
METHOD AND APPARATUS FOR FORMING BUMPS FOR SEMICONDUCTOR  INTERCONNECTIONS
USING A WIRE BONDING MACHINE 5 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. 10 Background
of the Invention 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  other substrate. One of the oldest and still most
common techniques is to form a  wire bond between a die and its substrate
using a wire bonding machine. The wire 15 bonding machine forms a wire
through the air between the die bond pad and the  appropriate electrical
connection point on the substrate (e.g., a lead finger of a lead  frame). A
typical wire bond is made by "ball bonding" one end of a gold wire to a
bond  pad on the die and "stitch bonding" the other end of the wire to the
lead frame. More  20 particularly and referring specifically to Figure 1A,
using a ball bonding machine 10 (of which the Figures only show the
capillary and the wire protruding from the  capillary bore hole), a wire 12
(commonly, but not necessarily gold) is passed  through the bore of a
capillary 14 of the wire bonding machine 10. The capillary 14  is
positioned above the bond pad 16 of the die 18 with the clamps 19 closed to
25 prevent the wire from moving relative to the capillary. The end of the
wire protruding  from the capillary is heated by means of an electric
spark, termed "electric flame-off',  to melt the end of the wire. The end
of the wire inherently forms into a ball 20 when  melted. Figure 1A shows
the condition of the ball bonding apparatus at this point of  the process. 



1 With the clamps still closed so that the wire cannot pay out of the
capillary or  slide back within the capillary, the capillary 14 is then
moved downwardly so that the  ball 20 comes into contact with the bond pad
16 on the die and squeezes the ball  between the tip of the capillary and
the bond pad. Heat and/or ultrasonic energy are 5 applied to the die 18 to
facilitate the 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 1 B shows the condition of the ball bonding apparatus at this point
of  the process. The capillary 14 is then raised above the first bond as
shown in Figure 1C.  10 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 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
is 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 1 D.  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 additional wire pays out of
the capillary. The clamps 19 are then closed and the capillary 14 rises
further to  snap the wire at the weakened point at the stitch bond as shown
in Figure 1 E. The  completed interconnection, indicated by reference
numeral 23 in Figure 1 E, 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 2 of the last step is melted by electric flame-off to
form the next ball for forming the  next wire bond. The ball bond is
typically made on a bond pad on a semiconductor die and the  stitch bond is
made on the substrate, such as illustrated in Figures 1A-1 E. Normally,  5
it is inadvisable to make the stitch bond on the bond pad of the die
because, in order  to make a stitch bond, the capillary tip essentially
must come in contact with the surface in and surrounding the second bond
site. If the capillary contacts the top of  a die, it likely will damage
circuitry on the die. On the other hand, the capillary  typically can come
in contact with the substrate without a problem since the capillary  30
typically will not harm the substrate. Nevertheless, it is sometimes
desirable to make a stitch bond on a die. One  such situation is when,
instead of connecting a bond pad of a die to a lead element,  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 1 E. The bond pad 16 on the top surface of the die 18 is at a
higher elevation than the substrate 24 because the die 18 sits on top of
the substrate.  Accordingly, in low profile packaging situations, in order
to minimize the height of the  entire package, it is sometime desirable to
make the ball bond on the lead frame and  



