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METHOD AND APPARATUS FOR FORMING BUMPS FOR SEMICONDUCTOR
INTERCONNECTIONS USING A WIRE BONDING MACHINE

Field of the Invention

The invention pertains to semiconductor electrical interconnection techniques.
More particularly, the invention pertains to the formation of bumps for semiconductor

interconnections using a wire bonding machine.

[
[
[
[
[
[
[
[
[
[
[
[
[
[
r Background of the Invention

[ : : o

[ There are numerous techniques in common usage for forming the electrical

[

. interconnections between the bond pads of a semiconductor die and a lead frame or

E other substrate. One of the oldest and still most common techniques is to form a wire

E bond between a die and its substrate using a wire bonding machine. The wire bonding
E 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
[

[ particularly and referring specifically to Figure 1A, using a ball bonding machine 10 (of
: .

r 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
[

C
C
L
{
L
L

L



(23) JP 2004-282015 A 2004.10.7

of a capillary 14 of the wire bonding machine 10. The capillary 14 is pasitioned above
the bond pad 16 of the die 18 with the clamps 19 closed to prevent the wire from
moving relative to the capillary. The end of the wire protruding from the capillary is
heated by means of an electric spark, termed “electric flame-off’, to melt the end of the
wire. The end of the wire inherently formg into a ball 20 when melted. Figure 1A
shows the condition of the ball bonding apparatus at this point of the process..

With the clamps still closed so that the wire cannot pay out of the capillary or
slide back within the E:apillary, the capillary 14 is then moved downwardly so that thé
ball 20 comes into contact wilth the bond pad 16 on the die and squeezes the bail
between the tip of the capillary and the bond pad. Heat and/or ultrasonic energy are
applied to the die 18 to facilitate the ball 20 becoming bonded to the bond pad 16. This
bond is commonly termed a ball bond or first bond. Then the clamps 19 are opened.
Figure 1B shéws the condition of the ball bonding apparatus at this point of the
process. The capillary 14 is theﬁ raised above the first bond as shown in Figure 1C.

Next, _the capillary 14 is moved to a second bond site 22, this one on the
substrate 24, with the wire 12 (which is still connected to the ball bond) trailing out of
the capillary. The mation of the bapillary between the first bond site and the seco_nd
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
second bond site 24, the capilléry contacts the substrate 24 to pinch the wire 12

between the tip of the capillary 14'a'nd the substrate 24, as shown in Figure 1D. Again,
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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 has not been fully cut.
The capillary 14 then rises with the wire 12 still attached to the stitch bond and with the
c_lamps still open such that additional wire pays out of the capillary. The clamps 19 are
then ciosed 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 interconneciion, indicated by
reference numeral 23 in Figure 1E, is termed a "wire loop”.

At this time, the capillary is moved to a position above the next bond pad on the
die aﬁd the wire that is sticking out of the tip of the capillary after the completion of the
last ‘step is melted by electric flame-off to form the next ball for iorming the next wire
bond. .' | -.

The ball bond is typically made on a bond pad on a semiconductor die and the
stitcl'; bond is made on the subsirate, such as illustrated in Figures 1A-1E. Normally, it
is inadvisable to make the stitch bond on the bond pad of the die because, in order to
make.a' s_titch- bond, the capillad tip essentially must come in contact with the St;rface in
arlnd sqfrounding the second bond site. If the capillary contacts the to.p of a die, ilt likely
will damage circuitry on the die. On the other hand, the capillary typically can come in
contact with the substrate without é problem since the capillary typically will not harm
the substrate. |

- Nevertheless, it is sometimes desirable to make a stitch bond on .a die. One

0,3
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such situation is when, instead of connecilng a bond pad of adie to a Iead element,
one needs to interconnect a bond pad on one die to a bond pad on another die
(herelqaﬂer die-tq—die bonding). In this situalion,' both ends of the wire loop are on
bondl 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 Iow;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 from
Figure 1E. The bond pad 16 on the .top surface of the die 18 i_s at a higher elevation
than the substrate 24 because the dig 18 sits on top of the substrate. Accorcﬁngly, in
low profile packaging.situations, in order to minimize the height of thé entire package, it
is sometime desirable to make the ball bond on the lead frame and the stitch bond. on
the die (herelnafter reverse bonding) so that the hrghest point of the wire near the bail
bond is at a lower elevation than in star_ldard forward wire bonding techniques.

