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RIBBON BONDING 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
devices, and in particular, to interconnecting a semiconduc 
tor die to a terminal lead in a semiconductor package. 

[0003] 2. Related Art 

[0004] In the manufacture of semiconductor devices, 
active elements in a semiconductor device, such as drain 
and/or source regions in a semiconductor die, are electrically 
connected to other devices or electronic components, such 
as on a printed circuit board. HoWever, since semiconductor 
devices can be susceptible to environmental conditions, such 
as dust, moisture, and sudden impact, Which can damage or 
otherWise interfere With the proper operation of the device, 
the device is typically protected by a die package. The die 
package both protects the die and alloWs the die to electri 
cally connect to external devices. To facilitate the latter, 
speci?c portions of the die are electrically coupled to 
external leads of the package or lead frame, such as With 
bond Wires or solder balls. 

[0005] FIG. 1 shoWs a side vieW of a typical connection 
betWeen a poWer semiconductor die 10 (e.g., a MOSFET) 
and part of a lead frame 12. Lead frame 12 includes a lead 
14 and a die pad 16. Lead 14 alloWs die 10 to electrically 
couple external elements after die 10 is connected. Die 10 is 
mounted on or secured to die pad 16. The upper surface of 
die 10 includes a metaliZed portion 22, such as aluminum, 
that provides contact With underlying active elements of die 
10. An electrical connection is then made betWeen metaliZed 
portion 22 and contact portion 18. Typically, the connection 
is made by bonding, e.g. ultrasonically bonding, a conduc 
tive Wire 24 betWeen the tWo portions. Materials for Wire 24 
include gold, aluminum, and copper. FIG. 1 shoWs a single 
bond, connection, or stitch 26 betWeen Wire 24 and metal 
iZed portion 22. 

[0006] The amount of current ?oW from die 10 to lead 14 
depends, in part, on the total resistance in the current path, 
as shoWn by the arroWs in FIG. 1. This resistance is due, in 
part, to the resistance of Wire 24 and the spreading resistance 
along metaliZed portion 22. The spreading resistance 
increases as the distance the current has to travel from the 
metaliZed portion to the stitch increases. The spreading 
resistance also increases as the thickness of metaliZed por 
tion 22 decreases. Typical metaliZation thickness is in the 
range of approximately 3 to 5 microns (i.e., much smaller 
than the Wire thickness). It is desirable to loWer the overall 
electrical resistance of the connections, especially to keep 
pace With the intrinsic resistance of the semiconductor die, 
Which is continuously decreasing. HoWever, increasing the 
thickness of metaliZed portion 22 also increases the cost by 
decreasing throughput of the Wafer/die manufacturing pro 
cess. 

[0007] Further, Wires are limited by their siZe, typically 
around 20 mil in diameter, Which also limits the amount of 
current that can be carried in each Wire. Consequently, large 
numbers of Wires are sometimes needed to make the desired 
connections in certain applications, Which can increase the 
cost and decrease throughput of the interconnect process 
equipment (e.g., the Wire bonder). 
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[0008] Instead of Wires, other types of bonding utiliZe a 
strap to connect the die to the lead frame. One such 
con?guration is shoWn in FIG. 2 and is disclosed in US. 
Pat. No. 6,040,626, entitled “Semiconductor Package”, 
issued to Cheah et al. A single conductive strap 50, e.g., 
copper, is used to obtain an electrical connection betWeen 
metaliZed portion 22 on die 10 and lead 14 of the package/ 
module. Strap 50 can be either soldered or glued to tWo 
contact areas 52 and 54, such as With an electrically con 
ductive epoxy or solder paste 56. Use of a strap provides the 
advantages of reducing resistance to current ?oW by pro 
viding a large contact area for coupling metaliZed portion 22 
to lead 14, e.g., spreading resistance is greatly reduced. 

[0009] HoWever, using a strap also has disadvantages. In 
order to solder strap 50 to the surface of metaliZed portion 
22, a solderable metaliZation, e.g., copper or nickel, is 
required. In general, such a metaliZation requires a stack of 
several different metal layers (not shoWn), With each layer 
having a speci?c function, e.g., adhesion, barrier, and sol 
derability, of the soldering process. These layers, Which are 
different than the standard metaliZation layer, e.g., alumi 
num, together result in higher manufacturing cost of the 
metaliZation, and consequently of the semiconductor die. 
Typically, a solder paste process is applied to join the parts. 
Solder paste 56 contains some type of ?ux component, 
Which is required to (1) temporarily tack the components, (2) 
protect them from oxidiZing (especially if the re?oW process 
takes place in air), and (3) remove/reduce oxides already 
present. Depending on the quality of the parts, only the use 
of a strong ?ux provides a robust process and reliable result 
of the soldering process. It is Well knoWn that ?ux residues 
cover the surfaces after re?oW. Beside other negative effects 
(like corrosion in contact With humidity), their presence 
negatively in?uences the strength and reproducibility of the 
adhesion of the molding compound in a subsequent package 
encapsulation. This again can result in a limited reliability of 
such parts. As a consequence, parts processed With solder 
paste typically need to be thoroughly cleaned after re?oW 
and before further processing/packaging. 

[0010] HoWever, cost effective Wet chemical cleaning 
processes are knoWn to offer limited process control capa 
bility, causing an increased yield loss potential, beside the 
additional costs (e.g., labor, ?oor space, equipment, con 
sumables, and yield loss) due to the need for this additional 
process step. Such a cleaning is also dif?cult to automate 
(Which Would reduce labor cost) and dif?cult to implement 
in a clean room environment. Furthermore, Wet chemical 
processes, as Well as solder re?oW using ?ux (fumes), may 
be environmentally unfriendly. TWo other disadvantages of 
a copper strap interconnect are (1) limited ?exibility (since 
the straps are typically stamped on the die bonder, device 
changes Which require a different strap geometry Will 
require exchanging the stamping tool, Which increases time 
and cost) and (2) the relatively stiff copper strap can form a 
signi?cant stress on the silicon die, Which can cause the die 
to crack, especially if the thickness of the attachment layer 
(e.g., solder or epoxy) is not Well controlled above a certain 
minimum. 