the stitch bond on the die (hereinafter reverse bonding) so that the
highest point of 25 the wire near the ball bond is at a lower elevation
than in standard forward wire  bonding techniques. Accordingly, the overall
height of the package can be lessened.  However, it usually would not be
possible to form a stitch bond on a bond pad on a 3 die for the reasons
discussed above, namely, the capillary might damage  surrounding circuitry
on the die when it contacts the die to form the stitch bond.  Even further,
as shown in Figure 2, which is an enlarged profile of a typical wire loop
23, the wire tends to sag to its lowest point 26 close to the stitch bond
site 22. If the 5 stitch bond site is higher than the ball bond site, such
as would be the case in  reverse bonding, the wire might contact the 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 bump on top of
the bond pad on the die and then  to form the stitch bond on top of that
bump so that the capillary tip contacts the top of the bump rather than the
die. The bump may be formed, for instance, using the  same wire bonding
machine that forms the loop. Specifically, the wire bonding  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  ball bonds and the pitch (spacing) of the bond pads on dies
are all decreasing. 25 Further, packages are becoming thinner and thinner.
Accordingly, present  techniques for reverse bonding are becoming less and
less effective. Particularly, it  is becoming increasingly difficult in
reverse bonding to achieve sufficient height 4 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 increasingly difficult to form reliable stitch bonds on top of the
bumps.  One technique that has been employed to help improve the
reliability of stitch bond 5 formation on the tops of bumps is to smooth
the top of the bump during its formation.  For instance, one particular
technique is to (1) form a ball bond on the pad in the  normal fashion by
melting the wire, moving the capillary down to press the melted  ball onto
the bond pad and applying heat and/or ultrasonic energy, (2) raising the
capillary slightly (on the order of a fraction of the thickness of the
wire) so that the 10 capillary tip is still within the ball, (3) moving the
capillary laterally or diagonally  downward while applying ultrasonic
energy such that the capillary tip partially cuts  through the gold near
the top of the ball and smooths the top of the 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 the capillary, (5) closing the clamps,
and (6) raising the is 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 5 portion of the top of the bump was
being scraped off, this technique often suffered  even greater problems of
inadequate clearance. Formation of bumps for electrical interconnection of
semiconductor devices to  substrates is used in another well known
technique termed flip chip bonding. In flip 5 chip techniques, the
semiconductor die is "flipped" such that its "top" surface (i.e., the
surface bearing the bond pads and circuitry) faces downwardly. Bumps are
formed  on the substrate in positions so as to mate with bond pads on the
die. The upside  down die is pressed down onto the substrate so that the
die is suspended upside- down on the substrate with the bond pads in
electrical contact with the stud bumps 10 on the substrate such that the
remaining circuitry on the die does not contact the  substrate. Various
techniques for forming the stud bumps on the substrate are well  known,
including forming such bumps with a wire bonding machine essentially in the
way described above for forming bumps for reverse wire bonding. In flip
chip interconnect techniques, there is a minimum bump height necessary to
assure 15 adequate clearance between the surface of the substrate and the
surface of the die  to avoid electrical shorting. As wire diameters and
pitches of the bond pads continue  to decrease, it is becoming more and
more difficult to form bumps of sufficient height  



and uniformity with a wire bonding machine. Accordingly, it is an object of
the present invention to provide an improved  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 6 method and apparatus for
performing reverse bonding using a wire bonding  machine. Summary of the
Invention 5 In accordance with the present invention, a bump for
semiconductor electrical  interconnection applications, such as reverse
wire bonding or stud bumping for flip  chip interconnections, is formed by
(1) ball bonding at the bump site, (2) raising the  capillary a
predetermined height after forming the ball bond with the wire paying out
of the capillary tip, (3) moving the capillary laterally a predetermined
distance, (4) 10 further raising the capillary, and (5) moving the
capillary diagonally 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 capillary, which, collectively, largely  define the size of the ball
bond that forms part of the bump. They also will depend 7 on the particular
purpose of the bump. For instance, if the bump is to be the second  bond
site for a wire loop, the desired height of the sloped, smooth surface will
generally be less than the desired height when the bump is used as a stud
bump for  flip chip interconnection. Generally, the lateral and diagonal
motions will be larger if 5 a larger or taller bump is needed since
increasing these distances will increase the  amount of wire that pays out
of the capillary during formation of the fold on top of the  bump. Also, if
increasing height is more important than providing a particular surface  of
stitch bonding, the two rise height parameters and the lateral and diagonal
motion  parameters may be adjusted to provide a steeper fold on top of the
bump. 10 In a reverse wire looping application, once the bump is formed as
described  above, the same or a different wire bonding machine can then
form another ball  bond at a second location and complete the wire loop by
forming a stitch bond on top  of the bump. is Brief Description of the
Drawings 



Figures 1A through 1 E 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. 8 Figures 7A through 7D are SEMs of
bumps formed in accordance with  another embodiment of the present
invention. Figure 8 is a profile of a reverse bonded wire loop bump formed
by a wire  bonding machine in accordance with an embodiment of the present
invention. 5 Figure 9 is a scanning electron micrograph of a bump formed in
accordance  with the prior art. Figure 10 is a scanning electron micrograph
of a bump formed in accordance  with the present invention. Figure 11A is a
scanning electron micrograph of the stitch bond ends of a 10 plurality of
wire bonds formed between a die and a substrate in accordance with the
prior art taken from a first perspective. Figure 11 B 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. 9 The wire is hit with an electric spark
to cause it to melt and inherently form into a ball  42. The capillary then
drops down to contact the bond site 43 and squeeze the ball  against the
surface of the bond site and form the initial shape of the bump as dictated
by the shape of the capillary tip. Heat and/or ultrasonic energy is applied
to  5 form the bond between the ball and the surface. Figure 4A shows the
process at  this point. Next, the capillary 41 rises with the clamps (not
shown) open in order to pay  out a short distance of wire extending from
the top of the bonded ball 42. The  distance of this rise is herein termed
the separation height. Figure 4B shows the 10 capillary position after this
step. The capillary 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 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 will be at least
the distance of the first vertical  rise plus an extra distance herein
termed the fold factor. Accordingly, the distance of  this second vertical
rise will generally be referred to in this specification as the sum  of the
separation height (i.e., the first vertical rise) and the fold factor. In
any special  circumstances where the second vertical rise is to be less
than the separation height, 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 Accordingly, the
distance of the vertical component of the diagonal motion is the
separation height minus the bump height. The lateral component of the
diagonal  motion is herein termed the fold return offset and is generally
in the opposite  direction of the first lateral direction, i.e., the fold
offset. This causes the wire to fold 5 over on itself. Preferably, the
distances of the various motions, i.e., separation  height, fold offset,
fold return offset and bump height, are selected so that the  capillary tip
is within the wire over at least a portion of the diagonal motion such that
the capillary tip scrapes off part of the wire that bends around the tip of
the capillary,  thus creating a smoothed, sloped surface on top of the
bump. Figure 4E show the 10 capillary tip at the end of the diagonal
motion. 