Accordingly, the overall height of thé package can be lessened. However, it usually
would not be possible to form a stitch bond on a bond pad on a die for the reasons
discﬁssed above, namely, the capillary might damage surrounding circu{try on tﬁe die
when it contacts the die to form the stifch bond. Even further, as shown in Fiéure 2,
which is an enlarged profile of a typ;ical wire loop éS,’the wire tends to sag to its lowest
point 26 cldse to the stitch bond site 22. 'If the stitch bond site is higher than the ball

bond site, such as would be the case in reverse bonding, the wire might cdntact,the

@p
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edge or the top surface of the die or even other wires leading to electrical shorts or
breakage of the wire. |

Accordingly, techniques Have been developed to ameliorate this problem. One
such technique is to form a bﬁmp on top of the bond pad on the die and then form the
stitch bond on top of that bump so that.the capillary tip contacts the top of the bUmp
r_ather- @haﬁ the die. The bump may be formed, for instance, using the same wire
bonding machinelthat forms the I;)op. Specifically, tﬁe wire bonding machine can be
L'Js._ed:t'o 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 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 capi!l'ary_with fhe
clan;ps ope'n after forming the ball bond, (2) closing the clamps, and (3) raising the
capillary further to snap the wire off at'the ;rveak poin{ at the top of the ball. A.reverse
b_ddfng peregs can. then be performed w:ith the first/ball bond of the loop formed on the
substrate ‘and the sécond/stitch bond.of the loop formed on top of _t-he' bump on the
bond pad. N |

As a re;sult of the ever—preser;t chjive !owarc-i making electronic components
smaller and smaller, the diamelérs of the wires used in wire bo.nding,_ thé’ siie 01; the
ball bonds and the pitch (spacing) of the bond pads on dies are étl decreas~ing.
Further, péc’ka’ges are becoming thinner and thinner: According_ly, present techniques

for reverse bonding are becoming less and less effective. Particularly, it is becoming

gy
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increasingly difficult in reverse bonding to achieve sufficient height clearance of the
wire loops to reasonably assure that the wires will not contact the top or edge of the die
or adjacent wires. Also, with smaller and smaller bumps, it is becoming iﬁcreasingly
difficult to form reliabie stitch bonds ontop of the bumps. One technique that has been
emﬁloyed to help improve the reliability of stitt;:h bond formation on the tops of bumps is
1o smooth the top of the bump during its formation. For instance, one. parlicular.
technique is to (1) form a ball bond on the pad in the normal fashion b); melting the
wire, moving tﬁe capillar)f down to press the melted ball onto the bond pad and
applying heat aﬁdlor ultrasonic energy, (2) raising the capillary slightly (-on the order of
a fraction of the thickness of the wire) so that the capillary tip is still within the ball, (3)
moving the capillary laterally or diag’dnally downward while applying, ultrasoﬁic energy
such that the capillary tip partially cuts through the gold near the top of the ball and
srhooths the top of tﬁe ball, (4) raising the capillary with the clamps opened so that the
wire (which is still attached to the top of the ball) pays out of tl?e capillary, (5) closing
the clamps, and (6) raising the capillary further to bull the wire causing the wi.re to snap
off a't the weak point c:feated at the top of the ball. Figure 3 shows _é bump 30 formed
by this process. The bump essentially comprises a ball bond 31 with a sloped,
sr_noothe‘d surfa;;e 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, smoothrsurfac.e more
amenable to reliable stjtch bonding thereon. However, with very finé wires ahd!o’r fine

pitch-applications, it is still difficult with this technique‘to assure adequate clearance

22 5
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between the wire and the die. -

A diagonal motion to smoothl the top of the ball often is preferable to a strictly
lateral motion. Particularly, while the purely lateral smoothing motion worked well for
many applications, it was found that, as ball sizes and pitches continued to decrease in
size, the force exerted by the capillary tip on the bump during the purely lateral
smoothing motion could tear the bump off of the pad. In either embodiment,' since a
portion of the top of the bump was being scraped eff,' this technique often suffered even
greater problert‘ts of inadequate étearanee.