[0011] Another type of interconnect currently used is a 
solder ball based interconnect, such as disclosed in US. Pat. 
No. 6,442,033, entitled “LoW-cost 3D Flip-chip packaging 
technology for integrated poWer electronics modules”, 
issued to Liu Xingsheng et al., and in US. Pat. application 
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publication No. US 2002/0066950, entitled “Flip chip in 
leaded molded package With tWo dice”, by Rajeev Joshi, 
both of Which are incorporated by reference in their entirety. 
Solder ball based interconnects have similar disadvantages 
to those of the strap con?guration With regards to the use of 
solder paste and in?exibility. In high current applications, 
such a con?guration has the additional disadvantage of the 
solder’s high susceptibility to electromigration. 
[0012] Thus, it is highly desirable to use a clean, environ 
mentally friendly process, Which can be Well controlled, as 
Well as a ?exible interconnect. The ultrasonic bonding 
process is one such process. HoWever, it is also desirable to 
reduce the number of connections, in order to increase the 
production rate of existing equipment, and reduce the cost of 
manufacturing. Furthermore, it is desirable to improve the 
electrical performance of connections, Which Would require 
either reducing the electrical resistance and/or increasing the 
current capability, depending on the type of application. 
Especially for discrete semiconductor devices, it is also 
desirable to reduce the overall siZe of a device, and therefore 
the volume required by the connection. 

[0013] Accordingly, there is a need for an improved type 
of connection processed using ultrasonic bonding, Which 
overcomes the de?ciencies in the prior art as discussed 
above. 

SUMMARY 

[0014] According to one aspect of the present invention, a 
?exible conductive ribbon is used to electrically connect a 
die and an external lead in a package, such as for poWer 
applications and MOSFETs. The connection to the die is by 
ultrasonic bonding in one embodiment. Bonding of the lead 
may also be by ultrasonic bonding. Other embodiments may 
utiliZe thermosonic bonding. The ribbon is of a rectangular 
cross-section and can be of a single layer, such as aluminum 
or copper, or can be of multiple layers, such as a thin 
aluminum bonding layer underlying a thicker copper con 
ducting layer. In some embodiments, a single ribbon is used, 
While in other embodiments, multiple parallel ribbons are 
bonded. Further, each ribbon can have one or more stitches 
or bonds on the conductive die surface With one or more 

loops. 
[0015] The present invention alloWs using the same bond 
ing process as With Wires, i.e., an ultrasonic bonding process, 
increasing the cross section and contact area for the current 
paths While limiting or even reducing the overall volume 
occupied by the connection, and reducing the processing 
steps and time to produce the connection. Using a ribbon of 
the present invention alloWs the main loop cross section to 
be maximiZed since gaps betWeen Wires are ?lled. Even 
though the ribbon has a large cross section, the thickness can 
still be reduced compared to a Wire, Which makes bonding 
by ultrasonic processes less dif?cult. Consequently, bonding 
is easier, the loop height can be loWered, Which results in 
loWer interconnect height and a potential for reduced pack 
age height for smaller packages, and the ability to form the 
loops increases, Which results in shorter loops and more 
stitches. Multiple stitches alloW using smaller bond areas 
(per stitch), Which alleviates the need for a heavy bond head 
to generate and apply high force and ultrasonic poWer during 
bonding. Thus, yields higher throughput. The use of multiple 
stitches, leading to shorter distances betWeen stitches, 
reduces the spreading resistance, Which alloWs higher cur 
rent carrying capability. 
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[0016] In other embodiments, the ribbon can be bonded 
and cut at different angles, depending on the orientation of 
the contacts of the die and lead terminals. This alloWs 
optimal usage of the ribbon contact area, maximiZes ribbon 
Width, and alloWs placing a large ribbon in existing packages 
designed for round Wire bonding (e.g., TO-220 packages) in 
an optimiZed manner. 

[0017] This invention Will be more fully understood in 
conjunction With the folloWing detailed description taken 
together With the folloWing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 shoWs a side vieW of a conventional con 
nection betWeen a die and a lead frame using a Wire With a 
single stitch; 
[0019] FIG. 2 shoWs a conventional connection betWeen 
a die and a lead frame using a strap; 

[0020] FIGS. 3A and 3B shoW side and top vieWs, 
respectively, of a connection betWeen a die and a lead frame 
according to one embodiment of the invention; 

[0021] FIG. 4A is a side vieW of a connection betWeen a 
die and a lead frame using a ribbon With multiple stitches 
according to another embodiment; 

[0022] FIG. 4B is a side vieW of a ribbon With multiple 
stitches, shoWing spacing betWeen stitches according to one 
embodiment; 
[0023] FIGS. 5A-5C shoW top vieWs of another embodi 
ment of the present invention using multiple parallel rib 
bons; 
[0024] FIG. 6 shoWs a cross-sectional vieW of a clad 
ribbon according to one embodiment of the invention; 

[0025] FIG. 7 shoWs a cross-sectional vieW of a clad 
ribbon With three layers according to another embodiment of 
the invention; 

[0026] FIG. 8 shoWs a portion of a bond tool suitable for 
ribbon bonding according to one embodiment; 

[0027] FIG. 9A shoWs a top vieW of a connection betWeen 
a die and a lead frame Where the contacts are aligned; 

[0028] FIG. 9B shoWs a top of a connection betWeen a die 
and a lead frame Where the contacts are not aligned using a 
conventional process; 

[0029] FIG. 9C shoWs a top vieW of the contact alignment 
of FIG. 9B using an embodiment of the present invention; 

[0030] FIG. 10 shoWs a top vieW of a device With gate 
?ngers Where a ribbon has stitches betWeen the gate ?ngers 
according to one embodiment; and 

[0031] FIG. 11 shoWs a side vieW of stacked ribbons 
according to an embodiment of the present invention. 

[0032] Use of the same or similar reference numbers in 
different ?gures indicates same or like elements. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] According to one aspect of the present invention, 
one or more conductive ?exible ribbons are used to electri 

cally connect a semiconductor die to a lead frame. 



US 2004/0217488 A1 

[0034] FIGS. 3A and 3B show a side vieW and top vieW 
of a semiconductor die 400 coupled to a lead frame 402 by 
a conductive ?exible ribbon 404, according to one embodi 
ment of the invention. Die 400 includes a metaliZed portion 
406, such as aluminum, that provides connection to under 
lying elements of die 400. Die 400, in one embodiment, is 
part of a poWer semiconductor device, such as a poWer 
MOSFET. Lead frame 402 includes a support portion 407 to 
Which die 400 is secured, e.g., by solder or epoxy, and 
terminals 408 that alloW electrical connection to external 
devices. An enclosure, covering, or package protects the die 
from external elements. In some embodiments, the semi 
conductor package is a TO-220 or an SO-8 package. 

