillary.

15
156.  The method of claim 11 wherein said second height is in a range

between said first height and said first height plus twice a diameter of said wire.

16. The method of claim 11 wherein said vertical component of said

20 diagonal motion 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.

17. A method of forming a wire loop for semiconductor electrical
interconnection comprising the steps of:
25 (A) forming a bump as set forth in claim 1;
(B) forming a second ball bond at a location spaced from said bump;
(C) forming a wire loop between said location of said second ball bond and a

location of said bump; and

20




wherein said first direction is toward said another |ocation. 25 10. The
nmet hod of claim4 wherein said |ateral conponent of said notion in step
(5) is precisely opposite said first direction. 11. The nethod of claim4
wherein said first height, second height, first 19 |lateral distance and
downward conmponent and said |ateral conponent of said diagonal notion are

redet erm ne d are d rmned as a function of a djiangete f said wire
Dhd at | east MDA SHiRD BANia Grnmate Saidwie oop: SAkLSWER RERdSEIT i m 11

wherein | | [st .eral distance is in a range between a di aneter of
said w F@%ﬁ!f@o&#ﬁ&b@p&eter of said capillary. 13. The nethod of claim
11 wherein a distance of said |ateral conponent of said diagonal notion is
in a range between a dianeter of said wire and a chanfer 10 di aneter of

said capillagyg. 1 t of kbRi ed'dt?n | ' ' s in
a range bet wgg'n ing%hgaoq‘%ga@hg-ﬁMP%ﬁéﬂg) 0 @'ﬁ%@ggﬁﬁ éa;ér%?/%g?\n said
chanf er gdisatRir@Y indlaigp4d capillary. 15 15. The nethod of claim 11 wherein
said second height is in a range between said first height and said first
hei ght plus twice a dianeter of said wire. 16. The nethod of claim 1l
wherein said vertical conponent of said 20 diagonal notion is in a range
bet ween sai d18i r sThaenethodpf chaimal 8lwheoein dtépe{R)ntoraprisessfarmiirg said stitohght
plus said second height mnus a dianeter of said wire. 17. A method of

f or m ngbangonsaidsmopth sudase ohshidbwimm| ectrical i nterconnection
conprising the steps of. 25 (A) formng a bunp as set forth in claim1l; (B)
formng a second ball bond at a | ocation spaced from said bunp;

10 20. The method of claim 19 wherein said location of said second ball bond
is spaced from said location of said bump in about the same direction as said first

direction.

21. A wire bonding machine comprising:
15 a capillary;
a wire delivery system for supplying wire through a bore in said capillary;
a motion control system for controlling motion of said capillary, said motion
control system including circuitry for;
(1) forming a ball bond at a first bond location using a wire bonding
20 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) moving said capillary laterally a first lateral distance in a first
direction;
25 (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, said lateral
component being generally opposite said first direction, wherein, during at

21



(C formng a wire |loop between said | ocation of said second ball bond and
a location of said bunp; and 20 (D) formng a stitch bond to term nate
said wire |loop, said stitch bond being forned on top of said bunp. 18. The
met hod of claim 17 wherein step (A) conprises formng said bunp 5 as set
forth in claim4. 19. The nethod of claim 18 wherein step (D) conprises
formng said stitch bond on said snpoth surface of said bunp. 10 20. The
met hod of c| Aast agpaglien ef saidanevarpeat sald eapiliaty pinphesraihwine batwaeni s
spaced from sai SP I ocation.é)f Sﬁi d_bugp in about the same direction as said
first direcBP9PumR and sAid capliaRy AB9nachi ne conmprising: 15 a capillary; a

wre delivery sys far. ing wire.rhrough a bore in said capillary; a
notion control sygﬁgﬁvghpa%%m¥’5'?ﬁ%s l?lfmpof said capillary, said notion
control systemincluding circuitry for; (1) formng a ball bond at a first

bond | ocation using a wire bonding 20 nmachine with wire, said wire bondi ng

maghi ne havi a Ivdri e IS | | TR ei ght such
gl e hav!og, 2 SRSAbAipginactind BceRhd 1Rl LIS che o1

movi ng - paiemeingithsiad (2) teicRigh! (BY forn & Wife foftl 6h #p f S4idbaf Homda first
direction; 25 (4) raising said capillary further by a second height; (5)
noving said capillary in a second direction, said second direction having

a downward conponent and a | ateral conponent, said | ateral
23.  The wire bonding machine of claim 22 wherein said circuitry for

performing task (5) comprises circuitry for contacting said wire fold with said capillary
10 such that said capillary smooths at least a portion of said wire fold, thereby creating

a smooth surface on said bump.