‘Formation of bumps for eleetrical interconnection of semiconductor devices to
substrates is-used in another well known technique termed flip chip bonding. In flip
chlp technlques the semlconductor dle is ‘ﬂlpped” such that |ts “top” surface (I e., the
surface beanng the bond pads and circuitry) faces downwardly. Bumps are formed on
the substrate in posmons so as fo mate with bond pads on the die. The upside down
die is pressed down onto the substrate so that the die is suspended upsnde—dewn on
the substrate with the bond pads in electrical contact with the stud bumps on the
substrate such that the remaining circuitry on the die does not contact the substrate.
Various techrtiques tof forming the stud t)umps on the substrate are well known,
includtng formirtg such bumps with a \trire bonding machine essentialt;t- in the way
described above for forming bumps for reverse wire bonding. In ﬂib chip interconnect
techniques, there is a _n_'tinimum bump height necessary to assure adequate clearance

between the surface of the substrate and the surface of the die to avpid_ electrical

a3 /
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shorting. As wire diameters and pitches of the bond pads continue to decrease, it is
becoming more and more difficu!lt‘ to forml bumps of sufficient height and Unfformity with
a wire bonding machine. | |

Accordingly, it is an objeél of the' present invention to provide an improved
method and appératus for forming Eumps for semiconductor electrical interconnection
applicat.ions.

It is ancther object of the present invention to provide an improved bump for
semiconductof electrical interconnection applications_.

_ Itis a further object of the present inverition to provide an improved method and
épparatus_ for forming bumps for semiconductor electrical interconnection applications
using a wire bonding machine. |

. tisayeta fﬁrther object of the present invention to provide an improved rpethod

and apparatus for performing reverse bonding using a wire bohding machine,

Summary of the Invention

in accordance with the present invention, a bump for semiconductor electrical
interconne;tion applications, such as reverse wire boﬁdiné or stud bumping for flip chip
interconnections, is formed by (1) ball bonding at the bump s'ite, (2) raising the
capillary a predetermined height after forming_ the ball bond with the wire paying out of
the capillary tip, (3) moving the capillary laterally a predetermined disfance, (4) further

raising the capillary, and (5) moving the capillary diagonally downwardly in the opposite

zp 3
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[ lateral direction of the first lateral motion. The wire is then severed by raising the

E capillary, closing the clamps and raising the capillary again to snap the wire pigtai.l off
E at the buntp.

E Preferably the capillary is positioned for the final diagonal motion so that the tip
E of the capillary contacts and smeoths a portion of the top of the bump. This technique
E can form a taller and larger bump to provide increaeed clearance for both flip chip

E applications and reverse wire bopding applications. For reverse wire bonding

E application, the first lateral motion preferebly is in a direction toward the ette of the |

E other end of the wire loop (i.e., where the first/ball bond of the completed loop W|Il be

E formed) so that the sloped, smooth surface on top of the bump where the stitch bond

E will be formed slopes upwardly toward the direction of the wire loop. This arrangement
[ prowdes a sloped surface that minimizes wire sag riear the stitch bond by causmg the

E wire to have more of an upward angle at the stitch bond.

E - The best values for the first and second caplllary rise helghts the lateral motion
[

¢ distance, and the distance and angle of the dnagonal motion depend largely on the wire
E diameter and the dimensions of the capallary, whuch collectively, largely define the size
of the ball bond that forms part of the bump They also will depend on the pamculer
[purpose of the bum_p. For instance, |f the bump is to be the second bond site for a wire
Eloop, the deeitred_ height of the sloped, smeot_h surface will generally be tess than the

[de'sired height when the bump is used as a etud_ bump for flip chip interconnection.

[Generauy, the lateral and diagonal motions will be larger if a larger or taller bump is

L T e T e T e T e T e T e B e |
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needed since jncreasing these dist'ances will increase the amount of wire that pays out
of the capillary duriﬁg formation-of the fold on top of the bumb_. Also, if increasing
height is more im’porta;nt than broviding a particular surface of stitch bonding, the two
rise height parameters aﬁd the lateral and-diagonal motion parameters méy be
adjusted to provide a steeper fold ori top of the bump.

In a reverse wire looping application, once the bump is formed as described
abové, the same or a different wire bon-ding machine cén then form another -ball bond
at a second location and complete the wire loop by forming a stitch bond on top o! the

bump.

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 wiré loop in accordance with the prior art.

Figuré 3 is a profile of a bump formed by a wire bonding machine in accordance
with one particular prior art technique.

.Figurés 4A through 4F ‘a;'e diagrams illustrating the position of the capillary and
wire at variéus'stages of the bump formation technique in accordance with one
embodiment of the present invention.. |

Figure 5: is a profile of a bump‘for;ned by a wire bonding méchine in accordance

with an embodiment of the present invention.

@/O
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Figures 6A and 68 are séannihg'electron rﬁicrographs (SEMs) of bumps formed
in accordance with one embodiment of the present invention.

Figures 7/; through 7D are SEMs of bumps formed in accordance with another
embodiment of the present invention.

