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(57) ABSTRACT 
A rnultichip Wirebond-less integrated circuit and poWer die 
package is based on a folded single-layer ?ex circuit. The 
package is formed With rnetal-studburnped poWer dies and 
IC’s ?ipchiped to a patterned ?ex substrate. Extensions of 
the ?ex substrate are folded and attached to the backside of 
the dies for electrical and/or thermal contact. I/O pins are 
along the periphery of the package for standard SMT rnount 
ing While heatspreaders are attached to both sides of the 
package for double-sided cooling. 
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FOLDED-FLEX BONDWIRE-LESS MULTICHIP 
POWER PACKAGE 

FIELD OF THE INVENTION 

[0001] The present invention relates to an integrated 
power module, in particular to a folded ?ex bondWire-less 
multichip power package for high poWer densities. 

BACKGROUND OF THE INVENTION 

[0002] Applications demanding high-poWer conversion 
such as voltage regulators for microprocessors, automotive 
electronics and telecommunications have introduced a trend 
to achieve higher poWer densities at loWer cost. Conse 
quently, to meet future poWer density requirements, inte 
grated poWer module solutions rather than traditional dis 
crete solutions are required. Integration of poWer electronics 
components (eg devices, IC’s, passives etc.) in a module 
format is, hoWever, complicated by the presence in the 
module of a Wide variety of materials. 

[0003] Only recently, tWo commercial state-of-the-art 
multichip poWer packages for DC-DC poWer conversion 
have emerged, offering an integrated system solution. 

[0004] A ?rst kind of commercial package for voltage 
regulator applications involves a packaging architecture 
using ball grid array (BGA) technology. In a small footprint 
area of 11 mm><11 mm, a module using BGA technology 
houses, for example, tWo metal oxide semiconductor ?eld 
effect transistors (MOSFET’s), a driver chip and a feW 
passive components on) a multilayer printed circuit board 
(PCB) substrate. FIG. 1A is a partial cross section of a 
package 101 of this kind, Which includes a MOSFET 102 
and a passive component 103 on a multilayer PCB 104. 
Inside the package 101, interconnections to the MOSFET 
102 are made With Wirebonds 105, and copper traces 106 are 
connected to BGA solder bumps 107 on the back of the 
package 101 for board attachment. The connection to the 
BGA solder bumps 107 is by Way of copper layers of the 
multilayer PCB 104. Molding compound 108 ?lls the pack 
age 101. The package thickness is 3 mm or greater. 

[0005] A second commercial multichip package contains 
MOSFET’s and an IC Within an area of 10 mm><10 mm, 
providing an integrated solution for voltage regulators for 
microprocessors. The package is based on a design, Which 
uses a leadframe etched into a substrate, such as the 
MicroIJeadFrameTM (MLF) technology of Amkor Technol 
ogy, Inc. of West Chester, Pa. FIG. 1B is a vieW of a package 
109 using MLF technology, Which includes a copper lead 
frame 116 on Which a die 111, attached With a die attachment 
material 112 to an exposed die paddle 113, is mounted. 
Device interconnections inside the package are achieved 
With Wirebonds 114, 115. The contacts (not shoWn) on the 
copper leadframe 116 are brought straight doWn to a PCB on 
Which the package 109 is mounted. Molding compound 117 
?lls the package 109. The thickness of the package is 0.9 

[0006] PoWer MOSFET dies contain three terminals (gate, 
source and drain) and thus only require a feW terminal 
connections at the package level. Multichip solutions, hoW 
ever, such as those of FIG. 1A and FIG. 1B use, respec 
tively, standard IC packages such as 132-solder bump BGA 
and 68-lead MLF. A 68-lead MLF pin connection and board 
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layout design for the second type of commercial package is 
shoWn in FIG. 2A. In FIG. 2A the MLF package 201 
comprises a split leadframe 202 and MLF pins 203. In FIG. 
2B a solder bump BGA package 204 has array of BGA 
solder balls 205. 