24.  The wire bonding machine of claim 23 wherein said circuitry comprises
a digital processing device.
15
25.  The wire bonding machine of claim 24 wherein said digital processing

device comprises a computer running computer software.

26.  The wire bonding machine of claim 25 further comprises:
20 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 said stitch bond

formation.

27.  The wire bonding machine of claim 23 wherein said circuitry for

25 performing task (6) comprises circuitry for;
(6.1) raising said capillary with wire paying out of said capillary;

(6.2) clamping said wire; and
(6.3) raising said capillary further to snap said wire where it was

22




conponent being generally opposite said first direction, wherein, during at
21 least a portion of said novenent, said capillary pinches said wire
between said bunp and said capillary; and (6) severing said wire from said
bunmp. 5 22. The wire bondi ng nmachine of claim21 wherein said circuitry for
perform ng tasks (2) through (5) forma wire fold on top of said ball bond.
23. The mﬁregQ% géng machi ne of claim22 wherein said circuitry for

performng t ) conprises circuitry for contacting said wire fold with
said capillary 10 such that said capillary snooths at |east a portion of
said wire fold, thereby creating a snooth surface on said bunp. 24. The

wire bondi ngagRchiTAg vite BoAYI, Siachifié of Blatifad Whéfei bal. ERARI IS 2

di gital processing device W re bondi ng ine o

wher ei npedbinidgdasia %zqrame(a? cBmpride \Gire ity FoP i @elamuﬁa i & Puréua

conmput er software. The wi re bondi ng machi ne of claim25 further

conpr i seerticAldipdctiomast one of a heat transducer and an ultrasonic
transducer adapted to apply energy during at |east one of said ball

bondi ng formation and said stitch bond formation. 27. The w re bonding
machi ne of claim23 wherein said circuitry for 25 performng task (6)
conprises ci 28ui t Themire bording maghine of slaina 28agherein saidicinsuitiyrfer payi ng out
of saldc |IIar clanping said wire; and (6.3) raising said

capi | | aP9 "?‘[‘Eé¥3|1 é)ﬁ%@%?&scpw B fnaraving saidcapilary in a purely Tateral
direction.

10
30.  The wire bonding machine of claim 23 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 lateral direction is in a direction toward said another
location.
15
31.  The wire bonding machine of claim 23 wherein said lateral component

of said diagonal motion is precisely opposite said first direction.

32. The wire bonding machine of claim 23 wherein said first height, second
20 height, first lateral distance and said downward component and a distance of said
lateral component of said diagonal motion are predetermined and are determined as

a function of a diameter of said wire and a dimension of said capillary.

33.  The wire bonding machine of claim 23 wherein said motion control
25 system further includes circuitry for;

forming a second bali bond at a location spaced from said bump;

forming a wire loop between said location of said second ball bond and a

location of said bump; and
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pi nched. 28, The w re bondi ng machine of claim23 wherein said circuitry
for performng tasks (2) and (4) conprise circuitry for noving said
capillary in a purely 5 vertical direction. 29. The w re bondi ng machi ne
of claim28 wherein said circuitry for performng task (3) conprises
circuitry for noving said capillary in a purely lateral direction. 10 30.
The wire bondi ng machi ne of claim 23 wherein said bunp will be used as a

site for a sfaring Batitchobond i@ tesminale SgifhWHErﬂ@Pmeﬁa%g&Chmnﬁdﬁin@cation and
sai d bqu{'fr@ d wherfei n.said first lateral directionis in a direction

t owar d a;?ibi%ﬁ? s3idb¥Mbn. 15 31. The wire bondi ng machi ne of clai m 23
wherein said |ateral conponent of said diagonal notion is precisely
opposite said first direction. 32. The wire bondi ng machi ne of claim23

wherein saidayfirs | : . ' ' | di ce and
sai d downwar Econgggg{ﬂg]gﬂﬁ&@ﬁ%@?Mﬁ%gkﬂgfpﬁﬁ;ad%é%h é@bm&ﬁ'ﬁ[’%gf sai d
di agona a)an rJ% ey as a function of a
di anet oG SHG R ERE OR B o SR BLETEITT S5 "The w e
bondi ng nmachi ne of claim 23 wherein said notion control 25 system further
includes circuitry for; formng a second ball bond at a | ocation spaced
fromsaid bugp;, TheWiRgbendihgenactife BEEMRR B458héreinSaitilocatiin dRdaid second
ball bond and a |ocation of said bunp; and 23 formng a stitch bond to

t er m nasecaral ballbord isospacetidromsaid Weation df baidrtgump in about the same

direction as said first direction.
10
36. 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:
15 (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 lateral distance in a first direction;

20 (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, said lateral component being
generaily opposite of said first direction, wherein, during at least a portion of said
movement, said capillary pinches said wire between said bump and said capillary;

25 and

(6) severing said wire from said bump.