[0035] Ribbon 404, Which may have a rectangular cross 
section, is aluminum, although other conductive metals, 
such as copper, are also suitable. In one embodiment, the 
mechanical properties of ribbon 404 are similar to that of 
Wire. For example, a 60 mil><8 mil aluminum ribbon may 
have a tensile strength of approximately 2000 g. The Width 
of ribbon 404 may range from 20 mil to 100 mil or more. In 
one embodiment, the Width is 120 mil. Larger Width ribbons 
generally are able to replace larger numbers of Wires. For 
example, a single 120 mil ribbon may replace ?ve 20 mil 
Wires. The thickness of ribbon 404 may range from 2 mil to 
10 mil or more. In one embodiment, the thickness is 12 mil. 
Thicknesses of 2 mil require precise cutting control so that 
the ribbon can be cut While not cutting into the substrate. 
Note that loWer thicknesses may be possible With improved 
equipment and processes. Some typical siZes of ribbon 404 
are 20 mil><2 mil, 20 mil><4 mil, 30 mil><3 mil, 40 mil><4 mil, 
50 mil><5 mil, 60 mil><8 mil, 80 mil><6 mil, 80 mil><8 mil, 80 
mil><10 mil, and 100 mil><10 mil. Aspect ratio (Width/ 
thickness), in one embodiment, is betWeen 7 and 13, With a 
typical ratio of approximately 10. An aspect ratio of approxi 
mately 10 has been shoWn to provide a good compromise 
betWeen bondability (the thinner the better) and tilt sensi 
tivity (the thicker the better). Those skilled in the art Will 
appreciate that other siZes of ribbon may also be suitable, 
depending on factors such as system requirements and 
process technology. 

[0036] Ribbon 404 is bonded to metaliZed portion 406 by 
an ultrasonic bonding process, as is knoWn by those skilled 
in the art, and is disclosed, e.g., in commonly-assigned US. 
Pat. No. 4,824,005, entitled “Dual mode ultrasonic generator 
in a Wire bonding apparatus” to Smith, Jr. and US. Pat. No. 
6,439,448, entitled “Large Wire Bonder Head” to Ringler, 
both of Which are incorporated by reference in their entirety. 
Ultrasonic bonding is more environmentally friendly, 
cleaner, less expensive, and easier to control than soldering. 
HoWever, ultrasonic bonding becomes more difficult as the 
thickness of the Wire or ribbon increases. In the case of a 
Wire, small diameter Wires can be used, but a larger number 
of Wires are needed to obtain the same cross section, thereby 
resulting in loWer productivity and higher cost. 

[0037] The relatively small thickness of ribbon 404 (e.g., 
2 to 10 mil) alloWs ultrasonic bonding, While a large Width 
(e.g., 20 to 100 mil) alloWs a large bonding area. The small 
thickness of ribbon 404 also provides ?exibility so that, 
Within a given area of metaliZed portion 406, the number of 
bonds or stitches can be increased and the length of ribbon 
betWeen bonds can be decreased. This can be advantageous, 
as Will be discussed in more detail beloW. 
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[0038] Referring to FIG. 3B, ribbon 404 is ultrasonically 
bonded, in one embodiment, to metaliZed portion 406 along 
an area 412, although the actual bond may be smaller. The 
ultrasonic bonding is by conventional processes, e.g., With 
frequencies around 60 kHZ. HoWever, variations of current 
ultrasonic bonding processes are also suitable. For example, 
ultrasonic bonding can be at a frequency higher than 60 kHZ, 
e.g., around 80 kHZ, Which provides higher reproducibility 
of the resulting bond and requires a smaller vibration 
amplitude from the bond tool. In other embodiments, ribbon 
404 is thermosonically bonded to metaliZation portion 406. 
There are trade-offs in using thermosonic bonding, such as 
additional complexities and costs associated With heating a 
substrate and bonding on the heated substrate versus loWer 
ultrasonic poWer requirements and a more forgiving process. 

[0039] Referring back to FIG. 3B, area 412 is approxi 
mately the Width of ribbon 404 and approximately tWice the 
thickness of ribbon 404 in one embodiment. In other 
embodiments, the length of area 412 is less than tWice the 
thickness of ribbon 404, but more than the thickness of 
ribbon 404. In some embodiments, the actual bond from the 
ultrasonic bonding is at least as large as the area of the 
cross-sectional area of ribbon 404. A bond tool for a larger 
(longer) bonded area 412 alloWs achieving a bond of suffi 
cient length (i.e., at least as long as the thickness of the 
ribbon) even With less than optimal ultrasonic bonding 
parameters. Further, the actual bond area is of the same 
magnitude as the bond area for Wire bonding, and thus, 
comparable force (bond) and poWer capability (ultrasonic) 
to Wire bonding can be used for ultrasonic bonding ribbon 
404. Typically, suf?cient current flow is obtained When the 
actual bond area is at least approximately the siZe of the 
ribbon’s cross section. 

[0040] In general, performance and processability 
increase as the Width of ribbon 404 increases. HoWever, the 
Width is limited by various factors, such as the ultrasonic 
bonding process, reliability of the bond, and the type of 
package. For example, the Width of the ribbon and its aspect 
ratio must be limited depending on the tilt of the bond 
surface relative to the bond tool. Stress and strain caused by 
a thermal expansion mismatch betWeen the ribbon and the 
substrate increase With increasing siZe of the bonded area, 
progressively limiting the fatigue failure lifetime of a bond 
With increasing maximum linear dimension. The critical 
linear dimension is the length of the diagonal of the rect 
angular bond area. The severity of this limitation depends on 
the type of package and the type of application. It Will be less 
severe in a plastic molded discrete package, but more 
pronounced in an electronic module (Which is typically ?lled 
With silicon gel only to achieve protection against oxidation 
and corrosion). HoWever, as long as the maximum dimen 
sion is comparable, e.g., Within 150%, With the maximum 
dimension of the bond area of a large Wire, this limitation is 
expected to be comparable to the one for a round Wire bond 
because the largest dimension is still of similar siZe. 

[0041] FIG. 4A is a side vieW shoWing another embodi 
ment of the present invention in Which multiple bonds or 
stitches 500 are used to contact ribbon 404 to metaliZed 
portion 406. Stitches 500 are formed using ultrasonic bond 
ing in one embodiment. Multiple stitches reduce spreading 
resistance along metaliZed portion 406. As seen from FIG. 
4, the shorter the distance betWeen stitches 500, the less 
distance current has to travel in the metaliZation With high 
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electrical resistance, resulting in less spreading resistance 
and higher current How to terminals 408 of lead frame 402. 
In one embodiment, the number of stitches is betWeen 2 and 
6, although a single stitch may also be used. The distance 
betWeen stitches 500 depends on various factors, such as the 
siZe of ribbon 404, the ribbon bonding process, and require 
ments of the resulting device. For example, thinner ribbons 
alloW the distances to be shorter, due in part to increased 
?exibility. In one embodiment, the distance betWeen stitches 
(center-to-center of the stitches) for an 80 mil><8 mil ribbon 
is betWeen approximately 1.25 mm and 2 mm, and for a 40 
mil><4 mil ribbon, the distance may be reduced doWn to 0.6 
mm. 