FiQuré Bis a profile of a revérse _boﬁded wire loop bump formed by a wire
bonding maéhin_e in accordance with an embodiment of the present invention.

Figure 9 ‘is a scanning electron micrograph of a bump formed in accordance with
the p-rior art. |

‘Figure 10 is a scanning electron micrograpﬁ of a bump formed in accor'dance
with the present invention. |

Figure 11A is a scanning electron micrograph of the stitch bond en_ds of a
plurality of wire bonds formed betw-een a die and a substrate in acco;dance with the
prior grt taken from‘ a first perspective.

Figure 11-B is a scanning electron microgréph of the stitch bond. ends of a
pluralf_ty of wire bonds formed bet_we_en a die and a substrate in accordance with the
present invention taken from a first 'perépective.

o Figure 12Ais a scanning electron micrograph of the stitch bondA ends of a
plurality of wire bonds formed betweén a-die and a substrate in acco}da.nce with the
prior art as §eeﬁ from a different pérs‘peqtive thén seen in Figure 8A.

Figure 12B is a scanning elect'ron mic':n‘)graph of the stitch bond ends of a

plurality of wire bonds formed between a die and a substrate in accordance with the

ey 7/
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present invention as seen from a different perspective than seen in Figure 8B.

Detailed Description of the Present Invention

Figures 4A through 4F,gene}'rall)-( illﬁstrate the position of the capillary tip and the
wire at six different stages of an exemplary bump formation process in accordance with
the present invention. As shown, the beginﬁing of the bump fo-rmation 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. The wire is hit with an-
electric spark to causé it to melt énd inherently form into a béll 42. The capinary then
drops down to contact the bond site 43 an;i squeeze the ball égainst the surface of the
bond site and form the initial shape of the bump as diclated by the shabe of the
capillary lip. Héat and/or ultrasonic enefgy is applied to form the bond between the ball
énd the surface. Figure 4A shows the ﬁrocess at this point.

Next, the capillary 41 rises with the clamps (not shown) open in order to pay out
a short disténce of wire extendin§ from the top of the bonded ball 42. The distance of
this rise is,he'rein termed the separation height. Figure 4B shows the capillary pogition
after this step. The capiliary 41 then moves laterally in a first direction (to the right in
Figures 4A through 4F) to kink the wire as shown in Figure 4C, thus forming two bends
40a and 40b in the wire, The distance of this lateral motion is herein termed the fold
offset. The éapillafy then moves upward again a short distance to pay out additional

wire. Generally, although not necessarily, the distance of this second vertical rise will
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Ee at least the .distance of the ﬁret vertical rise plus an exira 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 facter. In any special circumstances where the second vertical rise is
to be Iese than the separation height, the fold factor is simply a negafive 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 cap‘illary and wire at this point in the
pr'ocese-. The capillary then moves diagonally downward and: back to the left to fold
the wire back on top of itself on top of __t_he bump.. .Particu!arly, u_sing standard vector
analysis, the diagonal motion can be considered to comprise two erthogenal _
components,' namely a vertical c()mponerﬁ and a lateral (that is, horizontal) eompqnent.
The vertical component is a downwérd component ending at what is herein termed the
bump height. Accordingly, the .d'istance of the vertical component of the diagopal
motion is the'separation height reinus the bump height. The lateral com-poner;t of the
diaéohal motion is herein termed the feld return offset and is generally in the opposite
direclion of the first lateral direction, i.e., the fold offset. This causes the wire to fold
over on itself. Preferably, the distances of the various motions, i.e., separation height,
fold offset, fold return offset and bumﬁ height, are e"elected so that the capillary tép is
within the wire over at least a portion of the diagoﬁal motion such that the eapillary tip
scrapes off part.of the wire that bends around the tip of the capillary, thus creating e

smoothed, sloped surface on top of the bump. Figure 4E show the capillary tie at the
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end of the diagonal motion.

Next, the capillary 41 rise's with the clamps open in order to pay out a short
distance of wire. The clamps are then closed and the capillary 41 rises again to snap
the wire at the end of the émoothed portion of the bump. Fiéure 4F shows the position
of the capijiafy 41 and bump 4'2_ at this point, whicﬁ essentially is the end of the bump
formation process. .

The wire bonding machine is controlled by control circuitry that can cause the
maéhihe to perform the process described herein. Commonly the circuitl;y comprises a
digital processing device such as a programmed general purpose computer, a digital
signal processor, a state macﬁine, a cqmbingfional logic circuit, a micrOproceésof, an
application specific integrated circuit or any 6ther known digital processing means. If

the circi:jitry comprises a computer, the invention would reside largely, if not

machine to perform the processes described herein.