Next, the capillary 41 rises 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 smoothed portion of the
bump. Figure 4F shows the  position of the capillary 41 and bump 42 at this
point, which essentially is the end of  15 the bump formation process. The
wire bonding machine is controlled by control circuitry that can cause the
machine to perform the process described herein. Commonly the circuitry
comprises  a digital processing device such as a programmed general purpose
computer, a digital signal processor, a state machine, a combinational
logic circuit, a 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 ball bond as
illustrated in 11 Figure 4A. On top of the bottom portion of the bump 51 is
a fold of wire 52. The fold  of wire 52 generally comprises a first folded
portion 56 having a first end 56a  extending from and integral with the top
of the ball bond portion 51 of the bump and  a second end 56b, a second
folded portion 57 having a first end 57a that is 5 essentially collocated
with the second end 56b of the first folded portion and a  second end 57b.
Smoothed, sloped portion 53 on the fold was formed in the second  folded
portion 57 of the bump by the above-described scraping by the capillary tip
during the aforementioned diagonal motion illustrated by Figures 4D and 4E.
Nub 54  



essentially is left where the wire was severed and essentially is at the
second end 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 form the smoothed, sloped  surface 53. 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. If, on the
other hand, the bump if to be used 12 as the site of the second bond in
reverse wire bonding, then the shape and/or height  of the smoothed, sloped
surface tends to be more important than the ultimate height of the bump.
Generally, taller overall bumps, which may be more desirable for flip chip
5 applications, can be formed by increasing one or both of (1) the slope of
the wire fold  on top of the bump and (2) the amount of wire that forms the
fold. The slope of the  



sloped, smoothed surface generally can be increased by reducing the fold
offset and  increasing the fold return offset relative to the separation
height. Further, the amount  of wire in the fold is generally increased by
increasing the separation height and fold 10 factor. Figures 6A and 6B are
scanning electron micrographs (SEMs) of bumps  formed in accordance with
the present invention designed with overall increased  bump height as a
significant concern. These bumps were made using the following  exemplary
parameters. ParameterValue Wire diameter1.0 mils Capillary chamfer
diameter1.8 mils Capillary tip diameter3.9 mils Capillary hole diameter1.3
mils Bump height0.5 mils Separation height1 mils Fold offset1 mils Fold
return offset-2 mils Fold factor1 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
13 relative to the separation height. Figures 7A through 7D are SEMs of
bumps  formed in accordance with the present invention that were designed
with the  provision of a large smooth and stable surface for stitch bonding
as a significant  



concern. These bumps were made using the following exemplary parameters. 5
ParameterValue Wire diameter1.18 mils Capillary chamfer diameter2.3 mils
Capillary tip diameter5.1 mils Capillary hole diameter1,6 mils Bump
height0.5 mils Separation height1.2 mils Fold offset1.8 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 factor0.75 mils The table below shows minimum, maximum
and exemplary values for the  wire bonding machine control parameters
(i.e., separation height, bump height, fold  offset, fold return offset,
and fold factor) as functions of the capillary and wire 10 dimensions,
i.e., wire diameter (WD), capillary tip diameter (TIP), capillary chamfer
diameter (CD), and capillary hole diameter (HD). The minimum and maximum
values define ranges that have been shown to provide appropriate results in
achieving the different bump shapes necessary for reverse bonding and flip
chip  bumping. Values outside of these ranges may very well also produce
acceptable 15 results and these ranges are merely exemplary. Further, the
column labeled  "Exemplary" represent recommended starting points for
experimental determination  of the best values, which, as noted above,
preferably should be determined  