[0042] FIG. 4B is a side vieW of an embodiment With 
multiple stitches for illustrating stitch placement on the die. 
Ribbon 404 is a single Wide ribbon (approximately the Width 
of metaliZed portion 406) or one of multiple parallel ribbons. 
Distances x0, x1, x2, x3, and x4 are as shoWn, Where xO+x1+ 
x2+x3+x4=d (the length of metaliZed portion 406). Note that 
only four stitches 500-1 to 500-4 are shoWn, although other 
numbers are also possible. Further, the distances xO to x4 are 
not shoWn to scale, as different embodiments Will yield 
different distances. In one embodiment, the distances x0 and 
x4 (from the center of the stitches at the ends of the die to the 
edge of the die) are approximately half the distance of the 
center-to-center distance of the interior stitches, i.e., x1=x2= 
x3=2xo=2x4. Placement in this manner, to a ?rst approxi 
mation, minimiZes the maximum distance betWeen any point 
on metaliZed portion 406 and the nearest bond or stitch 500. 
This approximation also assumes the resistance of each of 
the small loops (betWeen stitches 500) is much less than the 
resistance of the main loop (betWeen stitch 500-1 and 
terminal 408). The accuracy of the approximation increases 
as the number of stitches increases, i.e., a denser placement 
of stitches. 

[0043] Among the stitches, resistance is loWest at stitch 
500-1, resulting in the highest current How and highest 
current density at stitch 500-1. Thus, in applications that are 
limited by the peak current, damage may appear at the ?rst 
stitch, e.g., in the form of melting of die metaliZation and 
damage of the die due to too high a current density at the 
bond or stitch. Consequently, it Would be desirable to place 
stitches 500 such that each stitch “sees” the same resistance 
or current ?oW. Thus, according to another embodiment, 
stitches 500 are placed such that the separation betWeen 
stitches increases as the stitches move farther aWay from 

terminal 408. In one embodiment, xO<x1/2<x2/2<x3/2<x4. 

[0044] The distance may also be limited by the process in 
Which ribbon 404 is bonded to metaliZed portion 406. For 
example, during the bonding process, ribbon 404 is fed 
through a bond tool, as Will be described in more detail 
beloW, to the bond area, Where ultrasonic bonding secures 
ribbon 404 to metaliZed portion 406. Additional ribbon 404 
is then fed through the bond tool to form a loop and doWn 
to the next bond area. After the ?rst bond, if the ribbon is 
looped back from the direction of the feed, a shorter distance 
to the next bond or stitch is possible. HoWever, by looping 
the ribbon back, stress is placed on the neW bond, Which may 
damage or break the bond. Looping the ribbon forWard in 
the same direction as the feed greatly reduces stress, but also 
makes the formation of a short loop more critical. In one 
embodiment, the ribbon is directed at an approximately 90° 
angle from metaliZed portion 406, Which places a limited 
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level of undue stress on the bond While also alloWing a short 
distance betWeen bonds. As Will be appreciated by those 
skilled in the art, hoWever, feeding the ribbon forWard or 
backWard at various angles may be the most desirable 
depending on the various factors such as the bonding 
equipment, the ribbon, and the device requirements. 

[0045] There are also advantages to minimiZing the height 
H of the ribbon loops. AloWer height alloWs a smaller pro?le 
package, as Well as reduced resistance for higher current 
?oW. HoWever, as With the distance limitation, the height is 
limited by the thickness of the ribbon as Well as the bonding 
process. There is no upper limit of the loop height (Within 
the range of typical dimensions of semiconductor packages 
or modules), but the loWer the target loop height, the more 
challenging its control, i.e., to achieve a high reproducibility, 
the minimum loop height Will depend on the thickness of the 
ribbon (via the in?uence on the stiffness With regards to 
bending the ribbon). In one embodiment, loop heights are 
1.00 mm (from surface of the die to top surface of the 
ribbon) for 8 mil thick ribbons. HoWever, depending on 
device requirements, loop heights can have other heights, 
such as 0.60 mm to achieve reproducibility or suf?cient 
control of the loop height or 0.40 mm for an 8 mil thick 
ribbon to alloW ?lling material (e.g., silicon gel in poWer 
modules and plastic mold in discrete poWer devices) still 
enough space to properly ?ll so that voids/bubbles do not 
form under the ribbon. 

[0046] Factors other than device and/or process limita 
tions may also determine the number of and distance 
betWeen stitches on metaliZed portion 406. Even though 
shorter distances betWeen stitches reduce the resistance and 
provide higher current, the larger number of stitches or loops 
also decreases throughput. For applications in Which a high 
current is not critical, a higher throughput may be more 
desirable at the cost of loWer current ?oW. In such a 
situation, a loWer number of stitches or bonds Would be 
formed. Therefore, the number of stitches and distance 
betWeen stitches may vary depending on the device require 
ments. 

[0047] FIGS. 5A, 5B, and 5C shoW top vieWs of another 
embodiment of the present invention, in Which multiple 
ribbons 404 are used to connect metaliZed portion 406 to 
terminals 408. FIG. 5A shoWs four 60 mil><8 mil ribbons 
404 With three stitches or bonds, FIG. 5B shoWs four 80 
mil><8 mil ribbons With four stitches, and FIG. 5C shoWs 
four 80 mil><8 mil ribbons With ?ve stitches. Higher current 
carrying capability or loWer resistance is possible With 
multiple ribbons since the area from Which the current to the 
bond is collected is reduced. In general, as the number of 
ribbons increases, the resistance decreases and current ?oW 
increases. HoWever, as the number increases, the required 
Width of the individual ribbons can decrease. NarroWer 
ribbons are desirable When the device is subject to large 
temperature variations. This is because a smaller bond 
experiences less stress from coef?cient of thermal expansion 
(CTE) effects, resulting in a more reliable bond. Thus, 
tradeoffs exist betWeen having feWer Wider ribbons versus 
having a larger number of narroWer ribbons. As discussed 
above, a typical aspect ratio is approximately 10. Lower 
aspect ratios may also provide advantages over Wires; hoW 
ever, as aspect ratios decrease (e.g., to 3 or less), the ribbon 
becomes to look and behave like a Wire, thereby negating the 
advantages provided by ribbons. 
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[0048] Typically, as for a round Wire, there is a CTE 
mismatch between the ribbon and the underlying silicon. For 
example, a copper ribbon may be desirable because copper 
has a loWer resistance than aluminum and has a higher 
melting point. HoWever, When the metaliZation is aluminum, 
Which is softer than copper, bonding the copper ribbon to the 
aluminum layer may result in the bond extending through 
the aluminum layer and damaging the underlying silicon 
(this Would be even Worse for a round Wire, due to the higher 
pressure). Therefore, in one embodiment, a copper plating or 
a metal plate is placed over the metaliZation layer. The metal 
plate should be a material having a CTE betWeen that of 
silicon and the ribbon material, e.g., copper, to act as a 
stress/strain buffer. In one embodiment, the material is 
nickel-plated molybdenum. This eliminates the need to 
reduce spreading resistance, Which results in the resistance 
mainly residing in the ribbon. AWide copper ribbon With one 
stitch provides a large bonding contact area for a reliable 
bond, While providing loW resistance for current ?oW. Fur 
ther, using a material having a closer CTE to the bond 
surface (copper) reduces the temperature effects on the 
strength of the bond. 