37. The computer readabte product of claim 38 wherein said computer
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formed on top of said bunp. 34. The wire bondi ng machi ne of cl aim 33
wherein step (D) conprises 5 formng said stitch bond on said snooth
surface of said bunp. 35. The wire bondi ng machi ne of claim 34 wherein said
| ocation of said second ball bond is spaced fromsaid | ocation of said
bunmp in about the sane direction as said first direction. 10 36. A

conput e . { [ ' I.n I n

compri o e HisfuBGGY s detorit Bl 2Pl ML B dBao LS b et ot

i nterco ?ﬁoéd|p5bn°§ai d conputer readabl e product conprising conputer
executable 1nstructions for: 15 (1) formng a ball bond at a first bond

| ocation 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 g88id Tapidonfuter feldabiyprediusBbclain® Bl lvieteintdfd ohpuderd i 1 st

| ateral distance in a first direction; 20 (4) raising said capillary |
f urst her réadable mstrudtites fortperfobnimptask 5 peordpriges toraputermreadaisieond
direction, said second direction having a downward conponent and a | ateral
conponeinstrustivns foxtcontactingraaichwire fold with saidcapdldry suph thattsaid tapilany i r st
direction, wherein, during at |least a portion of said novenent, said

capi | | apfpogthecdldeasta potiancofisaidwire f@lﬁfaﬂ\emhw cegalinga ameaph sudage on25 and
(6) sever| said wire fromsaid bunp. 37. The conputer readabl e product of
cl ai m 382 n said conputer 24 readable instructions for performng
tasks (2) through (5) forma wire fold on top of

10 39. The computer readable product of claim 38 further comprising
computer readable instructions for:

(7) applying at least one of heat and ultrasonic energy during said computer

readable instructions for performing task (5).

15 40. The computer readable product of claim 39 wherein said computer
readable instructions for performing task (1) comprises computer readable
instructions for:

(1.1) positioning said capiltary above a location for said bump to be formed
with an end of said wire protruding from said capillary;

20 (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
location for a bump and squeeze said ball against said location; and
(1.4) applying at least one of heat and ultrasonic energy to said ball during
step (1.3).
25
41.  The computer readable product of claim 39 wherein said computer
readable instructions for performing tasks (2) and (4) comprise computer readable

instructions for moving said capillary in a purely vertical direction.

25




said ball bond. 38. The conputer readable product of claim 37 wherein said
conputer 5 readable instructions for performng task (5) conprises
conput er readable instructions for contacting said wire fold with said
capillary such that said capillary snooths at |east a portion of said wire
fold, thereby creating a snooth surface on said bunp. 10 39. The conputer

{jﬁ?i’?ﬁ'c?i bne or - TheycoRior redable Bisckichks S;eﬁﬂwr; E&e{auéﬁgggpfdtér energy
[ 5 15 4
The conbdAPs E%ﬁie‘éﬁ%%f@&%ﬂo?@n%i ek b bR ROTonRleT CORTRE: | rbadab o
 nst r ucl gt (FFhOGRG A {dtaferk I 2 GAB BRFAHTRR Zaff?la? on for

said bunp to be formed wth an end of said wire protruding fromsaid
capillary; 20 (1.2) heating said end of said wire whereby it forns a ball

of swire; (1.33 | omRgicdengintefrezdabld afonuepopeamwwﬁeqemﬂdwﬂ wiipdre to
contact said location for a bunp and squeeze said ball agai nst sai d

| ocat i onsediad a(sitetor apgtitoh bgndof hedes loopsspannliephetveenbriothsObeati®nandy to
said ball during step (1.3). 25 41. The conputer readable product of claim

39 wher said buanpl and wherein said fidstiateralditection imstepf(Q) ispiard directivn toaskd ( 2)
and (4) conprise conputer readable instructions for noving said capillary
in a pus@idyanodherloeatiofn.r ecti on. 25 42. The conputer readable product of
claim4l wherein said conputer

10 44  The computer readable product of claim 39 wherein said lateral

component of said diagonal motion is precisely in opposite said first direction.

45. The computer readable product of claim 44 wherein said first lateral
distance is in a range between a diameter of said wire and a chamfer diameter of

15 said capillary.