[0007] As can be seen, in particular, from FIGS. 2A and 
2B, these standard IC packages for poWer devices lead to a 
signi?cant number of connection redundancies. Moreover, 
these designs have reached the limit of pitch requirement for 
board layout. For example, the lead connections for the 
commercial package using MLF technology require a pitch 
of 0.5 mm, Which Would be impossible to pattern on any 
copper plane thicker than 2 OZ. Furthermore, complex lead 
connections and tight pitch requirements of these packages 
also complicate the thermal via design on the board, Which 
is essential for proper thermal management. 

[0008] Both presently available commercial packages use 
multiple Wirebonds per device and IC interconnections to 
reduce the effects of high resistance of the Wirebonds. 
Adding more parallel Wires to reduce electrical resistance 
ultimately, hoWever, reaches a limit (2-3 m9) and the 
process becomes signi?cantly expensive. 

[0009] There are then several areas for improvement over 
the design of the commercial packages noW available. The 
structure of the module can be adapted to provide better 
thermal management. The module can be made thinner. 
More devices can be accommodated. The expense of pro 
viding multiple Wire bonds to reduce electrical resistance 
can be reduced or avoided. Assembly of the package can be 
simpli?ed if the number of pin connections or leads is 
reduced. 

[0010] Hence, objects of the present invention are, among 
other things, improved heat transfer, decreased thickness of 
multichip poWer modules, alloWing increased integration of 
functionalities Within a poWer module package, eliminating 
Wirebonds, alloWing a design Without leads, and simplifying 
I/O pin connections. 

[0011] These and still further objects of the present inven 
tion Will become apparent upon considering the folloWing 
detailed description of the present invention. 

SUMMARY OF THE INVENTION 

[0012] Therefore, the present invention provides an elec 
tronic assembly or module Which includes a multichip 
semiconductor package based on a folded single-layer ?ex 
circuit, Without a leadframe. Flipchip studbumped semicon 
ductor poWer dies and IC dies are attached to a patterned ?ex 
substrate; extensions of the ?ex substrate are folded and 
attached to the backside of the dies for electrical and thermal 
contact. The entire package is plastic molded and only the 
copper contact pads at the bottom of the ?ex substrate are 
exposed for standard surface mount attachment to any 
board. 

[0013] A?ipchip studbumped semiconductor die is one in 
Which the die is electrically connected, through a conductive 
“bump” on the die surface, to a package carrier so that the 
package carrier provides connection from the die to the 
package exterior. The package carrier may, for example, be 
a substrate or leadframe. 
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[0014] In the present invention, the studbumps provide 
very short and loW resistance paths (less than 1 m9) for the 
device interconnects. Moreover, package inductance of the 
devices With studbumps can be reduced to 0.1 nH compared 
to 1 nH for a Wirebond. Hence, in high-frequency applica 
tions, the packages of the present invention generate sig 
ni?cantly less noise than the state-of-the-art solutions. 

[0015] The present invention signi?cantly improves ther 
mal management over that offered by the existing solutions. 
Devices in the package are attached to a continuous ?ex 

substrate. Unlike a split leadframe (shoWn in FIG. 2A for an 
MLF module), heat generated from an individual device 
mounted on a continuous ?ex substrate has a Wider area for 

dissipation. 

[0016] The present invention also alloWs double-sided 
cooling as a result of its three-dimensional package archi 
tecture. PoWer MOSFET’s have drain connections on the 
backside of the dies. In conventional packaging approaches 
(e.g. BGA and MLF packages), the die is attached face-up 
on the substrate to alloW for heat dissipation through the 
drain pads. Wirebonds used for attaching the source and gate 
pads (on the topside of the dies) provide only a limited 
channel to extract the heat from the die-topside. In an 

embodiment of the present invention, the devices are placed 
face doWn (?ipchip) on the substrate With gold metal bumps 
on the source and gate, thus providing more immediate 

thermal dissipation paths to the board. The ?ex-substrate is 
also folded and attached to the drain contacts, thus adding 
another channel for heat dissipation to the substrate. 
Because of its three-dimensional construction, the package 
offers improved thermal dissipation from both sides of the 
devices in a very small board area. Heatspreaders may be 
attached to either or both sides of the package. At the same 

time, ?ipchip studbumps offer shorter interconnects, thus 
loWering resistance heating as Well as parasitic noise com 
pared to conventional Wirebond packages. 