Referring now to Figure 5, which is an elevation vfew of ‘an exemplary bump 50
formed in accordance with the prese;wt invention as described above in connection with
Figures 4A through 4F, the bump corﬁprises a bottom portion 51 genérally forme_d
during the initially steps of forming a ball bond as illustrated in Figure 4A. On'top of the
bottom portion of tﬁe bump 51 is‘_a fold of wire 52. The fold of wire 52 génerally
comprises a first folded ‘portion 56 héving a first end 56a extending from and integral
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folded portion 57 having a first end 57a that is essentially collocated with the second
end 56b of the first folded portion and a secood end 57b. Smoothed, sloped portion 53
on lhe fold was formed in the second folded portion 57 of the bump by the above-
described scraping by the capillary tip during the aforementioned diagonal motion
itlustrated by Figures 4D and 4E Nub 54 essentially is left where the wire was severed
and eseentially is at the second end 57a of the second foided portion. Lightly shaded

portlon 55 represents the volume of wlre material that was scraped by the cap:llary tip

to form the smoothed sloped surface 53.

) in an alternative embodiment of the invention, the diagonal motion can be split
into two sequential motions co'mprislng a lateral motion followed by a downward motion.
This two step process still provides a smoolh_ed, sloped surface since the outside edge
of the capilla'ry is sloped and, if it contacts the wire, it will form a smooth diagon.al
sor‘face as generally shown in Figure' 5. | |

‘. The particular values for separation height, bump height, 'fo-ld factor. fold offset,
and fold return offset to form an aocropriate_,btrmp'depend largely on the climens'ion's of
the capillary lip‘, capillary hole 'diarneter and capillary chamfer cliameler and the wire
diameter. In general the larger the wire diameter, the larger the foid 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

specrl“ c appllcallon For mslance |f the bump is to be used for flip Chlp

mlerconnectaons, the exact shape and herght of the smoothed, sloped portion may not
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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 as the site of the second
bond in reverse wire bonding, fhen the shape and/or height of the smoothed, sloped
surface tends to be more important than the ultimate height of the bump.

Generally, taller overall buhps, which may be more desirable for flip chip
applications, can be formed by ir;creasing one or both of (1) the slope of the wire fold
on top of the buhp and (2) the amount of wire that forms tﬁe fold. The slope of the |
sloped, smoothed surface generally can be increased by reducing the fold offset- and
increasing the fold return offset relative to the separation height. Further, the amount
of wire in the fold is generally increased by incréasing the separation height and fold
factor. Figures 6A and 6B are scanning electron micrographs (SEMs) of bumps formed
in accordanc;e with the present invention designed with overall increésed bump height

as a significant concern. These bumps were made using the_' following exemplary -

parameters.
Paramet-er _ 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
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Fold return offset -2 mils

Fold factor _ 1 mils

On the other hand, if it is more important to achieve a lesser slope and a greater
area for' the sloped, smoothed surface for étitch bonding, the slope of the sloped,
smoothed surface generally can be decreésed- and the area thereof increased by
increasing the fold offset and decreasing the fold return offset distances relativé to the _
séparation height. Figures 7A through 7D are SEMs of bumps formed in accordance
with the-present invention thét were designed with'the provision of a large smooth and
stab!é surface for stitch bonding as a signiﬁcént conce\rn. These bumps were made

Ljsing the following exemplary parameters.

Péfametér Value
Wire diameter 1.18 mils
Capillé’ry chamfer diameter 2.3 mils
Caﬁillary iib 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 | (Figure (Figure 7C} [ (Figure 7D)
7A) | 7B)
Fold factor 0.75 mils
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The table below shbws minimum, maximum and exemplary values for the wire
“bonding machine control parameters (i.e., separaticn height, bump height, fold offset,
fold return offset, and fold facfor) as functions of the capillary and wire dimensions, i.e.,
wire diameter (WD), capillary tip diameter (TIP), capillary chamfer diameter (CD), and
capillary hole diémeter (HD). The minimum and maximum values define ranges that
have-been shown to pl;ovide appropriate results in achieving the different bump shapes
hecgssary for rever_s.el bonding and fiip chip bumpi.'ng. Values outside of these rangas
may ver.y- well also produce acceptable results and these ranges are merely exemplary.
Further, the column labeled “Exemplary” represent recommended starling points for |

experimental determination of the best values, which, as noted above, preferably

should be determined empirically and depend on the particular application.