46. The computer readable product of claim 44 wherein a distance of said
lateral component of said diagonal motion is in a range between a diameter of said

wire and a chamfer diameter of said capillary.

20
47.  The computer readable product of claim 44 wherein said first height is
in a range between one half of a chamfer diameter of said capillary and said chamfer
diameter of said capillary.
25 48. The computer readable product of claim 44 wherein said second height

is in a range between said first height and said first height plus twice a diameter of

said wire.
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readabl e instructions for performng task (5) conprises conputer readable

I nstructions for noving said capillary in a purely lateral direction. 5 43.

The conputer readabl e product of claim 39 wherein said bunp will be used

as a site for a stitch bond of a wire | oop spanni ng bet ween anot her

| ocation and said bunp and wherein said first lateral direction in step
anot her | ocation. to 44 The conputer

Fehdabl e profdet - ShecoRsbram@bla Aroskchof s 4t WhesmRuriveBicata 4
conmut ool BRngH & ﬁ#%ﬁf?&o%ﬁ g e AR PRMSsTESaif g Heighdplhs seif ance
sai d cafr R nORLERT st RF T Bt BusSAd sl ARUN G flarie@RBl Spin°s

di stancg;f said Ilateral conponent of said diagonal notion is in a range
between a dianeter of said wre and a chanfer dianmeter of said capillary.
20547. The conputer readabl e product of claim44 wherein said first height
is in a range between one half of a chanfer dianeter of said capillary and

sai d chanf er 50di afaeeonfutericidabld ploduit oflaif® 36 Tileharagamipesing eadabl e
product of claim 44 wherein said second height is in a range between said

first heomputexrexesatablé instructiengyfur: pl us twice a dianeter of said wire. 26
49. The conputer readabl e product of claim44 wherein said vertical
conponent of (Sdpemiigasecondiball bond at & focatioarspaced fiose saiskibumpi r st hei ght
plus said secaond height and said first height plus said second height
mnus a di an&%gprrgmgsehwge lopp between said location of said second ball bond and a
10 location of said bump; and
(10) forming a stitch bond to terminate said wire loop, said stitch bond being

formed on top of said bump.

51.  The computer readable product of claim 39 further comprising
15 computer executable instructions for:
(8) forming a second ball bond at a location spaced from said bump;
(9) forming a wire loop between said location of said second ball bond and a
location of said bump; and
(10) forming a stitch bond to terminate said wire loop, said stitch bond being

20 formed on top of said bump.

952. The computer readable product of claim 51 wherein said computer
executable instructions for performing task (10} comprises forming said stitch bond
on said smooth surface of said bump.

25

53. The computer readable product of claim 52 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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5 50. The conputer readable product of claim36 further conprising
conput er executable instructions for: (8) formng a second ball bond at a

| ocation spaced fromsaid bunmp; (9) formng a wire | oop between said

| ocation of said second ball bond and a 10 |ocation of said bunp; and (10)
formng a stitch bond to termnate said wre | oop, said stitch bond being
formed on top of said bunp. 51. The conputer readable product of claim 39
further conprising 15 conputer executable instructions for: (8) formng a

Eﬁé‘;”ﬁe?z,'e'enB%Q?ﬁ%@ab?%ﬁé%ﬁﬂ@ﬁ@&?ﬂsﬁ?ﬁf%iﬁitg&?%ﬁﬁgsﬁéﬁéﬂﬁﬁé‘%ﬁ?oﬁ ““; d
: 1 . . : . . , .
s'ltjin!tochagon((j g)eqdmgfd%ﬂ{@reram%ﬁgguﬁgggo%ﬁs;%mbﬂﬁ;)? Es'agl T\kllmergongafersfleadabl e

product of chbR Fwird'firfidd Sitdd SSEW LRI boRYecut abl e instructions for
perform ng task (10) conprises E%'!)orm ng saig stitch bond on said snooth

sursf ace of said bunp. 25 53. The conputer readabl e product of claim52
wherein said |ocation of said second ball bond is laterally spaced from
sai d | ocati ob50f Fhedumprpf claimibduwhérein saiditinb iscformed with a ik bonidihg

| ateral direction. 27 54. A bunp for sem conductor el ectrical

i nt er comasbiriecand saidrhall band and baid wioe feld fare ferchaeshofawise: fioat saidamidce a f ol d of

wire formed on top of said ball bond.
bonding machine.

10 56. The bump of claim 54 wherein said wire foid comprises a smooth,

sloped top surface.