[0017] The structure of the present invention With its 
?ipchip-bumped devices provides a much thinner package 
for multichip poWer-modules than commercial packages 
noW available. Thickness of a conventional poWer package 
is primarily dictated by the loop-height of the Wirebond 
interconnections. Using ?ipchip-bumped devices and folded 
?ex, the present invention can achieve a package pro?le of 
less than 0.6 mm, Which is a signi?cant improvement over 
the 3 mm for the package using BGA technology and the 0.9 
mm thickness of the MLF packages. 

[0018] The number of required pin connections for board 
attachment is also signi?cantly reduced compared to the 
existing solutions. 

[0019] Copper pads in the present invention can be thicker 
than 2 OZ., making possible a larger pitch for the lead 
connections. Larger pads and pitch (1 mm or higher) alloW 
easier SMT (surface mount technology) operations. 

[0020] These and other aspects of the invention Will be 
apparent from and elucidated With reference to the embodi 
ment(s) described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 
[0022] FIG. 1A shoWs a commercially available product 
using BGA technology. 

[0023] FIG. 1B shoWs a commercially available product 
using MLF technology. 

[0024] FIG. 2A shoWs pin connections/board layout 
designs for a commercially available MLF-based package. 

In the draWings: 

[0025] FIG. 2B shoWs pin connections/board layout 
designs for a commercially available BGA-based package. 

[0026] FIG. 3 is an inside vieW of an embodiment of the 
present invention. 

[0027] FIG. 4 is a plan vieW of a face doWn (?ipchip) die 
attached on a patterned ?ex substrate. 

[0028] FIG. 5 illustrates folding of the ?ex-substrate and 
attachment to the die-backside. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] FIG. 3 is an inside vieW of an embodiment of a 
folded ?ex, bondWire-less multichip poWer package in 
accordance With the claimed invention. Devices, including 
semiconductor poWer dies and IC dies 301, 301‘, 301“, 301“‘ 
etc. are attached to a main portion 306 of a continuous ?ex 
substrate 302. The devices 301, 301‘, 301‘, 301“‘ etc., on the 
face of each device die, have device pads (not shoWn) With 
?ipchip bumps. Extensions 303 and 303‘ of the ?ex substrate 
302 are folded over, respectively, devices 301 and 301‘ and 
devices 301“ and 301“‘. The ?ex substrate is provided With 
copper contact pads on its bottom surface (not visible in 
FIG. 3) and With connections 304 for board attachment. A 
molding compound is formed around the package in the 
shape 305 of an elongated rectangular box. 

[0030] Flex substrates for semiconductor packaging are 
laminates Which, typically, include layers of solder mask, 
copper and polymer ?lm, such as the polyimide ?lms sold by 
El duPont de Nemours and Co. under the trademark Kap 
ton®. 

[0031] FIG. 4 is a plan vieW of a face doWn (?ipchip) die 
attached on a patterned ?ex substrate. A patterned ?ex 
substrate 402 has connections 404 for board attachment and 
has extensions 403, 403‘ for die backside attachment. The 
extensions 403, 403‘ have, respectively, ?rst parts 406, 406‘ 
and second parts 407, 407‘. The ?rst parts 406, 406‘ each 
have an edge adjacent and parallel to an edge of a main 
portion 409 of the patterned ?ex substrate 402, to Which 
main portion 409 the topsides of the device dies 401 are 
attached. Each ?rst part 406, 406‘ is covered by solder mask. 
The second parts 407, 407‘ have the copper layer of the 
substrate 402 at least partially exposed and are contiguous 
With their respective ?rst parts 406, 406‘ and extend from the 
?rst parts 406, 406‘ to the ends of the respective extensions 
403, 403‘, Which are farthest from the main portion 409 of 
the patterned ?ex substrate 402. 