[0049] FIG. 6 shoWs a cross-sectional vieW of one 
embodiment of a clad ribbon 600 formed from a thin ?rst 
conductive layer 602 and an overlying second conductive 
layer 606. First layer 602 is made of the same material as the 
underlying metaliZation layer 604 to Which it is to be 
bonded. Properties of ?rst layer 602 or bonding layer include 
increased bondability (“soft” so that underlying structures 
remain undamaged and easily bondable With ultrasonic 
processes), corrosion resistance, high electrical conductivity 
so that current can easy travel through this layer to reach 
second layer 606, and relatively loW coef?cient of thermal 
expansion (or near to silicon). In general, the latter tWo 
properties are someWhat less important than the ?rst tWo. In 
one embodiment, aluminum is used for ?rst layer 602 having 
a thickness of approximately 2 mil. Thus, tWo like-materials 
are bonded together (When the metaliZation is aluminum), 
Which results in a stronger and more reliable bond. 

[0050] Furthermore, since it is currently not possible to 
directly bond copper to aluminum metaliZation layers Which 
overlie active circuitry, aluminum bond pads are typically 
moved to areas Where there is no active circuitry underneath. 
This can alloW bonding of thin (e.g., 2 mil) copper Wires to 
aluminum metaliZation Without the danger of damaging 
active elements underneath the aluminum. HoWever, mov 
ing bond pads normally requires making the silicon die 
larger. SiZe of the silicon die is still the major cost factor in 
a semiconductor device. Therefore, the capability to bond 
copper over active circuitry With a high yield is very 
desirable, Which can be accomplished using a clad ribbon 
With an aluminum layer betWeen the metaliZation layer and 
the copper ribbon. 

[0051] A thicker second layer 606 having higher thermal 
and electrical conductivities and loWer resistance overlies 
?rst layer 602. Besides high conductivity, second layer 606 
should also be corrosion resistant and have a loW coef?cient 
of thermal expansion. An additional property, sometimes not 
as important as the above, is to limit its hardness in order to 
not in?uence loop forming capability too much and to alloW 
a good coupling betWeen the layer and the bond tool. In one 
embodiment, second layer 606 is copper having a thickness 
of approximately 6 to 8 mil. Second layer 606 can have 
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different thicknesses, depending, in some embodiments, on 
the thickness of ?rst layer 602 such that the aspect ratio is 
Within 7 and 13 (typically 10). Larger cross sections (greater 
thickness) Will require higher ultrasonic poWer for bonding 
and therefore higher force to reach the necessary coupling 
betWeen the bonding tool and the copper portion. Copper 
provides loW electrical resistance and/or a strong/stiff and 
corrosion resistant loop. Other materials that may be suitable 
for second layer 606 include gold, Which is much more 
costly, and a silver-nickel alloy. 

[0052] A2 mil aluminum bonding layer has been found to 
be suitable With current processes. Aluminum is desirable 
for ultrasonic bonding because it can be joined With many 
materials at room temperature, is easily bondable, and 
protects underlying active elements from possible damage 
from ultrasonic bonding. Its “softness” enables bonding to 
sensitive structures With high yield. While its electrical and 
thermal conductivities are high, they are still loWer com 
pared to some other materials like copper. HoWever, While 
copper has higher electrical and thermal conductivities, it is 
relatively hard and difficult to bond. Thus, forming ribbon 
600 With a thin aluminum layer betWeen the copper and the 
aluminum metaliZation provides advantages of both the 
copper and the aluminum. In other embodiments, ?rst layer 
602 can be of a metal or bond material similar to but not 
exactly the same as the underlying metaliZation, Which Will 
still yield bene?ts, although not to the extent of using the 
same metal. In another embodiment, copper is used. Other 
embodiments may utiliZe a harder bonding layer than alu 
minum, such as in the case When the metaliZation underlying 
the active elements is formed of a harder material, such as 
copper. 

[0053] Another design aspect of poWer interconnects is 
their reliability. Especially in poWer modules, the thermal 
mismatch at the bond interface, mainly caused by the large 
CTE difference betWeen silicon and aluminum is a limiting 
factor. Theoretically, this could be drastically changed With 
the clad ribbon 600 discussed above, if the main ribbon 
material or thicker second layer 606 has a CTE nearer to the 
one of silicon. For example, since the CTE of copper (i.e., 
~17><10_6 K_1) is nearer to the one of silicon (i.e., ~3><10_6 
K_1) than aluminum (i.e., ~24><10_6 K_1) so that the differ 
ence is ~14><10_6 K‘1 compared to ~21><10_6 K_1, the reli 
ability should be improved. Calculations have shoWn an 
approximate factor of tWo improvement. As an example, this 
offers the potential to improve the reliability in industrial 
poWer modules by approximately a factor tWo, a long 
sought after improvement. 

[0054] FIG. 7 shoWs another embodiment of a clad ribbon 
700, in Which a third layer of material 702 overlies second 
layer 606. As With the embodiment of FIG. 6, ?rst layer 602 
is of a bond material, e.g., conducive to ultrasonic bonding, 
and second layer 606 is of a conductive material, chosen for 
various aspects such as conductivity and ?exibility. As the 
coupling betWeen the bond tool and ribbon 700 is another 
key requirement (Which determines the required force to a 
signi?cant extent), it may be bene?cial to include third layer 
(or bonding layer) 702, Which is not necessarily identical to 
?rst layer 602 at the bottom. Third layer 702 Would support 
an optimiZed coupling betWeen the ribbon and the bond tool. 
Properties of third layer 702 or coupling layer are selected 
to have medium hardness, be corrosion resistant, have high 
electrical conductivity, and a loW coef?cient of thermal 
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expansion, although typically the ?rst tWo properties have 
greater importance than the latter tWo. HoWever, this may 
change With different applications. In one embodiment, 
aluminum is used for third layer 702. Other materials may 
include copper, gold, and silver, although each has disad 
vantages. For example, copper is hard and gold and silver 
are more costly. The thickness of third layer 702, in one 
embodiment is betWeen approximately 0.5 mil and 2 mil, 
With a typical thickness being 1 mil. First layer 602 and 
second layer 606 are similar to that described above With 
respect to the embodiment of FIG. 6. 