Parameter Minimum ' Maximum Exemplary
Bump height . |0.0 WD 0.5WD
Separation height | CD/2 . lcp HD
Alternate - wD ' 2WD - HD
separation height .

F{.;»Id offset WD CD HD

Fold return offset - | WD ' CD {TiP-CD)/2
fold factor . 0.0 - faewp 0.5WD

~ In general, the higher the desired bump for aﬁy 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

@/%-
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platform for a stitch bond of a wire loop, values between the “Minimum” and
*Exemplary” values in the table abov'e are likely to be more appropriate. If, on the other
hand, increased bump height is more important, as would typicallf be the case for flip
éhib bonding, then parameter values between the “Exemplary” and *Maximum” vélues
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
‘w%mm%Mwmmmmdﬂw@ﬂMWwﬁMWmmemmaMmJMMh
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 bumb '

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 supporied
on a substrate, such as a lead frame 65, on which the first/ball bond 66 of the wire Ioop-
67 is made. As can be seen in Figure 8, the wire loop 67 extends away from the bump
and stitch _bﬁnd 61, 62 in the uphill direction of thé sloped, smoothed surfa_de (to the
right in Fi |gure 8) Thus, the wire extends away from the stitch bond at an upward angie
that helps keep the wire from sagglng near the shtch bond. In operatlon the bump 61
is placed_ on the bond pad €3 in the manner described hereinabove in connection with
Figur‘es 4A through 4F. Next, the capiilary of the same or a different wiré bonder
moves to tha srte on the substrate 65 for the furst/ball bond of the wire loop and forms a
ball bond 66. The capillary then moves to a posmon over the prev;ously formed bump

61, which will be the location for the second/stitch bond of the wire lo'op. The motion of

@ 7
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the capillary between the first bond site and the second bond site can include any
motion components deemed necessary to properly shape the wire iéop 67. The
second/stitch bond 82 is then made on top of the sloped, smooth portion 68 of the
bump 61. Particularly, the capillary moves down and contacts the sloped, smooth
surface, thus pinching the wire. between the capillary tip and the sloped, smooth
surface. Heat and/or ultrasonic energy may be applied to facilitate bonding. The
capillary then rises with the clamps open to pay éut a short distance of wire. The
clamps close and the capillary rises again snapping the wire at the weékenéd stitch
bond. The resulting wire loop 67 is shown' in F igure 8.

Figuré 8 is a scanning electron micrograph (SEM} of a plurallity of bumps made
on bond péds of a semiconductor d_ie 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 buhps'made on bond pads of a
semiconductor die in accordance with lhé present invention. As can be seen the
bumﬁs have more gold, a greater height and a larger and more steeply sloped, smooth
surface for accepting a stitch bond..

Figure 11Ais a SEM showing a portién o.f a plurality of wire loops near the stitch
bonds made on top of a bump madé on bond pads of a semiconductor dié in
accordance with the prior art technique described above in the background section of
this specification. Figure 11Bis a SEM showi‘ng the prior art bonds f_rom Figure 11A

from a different, lower perspective. As can be seen in both Figures 11A and 11B, the
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wire loop sags substénlia!ly and almost contacts the edge of the die.

Figure 12A is a SEM shoWing a portion of a plurality of wire loops ﬁear the stitch
bonds made on top of a bump made on bond pads of a semiconductor die in
accordance with the present invention. Figure 12B is a SEM-showing the bonds from _
Figure 12A from a different, lower perspecﬁve. As can be seen, the wire loops sag
substantially less thén in the prior art technique iliustrated by Fiéures 11A and 11B and
clear the top surface and edge of the die by a substantial distance.

We have disclosed new methods and apparatus for creating bumps for
semiconductor interconnection applications, i_such as reverse wire bonding and flip chip.
Further, we have disciosed a methoc.:l and apparatus for wire loop bonding, particutarly,
feverse‘ wire loop bonding. Some of the advantages of the present invention include
the formation of a larger and./or taller bump that helps improve substrate cleérance in
ﬁip chip int_t;.'rconnect appiicatioﬁs and helpsvimpro-ve wire loop clearance and minimize
wire éag in reverse wire loop boﬁding applications. Bumps formed in accordance with
the breéent invention provide a larger, more uniform and more stable, smooth surface
on which a stitch bond may be formed in a re\}erse wire looping application. Among
other things, this helps improve loop stabi'lity (including, loop shape consist.ency and

loop height cbnsistency). |
| Having thus aescribed a few particular embbdiments of the invention, various
alterations, modiﬁcations, and i,mproven"'_lents will readily occur to those skilled in the -

art. Such alterations, modifications and improveménts as are made obvious by this

ET hant
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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. The invention is

limited only as defined in the fdllowing claims and equivaients thereto.
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CLAIMS .