[0032] Initially, the ?ipchip bumps (e.g. gold studs) are 
produced on the device pads on the face of the device dies 
401. This preparation is accomplished at the Wafer level. 
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[0033] A method of fabricating the packaging structure 
includes three steps, as can be seen from FIG. 4 and FIG. 
5. 

[0034] The bumped device dies 401 are ?rst attached to 
the patterned ?ex substrate 402 as shoWn in FIG. 4. Ther 
mally conductive epoxy is dispensed on the patterned sub 
strate. Using a pick and place machine, the bumped device 
dies 401 are then loWered through to the epoxy and placed 
accurately on the contact pads of the substrate. A thermo 
compression process is used to establish physical contacts of 
the studbumps to the copper pads on the ?ex substrate. The 
thermo-compression process also acts as the curing process 
of the thermally conductive epoxy, thus achieving robust 
?ipchip interconnections With under?lling in just one pro 
cessing step. 

[0035] Second, the second parts of the extensions (407, 
407‘ in FIGS. 4 and 507, 507‘ in FIG. 5) of the ?ex substrate 
are folded as shoWn by the arroWs 508, 508‘ in FIG. 5. 

[0036] Third, the second parts of the extensions (407, 407‘ 
in FIGS. 4 and 507, 507‘ in FIG. 5) are attached to the 
die-backsides 501, using, for example, an epoxy or solder. 
The patterned traces of the second part of the extended ?ex 
substrate keep the backsides 501 of the MOSFET dies and 
other device dies isolated. 

[0037] Use in the present invention of a conductive epoxy, 
such as silver ?lled epoxy, to attach the extensions 507, 507‘ 
to the die backsides 501 alloWs a package that does not 
contain lead. 

[0038] The structure is then encapsulated With molding 
compound, covering the entire thickness from the ?ex 
substrate to, at least, the surface as shoWn in FIG. 5. Only 
the connections on the backside of the ?ex substrate are 
exposed for standard SMT board attachment process. 

[0039] A number of variations on the package implemen 
tation are possible. Solder bumps, instead of gold stud 
bumps, can also be used on the devices to achieve device 
interconnections in the proposed structure. In that case, a 
solder re?oW and an under?lling process may be used to 
attach the devices to the ?ex substrate. Nevertheless, solder 
bumps require depositing solderable metalliZation (e.g. 
Ti—Ni—Au/Ag) on the Al contact pads of the devices. 

[0040] Another example of variation in the package imple 
mentation is attaching ?exible copper straps to the drain of 
the individual devices using epoxy or solder, instead of 
folding the patterned extensions of the substrate. These 
straps Will connect the drain pads of the MOSFET’s to their 
respective contact pads on the ?ex substrate. 

[0041] “Comprising” does not exclude other elements or 
steps. “A” or “an” does not exclude a plurality. A single 
processor or other unit may ful?ll the functions of several 
means recited in the claims. 

What is claimed is: 
1. An electronic assembly comprising: 

a package carrier comprising a ?exible substrate (302), 

the substrate (302) comprising at least a copper layer 
betWeen a polymer layer and a solder mask layer; 

the substrate (302) having a main portion (306) and at 
least one extension (303); 
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at least one semiconductor die (301) mounted on a surface 
of the main portion (306) of the substrate (302), 

the at least one semiconductor die (301) having studbump 
electrical connections; and 

the at least one extension (303) being folded to extend 
over part of the substrate (302), said part including the 
at least one semiconductor die (301). 

2. The electronic assembly of claim 1, further comprising 
one or more electrical contact pads, said contact pads being 
formed of a part of the copper layer, said part being exposed 
to the exterior of the assembly on a second surface of the 
main portion (306) of the substrate (302), said contact pads 
being the only electrical contacts on the exterior of the 
assembly. 