[0055] One advantage of using a ribbon instead of a round 
Wire in a clad con?guration is that aluminum is more 
effectively utiliZed. For example, using a round Wire With a 
copper core and an aluminum cylinder surrounding the 
copper, only the bottom portion of the aluminum is used for 
bonding When the Wire is bonded and “?attened” against the 
metaliZation. Thus, the upper and side portions of the 
aluminum are not used to create the bond. HoWever, using 
a ribbon, the aluminum is fully utiliZed during the ultrasonic 
bonding process. Accordingly, more copper (as a percentage 
of the total Wire cross-section) can be used, resulting in a 
higher current carrying capability. The thickness of the clad 
layer of a ribbon can be chosen loWer than for a Wire (e.g., 
for a tWo layer or one-sided clad ribbon), because it has to 
deform much less (less than 1 mil, typically approximately 
0.5 mil, according to observations/investigations). 

[0056] FIG. 8 shoWs one embodiment of a portion (the 
foot) of a bond tool for use in the present invention. The foot 
of the bond tool utiliZes a cross groove structure and forms 
a diamond pattern, as shoWn. The depth of the grooves 
depends on the thickness of the ribbon. In one embodiment, 
the depth is betWeen approximately 1.0 mil and 1.5 mil for 
an 8 mil thick ribbon. This pattern type increases the 
coupling surface betWeen the tool and the ribbon during the 
bond process. The edges of the grooves also improve the 
immediate locking betWeen the tool and the ribbon at the 
start of the bond process, reducing the slippage betWeen the 
tool and the ribbon, and transferring the tool’s motion into 
the ribbon and to the interface betWeen the ribbon and the 
substrate. It is also expected that this diamond pattern 
slightly reduces the tilt sensitivity of the ribbon bonding. 
The bond surface should be Well perpendicular to the bond 
tool; otherWise the load of the tool onto the ribbon is 
inhomogeneous, and bonding, then actually over-bonding, 
takes place only on one side of the ribbon. The diamond 
pattern limits the deformation on the side Where the tool is 
nearer to the substrate (due to a limited perpendicularity), 
but because the tool still easier sinks into the material on that 
side of the ribbon, it Will more likely also sink in to some 
extent on the other side, and transfer at least some energy. 
Thus, this type of pattern increases/maximiZes contact area 
betWeen the tool and the ribbon and minimiZes damage to 
the ribbon heel. It has also been observed that using ribbons 
With aspect ratios of 10 provides an acceptable bond quality 
for tilt angles up to 1°. 

[0057] In many packages, terminals 408 and metaliZed 
portion 406 are “aligned”, as shoWn in FIG. 9A, along a line 
900. Aligned, as used herein, means a majority of the 
bonding area of terminals 408 are Within the area projected 
from the bonding area of metaliZed portion 406 perpendicu 
lar to one of its sides. In these types of packages (e.g., SO-8 
packages), ribbon 404 is fed and bonded along line 900 and 

Nov. 4, 2004 

cut perpendicular to line 900. Here, the maximum Width of 
ribbon 404 is limited by the lesser of the tWo Widths of 
metaliZed portion 406 and terminal 408. HoWever, other 
types of packages may have terminals 408 and metaliZed 
portion 406 that are offset from each other, such as shoWn in 
FIG. 9B. Using conventional ultrasonic bonding equipment 
and processes, ribbon 404 is bonded and cut perpendicular 
to the length of the ribbon, as shoWn in FIG. 9B. This may 
reduce the bonding area and Width of the ribbon, as Well as 
the number of stitches or bonds, since the area on terminal 
408 and metaliZed portion 406 is not optimally utiliZed. 

[0058] FIG. 9C shoWs one embodiment of the invention 
in Which ribbon 404 is cut and bonded parallel to the 
intended bond area of terminal 408 and metaliZed portion 
406. Using this con?guration, bonding areas are more fully 
utiliZed so that Wider ribbons can be used With more bonds. 
Conventional ultrasonic bonding equipment can be modi?ed 
so that the bond tool is rotated. This alloWs the ribbon to be 
bonded and cut at different angles. By cutting and bonding 
in parallel With the bonding areas of the die and terminals, 
the ribbon Width, bonding area, and/or number of stitches 
can be advantageously increased. Note that orientations 
other than parallel may also provide bene?ts over bonding 
With a ?xed tool. 

[0059] Angle bonding can be accomplished by making 
modi?cations to existing ultrasonic bonding equipment, 
such as described in commonly-assigned US. Pat. No. 
4,976,392, entitled “Ultrasonic Wire bonder Wire formation 
and cutter system”, Which is incorporated by reference in its 
entirety. Angle bonding can be achieved by rotating the 
ribbon guide and the cutter relative to the bond tool or by 
rotating the bond tool alone (hoWever then the cut is not 
parallel to the bond (tool)). 

[0060] One Way to achieve an angle bond is by rotating the 
bond foot of the tool relative to the transducer and Wire 
guide. Although this Way the orientation of the tool and 
therefore the setup is ?xed and application speci?c, it does 
not mean any other additional effort. Of course the vibration 
characteristics Will be different and a function of the angle, 
but this can be accommodated for. Also the cutter is rotated 
if a cut parallel to the bond is required. Such a setup is 
suf?cient in most discrete poWer applications, Where typi 
cally only one angle is required (see FIG. 9C). In a poWer 
module application, Where there may be many more inter 
connects under different angles, a ?exible solution may be 
required. This Would alloW adjusting the relative angle 
betWeen bond foot and ribbon guide and cutter, thereby 
supporting the ?exibility, Which is the major strength of 
ultrasonic bonding compared to other interconnect tech 
niques in such applications. 

[0061] FIG. 10 shoWs another embodiment of the present 
invention, in Which ribbon 404 With multiple stitches 500 (of 
FIG. 5) is used With a device, such as a MOSFET die, With 
gate ?ngers 1000. Stitches 500 are bonded betWeen gate 
?ngers 1000. This eliminates the need to form an additional 
insulating layer over ?ngers 1000. One trend, also in poWer 
electronics (mainly discrete poWer MOSFET for DC-DC 
converter applications), is to higher sWitching frequencies. 
Higher frequency operation (e.g., >1 MHZ) improves the 
ef?ciency in DC-DC converter applications and alloWs 
keeping passive components (e.g., inductors and capacitors) 
smaller. 
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[0062] To improve the switching behavior of a MOSFET, 
gate ?ngers are designed into the area of the source metal 
iZation (in order to reduce the distance betWeen the gate and 
any point in the source to reduce the sWitching delay). These 
gate ?ngers interrupt the source metaliZation. For example, 
US. Pat. No. 6,040,626 describes hoW these ?ngers need to 
be covered With some electrically isolating material such 
that the clip attached to the source metaliZation does not 
create a short betWeen the gate (?nger) and the source 
metaliZation. If the gate ?nger arrangement is such that the 
stitches of a ribbon can be placed in betWeen, the ribbon 
eliminates the need of this electrical isolation mentioned 
above. 