We claim:

1. A method for forming a bump for semiconductor electrical interconnection
using a wire bonding machine, said method comprising the steps of:
| (1) forming a ball bond ‘at a first bqnd location using a wire bonding machine with
wire, said wire b-onding machine héving a capiflary; .

(2) raising said capillary a first height such that wire attached 1o said ball bond
pays out of said cai:illary;

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

(4) raising said capillary further by a second height;

(5) moving said capillary in a second direction, said second direction havingé
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 bum;-) and said capillary; and

(6) severing said wire from said bunip.
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[ 2. The method of claim 1 wherein steps (2) through (5) form a wire fold on
[

top of said ball bond.

3. The method of claim 2 wherein step (5) comprises contacting said wire
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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.

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 a 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 ball of wire;

(1.3) lowering said capillary so as tﬁ cause said ball of wire to contact said

location for a bump and squeeze said ball against said location; and

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

(6.3) raising said capillary further to snap said wire where it was pinched.
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capiilary in a purely vertical direction.

8. The method of claim 7 wherein said first direction is a purely lateral
direction,
9. 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.
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[ 11.  The method of claim 4 wherein said first height, second height, first lateral
[

[ distance and downward component and said lateral component of said diagonal mation
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r are predetermined and are determined as a function of a diameter of said wire and at

[
- least one dimension of said capillary.
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: 12.  The method of claim 11 wherein said first lateral distance is in a range

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

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

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.  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 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 theA steps of:

(A) forming a bump as set forth in cl.aim 1;

(B) forming a second bail bord 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 |

(D) forming a stitch bond to terminate said wire loop, said stitch bond being

L W |
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formed on top of said bump.

18.  The method of claim 17 wherein step (A) comprises forming said bump as

set forth in claim 4.

19.  The method of claim 18 wherein step (D) comprises forming said stitch

bond on said smooth surface of said bump.

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.

a capiilary;
a wire delivery system for supblying 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) formiﬁg a ball bond at a first bond location 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
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{3) moving said capillary laterally a first lateral distance in a first direction;
(4) raising said capillary further by a second height;

-(5) moving said capillary in a second direction, said second direction
having a downward component ana a lateral component, said lateral component
being generally opposite éaid first direction, wherein, during at least a portion of
said movement, said capillary pinches said wire between said bump and said
capillary; and

" (6) severing said wire from said bump.

22. The wire bonding machine of claim 21 wherein said circuitry for

performing tasks (2) through (5) form a wire fold on {op of said ball bond.

23.  The wire bonding machine of claim 22 wherein said circuitry for
performing task (5) comprises circuitry for cbntacting 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.
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[ 24.  The wire bonding machine of claim 23 wherein said circuitry comprises a
: , ‘

(digital processing device.

25.  The wire bonding machine oi; claim 24 wherein said digital processing
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device comprises a computer running compulter software.

26.  The wire bonding machine of claim 25 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 said stitch bond

formation.

27.  The wire bonding machine of claim 23 wherein said, circuitry for
performing task (6) comprises circuitry for:
(6.1) raising said capillary with wire paying oul of said capillary;
(6.2) clamping said wi_ré; and

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

28.  The wire bonding machine of claim 23 wherein said circuitry for
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E vertical direction.
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29.  The wire bonding machine of claim 28 wherein said circuitry for
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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 betweén another location and said bump

and wherein said first lateral direction is in a direction toward said another location.

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
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 system

further includes circuitry for:

forming a second béll 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

forming a stitch bond to terminate said wire loop, said stitch bond being formed

on top of said bump.

34.  The wire bonding machine of claim 33 wherein step (D) comprises
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forming said stitch bond on said smooth surface of said bump.

35.  The wire bonding rnaching of claim 34 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.

36. A cor%nputer readabie product for controlling a wire bonding machine
cOmprisiﬁg a capillary for forming bumps for semiconductor eléctrical interconnection,
said computer readable product comprising computer executab_le instructions for:

(1) forming a ball bond at a fi.rst bond location using sa_aid 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 i.n a first direction,
(4) raising said capillary further by a second height;
(5) moving said capillary in a second direction, said second d-irection 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 bump and said capillary; and

L T e T e T e T e T e T e T e T e B e B

[

(6) severing said wire from said bump.
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37. The computer readable product of claim 36 wherein said computer’

readable instructions for performing tasks (2) through (5) form a wire fold on top of said

ball bond.