3. The electronic assembly of claim 1, Wherein the thick 
ness of the assembly is less than 0.9 mm. 

4. The electronic assembly of claim 3, Wherein the thick 
ness of the assembly is 0.6 mm or less. 

5. The electronic assembly of claim 1, further comprising 
one or more electrical contact pads, said contact pads being 
formed of a part of the copper layer exposed to the exterior 
of the assembly on a second surface of the main portion 
(306) of the substrate (302), the at least one semiconductor 
die (301) and contact pads being interconnected Without 
Wirebonds. 

6. The electronic assembly of claim 1, Wherein the at least 
one extension (303) does not extend over all of the main 
portion (306) of the substrate (302). 

7. The electronic assembly of claim 1 further comprising 
a second extension (303‘), the second extension (303‘) being 
folded to extend over a second part of the main portion (306) 
of the substrate (302), a second at least one semiconductor 
die (301“) being mounted on said second part. 

8. The electronic assembly of claim 7, Wherein the at least 
one extension (303) and second extension (303‘) do not 
extend over all of the main portion (306) of the substrate 
(302). 

9. An electronic assembly comprising: 

a ?exible substrate (402), having a main portion (409) and 
at least one extension (403), 

the at least one extension (403) comprising a ?rst part 
(406) and a second part (407), 

the ?rst part (406) being betWeen the second part (407) 
and the main portion (409) of the substrate (402); and 

at least one semiconductor die (401) having a topside and 
a backside, the topside being opposite the backside and 
mounted on a surface of the main portion (409) of the 
substrate (402), 

the ?rst part (406) being folded and the second part (407) 
being attached on the surface of the substrate (402) to 
the backside of the semiconductor die (401). 

10. The electronic assembly of claim 9, Wherein the at 
least one semiconductor die (401) is a MOSFET comprising 
source, gate and drain connections, the source and gate 
connections being on the topside and the drain connection 
being on the backside. 

11. The electronic assembly of claim 9, Wherein the at 
least one semiconductor die (401) comprises electrical con 
nections, said electrical connections being studbumps. 
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12. The electronic assembly of claim 9, Wherein the 
substrate (402) comprises at least a copper layer betWeen a 
polymer layer and a solder mask layer, the substrate (402) 
further comprising one or more electrical contact pads, said 
contact pads being formed of a part of the copper layer, said 
part being exposed to the exterior of the assembly on a 
second surface of the main portion (409) of the substrate 
(402), said surface extending parallel to the topside and said 
contact pads being the only contact pads on the exterior of 
the assembly. 

13. The electronic assembly of claim 9, Wherein the 
thickness of the assembly is less than 0.9 mm. 

14. The electronic assembly of claim 13, Wherein the 
thickness of the assembly is 0.6 mm or less. 

15. The electronic assembly of claim 9, Wherein the 
substrate (402) comprises at least a copper layer betWeen a 
polymer layer and a solder mask layer, the substrate (402) 
comprising one or more electrical contact pads, said contact 
pads being formed of a part of the copper layer, said part 
being exposed to the exterior of the assembly on a second 
surface of the main portion (409) of the substrate (402), said 
surface extending parallel to the topside and said contact 
pads being interconnected Without Wirebonds. 
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16. The electronic assembly of claim 9, Wherein a lead 
frame is not provided. 

17. A method of assembling an electronic module com 
prising: 

attaching a bumped device die (401) to a ?ex substrate 
(402) at a ?rst surface of the bumped device die (401); 

folding a ?rst extension (406) of the ?ex substrate (402) 
to bring a second extension (407) of the ?ex surface 
over a second surface of the bumped device die (401); 
and 

attaching the second extension (407) to the second surface 
of the bumped device die (401). 

18. The method of claim 17, Wherein the bumped device 
die (401) comprises gold studbumps. 

19. The method of claim 17, Wherein the bumped device 
die (401) comprises solder bumps. 

20. The method of claim 17, further comprising encap 
sulating the module in molding compound. 

* * * * * 