empirically and depend on the particular application. 14
ParameterMinimumMaximumExemplary Bump height0.0WD0.5WD Separation
heightCD/2CDHD Alternate WD2WDHD separation height Fold offsetWDCDHD Fold
return offsetWDCD(TIP-CD)/2 fold factor0.02WD0.5WD 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 5
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 flip chip bonding, then
parameter values between the "Exemplary" and 10 "Maximum" values in the
table above are likely to be more appropriate. The fact that the stitch
bond made on a sloped surface helps keep the wire  from sagging near the
stitch bond. The fact that the stitch bond is made on a large,  smooth
surface improves the reliability of the stitch bond. Figure 8 shows a wire
loop in which the stitch bond is made on top of a bump  15 made in
accordance with the present invention. In this particular embodiment, the
bump 61 and stitch bond 62 are made on the bond pad 63 of a die 64 that is
supported on a substrate, such as a lead frame 65, on which the first/ball
bond 66 of  



the wire loop 67 is made. As can be seen in Figure 8, the wire loop 67
extends away  from the bump and stitch bond 61, 62 in the uphill direction
of the sloped, smoothed 20 surface (to the right in Figure 8). Thus, the
wire extends away from the stitch bond  at an upward angle that helps keep
the wire from sagging near the stitch bond. In 15 operation, the bump 61 is
placed on the bond pad 63 in the manner described  hereinabove in
connection with Figures 4A through 4F. Next, the capillary of the  same or
a different wire bonder moves to the site on the substrate 65 for the
first/ball  bond of the wire loop and forms a ball bond 66. The capillary
then moves to a 5 position over the previously formed bump 61, which will
be the location for the  second/stitch bond of the wire loop. The motion of
the capillary between the first  bond site and the second bond site can
include any motion components deemed  necessary to properly shape the wire
loop 67. The second/stitch bond 62 is then  made on top of the sloped,
smooth portion 68 of the bump 61. Particularly, the 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 11 A 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 11 B is a SEM showing the prior art bonds from Figure
1 1A from a different, lower perspective. As can be seen in both Figures 11
A and 16 11 B, the wire loop sags substantially and almost contacts the
edge of the die.  Figure 12A 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  accordance with the present invention. Figure 12B
is a SEM showing the bonds 5 from Figure 12A from a different, lower
perspective. As can be seen, the wire loops  sag substantially less than in
the prior art technique illustrated by Figures 1 IA and  11 B. and clear
the top surface and edge of the die by a substantial distance. We have
disclosed new methods and apparatus for creating bumps for  semiconductor
interconnection applications, such as reverse wire bonding and flip  10
chip. Further, we have disclosed a method and apparatus for wire loop
bonding, particularly, reverse wire loop bonding. Some of the advantages of
the present  invention include the formation of a larger and./or taller
bump that helps improve  substrate clearance in flip chip interconnect
applications and helps improve wire loop  clearance and minimize wire sag
in reverse wire loop bonding applications. Bumps 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
skilled in the  art. Such alterations, modifications and improvements as
are made obvious by this  disclosure are intended to be part of this
description though not expressly stated  herein, and are intended to be
within the spirit and scope of the invention.  Accordingly, the foregoing
description is by way of example only, and not limiting. 25 The invention
is limited only as defined in the following claims and equivalents
thereto. 17 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:  5 (1) forming 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 bond  pays out of said capillary; (3)
moving said capillary laterally a first lateral distance in a first
direction;  10 (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 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). 18 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 capillary; (1.2) heating said end of said wire
whereby it forms a ball of wire; 5 (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). 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 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. 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 19 lateral distance and
downward component and said lateral component of said  diagonal motion are
predetermined and are determined as a function of a diameter  of said wire
and at least one dimension of said capillary. 5 12. The method of claim 11
wherein said first lateral distance is in a range  between 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 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 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 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 (D) forming a stitch bond to terminate
said wire loop, said stitch bond being  formed on top of said bump. 18. The
method of claim 17 wherein step (A) comprises forming said bump 5 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. 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 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. 5 22. The wire bonding machine of claim 21 wherein said circuitry for
performing tasks (2) through (5) form a wire fold on top of said ball bond.
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 



pinched. 28, The wire bonding machine of claim 23 wherein said circuitry
for  performing tasks (2) and (4) comprise circuitry for moving said
capillary in a purely  5 vertical direction. 29. The wire bonding machine
of claim 28 wherein said circuitry for  performing task (3) comprises
circuitry for moving said capillary in a purely lateral  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 ball 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 23 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  5 forming said stitch bond on said smooth
surface of said bump. 35. The wire bonding machine 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. 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  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;  25 and
(6) severing said wire from said bump. 37. The computer readable product of
claim 36 wherein said computer 24 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  5 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. 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 capillary 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 42. The computer readable product 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. 5 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. to 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. 26
49. The computer readable product of claim 44 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. 



5 50. The computer readable product of claim 36 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  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. 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. 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. 27 54. A bump for semiconductor electrical
interconnection comprising:  a ball bond formed on a surface; and a fold of
wire formed on top of said ball bond. 



5 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. 10 56. The bump of claim 54 wherein said wire fold
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. 28 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. 5 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 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  is 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. 29 65. 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 bump.
5 30 