[0063] Using a ribbon in higher frequency applications 
also provides advantages of the limited skin effect of ribbons 
compared to round Wires. For example, the skin depth at 1 
MHZ is 3.1 mil for aluminum and 2.5 mil for copper. Since 
most of the current ?oWs in a layer underneath the conduc 
tor’s surface of thickness equal to the skin depth, the reduced 
cross section results in higher voltage loss and higher Joule 
heating. For a numerical example, in a 20 mil Wire, only the 
outer ring of 3.1 mil thickness carries a signi?cant amount 
of current. Its cross section is 

(2)4202 - 16.92) = 90 H1112 

[0064] or approx. 90/314~29% of the total Wire cross 
section. In contrast, for an 80 mil><8 mil ribbon, the cross 
section of the outer ring of 3.1 mil thickness (neglecting the 
short sides) is 2x80 mil><3.1 mil=496 mil2 or 
496/640~77.5% of the total ribbon cross section. 

[0065] Although ribbons have been used in other applica 
tions, utiliZing ribbons in connection With semiconductor 
dies and packages, such as high poWer applications and 
MOSFETs, has not been used for numerous reasons. For 
example, high frequency applications, such as microWave 
and opto-electronic, use ribbons for its improved high fre 
quency capability. The rectangular cross section reduces the 
skin effect, loW loops of appropriate shape result in loW 
inductance of the interconnect, and the shape is more similar 
to the one of strip lines, resulting in loWer re?ection losses 
at the ends of the interconnect. High frequency applications 
desire ribbons that have large surface area (reducing skin 
effects) and loops With Well de?ned geometry (small vari 
ance in inductance). This leads to single ribbons With single 
bonds, since spreading resistance is not an issue. Further 
more, ribbons used in these high frequency applications 
typically use gold as the ribbon material and processes the 
bonds With heating the substrate, i.e., it is a thermosonic 
process and not a pure ultrasonic process (i.e., Without 
application of heat). 

[0066] The use of ribbon bonding of the present invention 
yields numerous advantages. The extent of the productivity/ 
throughput improvement Will depend on the application. For 
example, in a medium poWer package (e.g., a TO-220 
package), three parallel 20 mil aluminum Wires With tWo 
stitches on the die each Were replaced With one 80 mil><10 
mil aluminum ribbon With three stitches on the die, for equal 
electrical performance. The productivity improvement 
increased by a factor of approximately 2.5, as the process 
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time for such a ribbon With the design criteria (With regards 
to the siZe of the bond area) described is comparable to that 
of a single 20 mil Wire. In a loW poWer package (e.g., an 
SO-12 package), four 5 mil aluminum Wires With a single 
stitch on the die Were replaced With one 30 mil><3 mil 
aluminum ribbon With a single stitch on the die. The 
productivity improvement factor is approximately 4, as the 
process time for such a ribbon is comparable to that of a 
single 5 mil Wire. 

[0067] The present invention provides other features that 
may be bene?cial. For example, ribbon bonding yields a 
higher stiffness in the substrate plane, thereby loWering 
sensitivity to vibrations in that direction. This may have 
advantages in automotive applications, Where silicon gel 
used to ?ll the poWer modules exerts a signi?cant force on 
Wires under vibration. Other advantages may result from 
replacing multiple Wires With a single ribbon or loWer 
number of ribbons. For example, it is common to pull-test 
Wires after bonding to determine the quality of the bond. As 
the number of Wires on a die increases, the time to pull-test 
all the Wires on the die increases and/or the number of 
pull-test devices needed increases. Consequently, if a single 
ribbon or loWer number of ribbons are used instead of Wires, 
time and/or costs may decrease. Also, by reducing the 
number of total bonds or stitches on the die, a loWer yield 
loss potential is possible due to loWer chances of forming a 
faulty or damaging bond on the die. It Was also observed that 
due to the loWer pressure, an aluminum ribbon does not 
penetrate as deep into the metaliZed area of a die, generally 
<1 micron, compared to a round Wire of comparable hard 
ness (>1 micron, depending on diameter and hardness). This 
too reduces the risk of damage to the underlying circuitry, 
offering the potential of a loWer yield loss, and therefore of 
loWer cost of manufacturing. 

[0068] Another improvement potential the rectangular rib 
bon geometry offers compared to the round Wire geometry 
is the ability to stack several ribbons on their bonds/stitches 
over each other, as shoWn in FIG. 11. Three ribbons 404 are 
shoWn stacked on stitches 500. Each subsequently stacked 
ribbon is bonded, e.g., ultrasonically, to a corresponding 
underlying bond or stitch 500. This alloWs the interconnect 
cross section to be further increased, While still keeping the 
height comparable that of a Wire. For example, up to three 
80 mil><8 mil ribbons can be stacked this Way in a poWer 
module application. With the trend to more efficient poWer 
semiconductors, die siZe is decreasing While current capa 
bility remains constant or even increases. This requires 
larger cross section interconnects. If the Width cannot be 
increased and/or the aspect ratio must be kept at a speci?c 
value, stacking Will still alloW to increase the interconnect 
cross section. With the present cutting system, the last stitch 
500-3 cannot be stacked, as the system needs a support 
underneath the tool during the cut move, and therefore there 
Would not be suf?cient space in a discrete poWer package for 
this method. HoWever this limitation could be overcome 
With an appropriate design of the cut mechanism. Note that 
this aspect of the invention does not require stacking on 
ribbons With multiple stitches; stacking over ribbons With a 
single bonded stitch also provides advantages, as discussed 
above. 

[0069] The above-described embodiments of the present 
invention are merely meant to be illustrative and not limit 
ing. It Will thus be obvious to those skilled in the art that 



US 2004/0217488 A1 

various changes and modi?cations may be made Without 
departing from this invention in its broader aspects. For 
example, the bonding of a semiconductor die to a package 
is described above. HoWever, ribbon bonding can also be 
betWeen tWo elements in an electronic module, of Which 
one, both, or none are a semiconductor die. Further, the 
bonding is described primarily With regards to ultrasonic 
bonding, and to a lesser degree, thermosonic bonding. 
HoWever, other boding processes that are suitable for use 
With the ?exible ribbon discussed herein may also be used, 
such as thermocompression. Bonding may be the of the 
same or different types for both die-to-ribbon and lead-to 
ribbon. Therefore, the appended claims encompass all such 
changes and modi?cations as fall Within the true spirit and 
scope of this invention. 