57.  The bump of claim 56 wherein said wire fold comprises a first folded
portion having a first end integral with and extending from a top of said ball bond in a
15 first direction having a lateral component, said first folded portion further comprising
a second end and a second folded portion extending from said second end of said

first folded portion in a second direction generally opposite of said first direction.

58. The bump of claim 57 wherein said second folded portion comprises a
20 first end extending from said second end of said first folded portion and a second

end at which said wire fold was severed from said wire bonding machine.

59. The bump of claim 58 wherein said first direction and said second
direction are diagonal directions, each comprising a lateral component and a vertical

25 component.

60. The bump of claim 59 wherein said smooth, sloped surface is formed in

said second folded wire portion.
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5 55. The bunp of claimb54 wherein said bunp is formed wwth a wire bonding
machi ne and said ball bond and said wire fold are forned of wire fromsaid
wire bonding machine. 10 56. The bunp of claim54 wherein said wire fold
conprises a snooth, sloped top surface. 57. The bunp of claim56 wherein
said wire fold conprises a first folded portion having a first end
integral with and extending froma top of said ball bond in a 15 first
direction having a | ateral conponent, said first folded portion further

conpri sing sec 'ﬁm'f ?g)qg [ | sai d
second end 0?1'sai gngfl rs Brgllag.g poﬁ%egrﬁéﬁﬁ%g?@ethbﬁgpgﬁf%ggg%% g‘%@?gal ly
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second f%?gea(?wpl)%ﬁ% %ﬁéocrg’n%??ggg%gﬁowﬁp%st end@g)ﬁ&?%ﬁ?ﬁgﬂ% r(t)% @éilégﬁfsaecond
end of daiing SakdSorraticke 8f saidtbump.and a second end at which said wire fold
was severed fromsaid wire bonding machi ne. 59. The bunp of cl aim 58
wharein said first direction and said second direction are diagonal
directions, each conprising a |lateral conponent and a vertical 25
conponent . 662. Th&éhgdunpbf claith Bi158hevedr sdid badlibbnens doimed by ball boodirgce i s
formed in said second folded wire portion. 28 61. The bunp of claim 60

wher ei nwihisaidswirgtan said speface wsingca capillapt ofesaid wirediending prachines &dnd wire
fold portion with a_ capilla of . the wi re_ bonding machi ne durj ai
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10 capillary laterally a first lateral distance in a first direction, (c) raising said capillary

further by a second height, (d) moving said capillary in a second direction, said

second direction having a downward component and a lateral component, said

lateral component being generally opposite of said first direction, wherein, during at
least a portion of said movement, said capillary pinches said wire between said

15 bump and said capillary, and (e) severing said wire from said bump.

63. The bump of claim 62 wherein said wire fold is formed by further
applying at least one of heat and ultrasonic energy while moving said capillary in

said second direction.

20
64. A wire loop for semiconductor electrical interconnection comprising:
the bump of claim 54;
a second ball bond formed at a location spaced from said bump;
a stitch bond formed on top of said bump; and
25 a wire loop having a first end integral with and extending from said second

ball bond and a second end integral with and extending from said stitch bond.
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said wire fold is forned by (a) raising said capillary a first hei ght above
said ball bond such that wire attached to said ball bond pays out of said

capillary, (b) noving said 10 capillary laterally a first |ateral distance

inafirst direction, (c) raising said capillary further by a second

hei ght, (d) noving said capillary in a second direction, said second

direction ha}gl‘sngt Qe| i ge% HP@.!PBV :?%n%alﬁ%gblfd %ﬁ%&ta shcth,

| at eral conponen y Oppos sal ectl on,

wher ei ”slo'BléH'tGﬁ sﬁFfab@%ﬁH s%@@ﬁtbh %nﬁfls Adb Hﬁ’!‘,ﬁi@eé?hoot'ﬁab%g%a@dria%%fp' nches
said wre between sald is bunp and said capillary, and severing said
wire fregidsirfipbunp. 63. The bunp of cIa|n162 wher ei n sald wre fold is
formed by further applying at |east one of heat and ultrasonic energy
while nmoving said capillary in said second direction. 20 64. A wre |oop
for sem conductor electrical interconnection conprising: the bunp of claim
54;5 a second ball bond forned at a | ocation spaced fromsaid bunp; a
stitch bond formed on top of said bunp; and 25 a wire |oop having a first
end integral with and extending fromsaid second ball bond and a second
end integral wth and extending fromsaid stitch bond. 29 65. The wire | oop
of claim®64 wherein said wire fold conprises a snooth, sloped top surface
and said stitch bond is made on said snooth, sloped surface of said bunp.
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