38. The computer readable product of claim 37 wherein said computer
readable instructions for performing task (5) comprises computer readable instructions
for 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.

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).

40.-  The computer readable product of claim 38 wherein said corﬁputer
readable instructions for performing task (1) comprises c'ompu_ter readable instructions
for: | |

(1.1) positioning said capiilary above a location for said bump to be formed with
an er"xd 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 1o cause said ball of wire to contact said

10
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location for a bump and squeeze séid ball against said location; and

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

(1.3).

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,

42.  The computer readable praduct of claim 41 wherein said computer

readable instructions for performing task (5) comprises computer readable instructions

for moving said capillary in a purely lateral direction.

43. - The computer readable product of claim 39 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 in step (2) is in a direction toward said

another location.

L e T e T e T
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44  The computer readable product of claim 39 wherein said lateral

'component of said diagonal motion is precisely in opposite said first direction.
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[ 45.  The computer readable product of claim 44 wherein said first lateral
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distance is in a range between a diameter of said wire and a chamfer diameter of 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.

47.  The computer readable product of claim 44 wherein said first height is in
arange between one half of a chamfer diameter of said capillary and said chamfer

diameter of said capillary.

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..

49.  The computer readable product of claim 44 wherein said vertical

cor_nponeni of said 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.

50.  The computer readable product of claim 36 further comprising computer

12
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executable instructions for:
(8) forming a second bali bond at é location spaced from said bump;
(9) forming a wire loop between said location of said second ball bond and a
tocation 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 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

localion of said bump: and

(10) forming a stitch bond to terminaté said wire loop, said stitch bond being

formed on top of said bump.

52,  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.

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

13
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direction as said first lateral direction.

54. A bump for semiconductor electrical interconnection comprising:
a ball bond formed on a surface; and

a foid of wire formed on top of said ball bond.

55.  The bump of claim 54 wherein said bump is formed with a wire bonding
machine and said ball bond and said wire fold are formed of wire from said wire

bonding machine.

56.  The bump of claim 54 wherein said wire fold comprises a smooth, sloped

top surface.

57. Thel bump of cléim 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

first dire'cﬁon 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 pqﬁion in a second direction generally opposite of said first direction.

58.  The bump of claim 57 wherein said second folded portion comprises a

first end extending from said second end of said first folded portion and a second end

14
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at which said wire fold was severed from said wire bonding machine.

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

component.

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

said second folded wire portion.

61.  The bump of claim 60 wherein said smooth, sloped surface is formed by
scraping the second wire fold portion with a capillary of the wire bonding machine

during said formation of said bump.

62. The. bump of claim 61 wherein said ball bond is formed by ball bonding
with said wire on said surface using a capillary of said wire bonding machine, and said
wire fold is formed by (a) raising said capillary a first height above said ball bond - such
that wire attached to said ball bond pays out of said capillary, (b) moving said capiilary
laterally a first lateral distance in a first diréction, (c) raising said capillary further by a
second height, (d) mbving said capillary in a second direction, said second direction
having a downwa-rd component and a lateral corn:ponent, said lateral component being

geherally opposite of said first direction, wherein, during at least a portion of said

15
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movement, said capillary pinches said wire between said bump and said capillary, and

(e) severing said wire from said bump.

63.  The bump of claim 62 wherein said wire foid is formed by further applying

at least one of heat and ultrasonic energy while moving said capillary in said second

direction.

84. 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
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.

865. The wire loop of claim 64 wherein said wire fold comprises a smooth,

sloped top surface and said stitch bond is made on said smooth, sloped surface of said
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Abstract of the Disclostire

o

The préseﬁt invention is a method and apparatus for forming a bump for
s'em'iconductor interconnect applications, such as reverse wire bonding or stud
bumping for flip chip interconnections. The bump is formed by (1) ball bonding at the
bump site, (2) raisir_lg the capillary a bredetermined height after forming the ball bond
with the wire paying out of the capillary tip, (3) moving the capillary laterally a
predetermined distarice, p-referably in a direction toward the site of other end of the
wire loop, if the bump is to be used as the platform for a stitch bond of a wire loop, (4)
raising the capillary further, and (5) moving the capillary diagonally downwardly and iﬁ
the opposite 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.
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