What is claimed is: 
1. An electronic package, comprising: 

an electronic device having a conductive upper surface; 

a conductive terminal external to the electronic device; 
and 

a conductive ribbon ultrasonically bonded to a ?rst por 
tion of the conductive upper surface and bonded to the 
conductive terminal. 

2. The electronic package of claim 1, Wherein the elec 
tronic device is a semiconductor device. 

3. The electronic package of claim 2, Wherein the semi 
conductor device is a poWer MOSFET die, a diode, or an 
insulated gate bipolar transistor. 

4. The electronic package of claim 1, Wherein the con 
ductive ribbon is bonded at multiple contact areas of the 
conductive upper surface. 

5. The electronic package of claim 1, further comprising: 

a second conductive terminal external to the electronic 

device; and 

a second conductive ribbon parallel to the ?rst conductive 
ribbon and ultrasonically bonded to the conductive 
upper surface and the second conductive terminal. 

6. The electronic package of claim 1, Wherein the con 
ductive ribbon has a rectangular cross section. 

7. The electronic package of claim 1, Wherein the con 
ductive ribbon and the conductive upper surface are alumi 
num. 

8. The electronic package of claim 1, Wherein the con 
ductive ribbon comprises a ?rst layer contacting the con 
ductive upper surface and a second layer overlying the ?rst 
layer. 

9. The electronic package of claim 8, Wherein the ?rst 
layer is aluminum and the second layer is copper. 

10. The electronic package of claim 9, Wherein the ?rst 
layer is thinner than the second layer. 

11. The electronic package of claim 8, Wherein the con 
ductive layer further comprises a third layer overlying the 
second layer. 

12. The electronic package of claim 8, Wherein the ?rst 
layer and the conductive upper surface comprise the same 
material. 

13. The electronic package of claim 1, Wherein the ribbon 
is bonded and cut along a line parallel to a side of the 
conductive upper surface and the conductive terminal. 

14. The electronic package of claim 1, Wherein the Width 
of the ribbon is betWeen approximately 20 mil and 100 mil. 
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15. The electronic package of claim 1, Wherein the 
thickness of the ribbon is betWeen approximately 2 mil and 
10 mil. 

16. The electronic package of claim 1, Wherein the aspect 
ratio of the ribbon is approximately 10. 

17. The electronic package of claim 1, Wherein the 
conductive terminal is part of a semiconductor die. 

18. The electronic package of claim 1, Wherein the 
conductive terminal is part of a lead frame. 

19. The electronic package of claim 4, Wherein the 
multiple contact areas are betWeen gate ?ngers. 

20. The electronic package of claim 1, further comprising 
a second conductive ribbon overlying the conductive ribbon. 

21. The electronic package of claim 20, Wherein the 
second ribbon is ultrasonically bonded to the ?rst portion of 
the conductive surface. 

22. A semiconductor die package, comprising: 

a semiconductor die having an upper conductive surface; 

a conductive lead external to the die; and 

a ?exible ribbon electrically connecting the upper con 
ductive surface to the lead, Wherein the ribbon is 
bonded to the upper conductive surface at multiple 
areas and Wherein the ribbon forms at least one loop 
over the die. 

23. The die package of claim 22, Wherein the die is a 
poWer MOSFET. 

24. The die package of claim 22, Wherein the bonds are 
formed by ultrasonic bonding. 

25. The die package of claim 22, Wherein the ribbon has 
a rectangular cross section. 

26. The die package of claim 22, further comprising: 

a second conductive lead external to the die; and 

a second ?exible ribbon parallel to the ?rst ?exible 
electrically connecting the upper conductive surface to 
the second lead, Wherein the second ribbon is bonded 
to the upper conductive surface at multiple areas and 
Wherein the second ribbon forms at least one loop over 
the die. 

27. The die package of claim 26, Wherein the ?rst and 
second conductive leads are the same. 

28. The die package of claim 22, Wherein the ribbon 
comprises a bonding layer and a conductive layer overlying 
the bonding layer. 

29. The die package of claim 22, further comprising a 
second conductive ribbon overlying the ?exible ribbon. 

30. The die package of claim 29, Wherein the second 
conductive ribbon is bonded to at least one of the multiple 
areas. 

31. The die package of claim 22, Wherein the bonds are 
formed by thermosonic bonding or thermocompression. 

32. A method of electrically connecting an electronic 
device to an external lead, comprising: 

ultrasonically bonding a ?rst portion of a ribbon to a ?rst 
portion on a conductive upper surface of the device; 
and 

bonding a second portion of the ribbon to the external 
lead. 

33. The method of claim 32, Wherein the electronic device 
is a semiconductor die. 
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34. The method of claim 32, further comprising ultrasoni 
cally bonding a third portion of the ribbon to a second 
portion on the conductive upper surface of the device. 

35. The method of claim 32, further comprising: 

ultrasonically bonding a ?rst portion of a second ribbon to 
a second portion on the conductive upper surface of the 
device; and 

bonding a second portion of the second ribbon to the 
external lead. 

36. The method of claim 32, Wherein the ultrasonically 
bonding is performed With a bond tool having a diamond 
shaped pattern. 

37. The method of claim 32, further comprising cutting 
the ribbon after the bonding. 

38. The method of claim 37, Wherein the ultrasonic 
bonding and cutting are along parallel lines and may be 
performed at different angles. 

39. The method of claim 32, Wherein the ribbon comprises 
a bonding layer and a conductive layer overlying the bond 
ing layer. 

40. The method of claim 39, Wherein the ribbon further 
comprises a coupling layer overlying the conductive layer. 

41. The method of claim 32, Wherein the conductive upper 
surface is aluminum. 
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42. The method of claim 39, Wherein the bonding layer 
comprises aluminum and the conductive layer comprises 
copper. 

43. The method of claim 35, Wherein the ?rst and second 
ribbon are parallel to each other. 

44. The method of claim 34, Wherein the ?rst and second 
portions on the conductive surface are betWeen gate ?ngers. 

45. The method of claim 32, further comprising ultrasoni 
cally bonding a ?rst portion of a second ribbon to the ?rst 
portion on the conductive surface, Wherein the second 
ribbon overlies the ribbon. 

46. A method of electrically connecting an electronic 
device to an external lead, comprising: 

bonding a ?rst portion of a ?eXible conductive ribbon to 
a ?rst portion on a conductive upper surface of the 

device; and 
bonding a second portion of the ribbon to the eXternal 

lead. 
47. The method of claim 46, Wherein the bonding of the 

ribbon is by thermosonic bonding or thermocompression. 
48. The method of claim 46, further comprising bonding 

a third portion of the ribbon to a second portion on the 
conductive upper surface of the device. 

* * * * * 


