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(57) ABSTRACT 

Correspondence Address: A leadframe Suitable for use in the packaging of at least two 
Beyer Law Group LLP/NSC integrated circuit dice into a single integrated circuit package 
P.O.BOX 1687 is described. The leadframe includes a plurality of leads. Each 
Cupertino, CA 95.015-1687 (US) of a first set of the plurality of leads has a first side and a 

second side substantially opposite the first side of the lead. 
(73) Assignee: NATIONAL SEMCONDUCTOR Additionally, each of the first and second sides of the first set 

CORPORATION, Santa Clara, CA of leads each include at least two solder pads. Each solderpad 
(US) on a lead of the first set of leads is isolated from other solder 

pads on the same side of the lead with at least one recessed 
(21) Appl. No.: 11/961,842 region adjacent the solder pad. In various embodiments, I/O 

pads from at least two dice are physically and electrically 
(22) Filed: Dec. 20, 2007 connected to the opposing sides of the leads. 
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METHOD AND LEADFRAME FOR 
PACKAGING INTEGRATED CIRCUITS 

TECHNICAL FIELD 

0001. The present invention relates generally to the pack 
aging of integrated circuits (ICs). More particularly, an IC 
package is described that includes two IC dice that share 
common leads. 

BACKGROUND OF THE INVENTION 

0002 There are a number of conventional processes for 
packaging integrated circuit (IC) dice. By way of example, 
many IC packages utilize a metallic lead frame that has been 
stamped or etched from a metal sheet to provide electrical 
interconnects to external devices. The die may be electrically 
connected to the lead frame by means of bonding wires, 
solder bumps, or other suitable electrical connections. In 
general, the die and portions of the lead frame are encapsu 
lated with a molding material to protect the delicate electrical 
components on the active side of the die while leaving 
selected portions of the lead frame exposed to facilitate elec 
trical connection to external devices. 
0003. In some applications, it is desirable to leave the back 
Surface (opposite the active surface) of the die exposed; that 
is, not to encapsulate the back Surface of the die with molding 
material. By way of example, it may be desirable to leave the 
back surface of the die exposed in order to increase heat 
dissipation out of the die. This is especially relevant for pack 
ages used in power applications. Increasing heat dissipation 
out of an IC die generally results in greater device perfor 
mance and stability. 
0004 While existing arrangements and methods for pack 
aging IC devices work well, there are continuing efforts to 
improve the thermal performance of IC devices. 

SUMMARY OF THE INVENTION 

0005. In one aspect, an integrated circuit package is 
described that includes two dice. The active surface of each 
die includes a plurality of I/O pads. The active surface of the 
first die is positioned adjacent first sides of the leads of a 
leadframe such that I/O pads from the first die are arranged 
adjacent corresponding Solder pads on the first sides. Simi 
larly, the active surface of the second die is positioned adja 
cent second sides of the leads opposite the first Surfaces Such 
that I/O pads from the second die are arranged adjacent cor 
responding solder pads on the second sides. Each of a first set 
of selected leads includes at least two solder pads on each of 
the first and second sides of the lead. Each solder pad on a 
selected lead is isolated from other solder pads on the same 
side of the lead with at least one recessed region adjacent the 
solder pad. A plurality of solder joints are arranged to physi 
cally and electrically connect I/O pads from the first or second 
die to associated adjacent solder pads on the leads. The Solder 
from each solder joint that contacts an associated Solder pad 
Surface on a selected lead is confined to the solderpad Surface 
by one or more adjacent recessed regions. In this way, a single 
leadframe can be utilized to package two dice, one on either 
side of the leads of the leadframe. 
0006. In another aspect, a method of packaging at least 
two integrated circuit dice into a single integrated circuit 
package utilizing a single leadframe is described. A first die is 
positioned onto a first side of a leadframe such that I/O pads 
on the first die are positioned adjacent corresponding Solder 
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pads on first sides of selected leads of the leadframe. Solder 
bumps positioned between the I/O pads on the first die and the 
solder pads on the first sides of the leads are then reflowed to 
produce a first plurality of solder joints that physically and 
electrically connect the first die to the leads of the leadframe. 
Subsequently, the leadframe is positioned onto a set of spac 
ers such that the first die is below the leadframe. The spacers 
are arranged to Support the leadframe Such that the die does 
not have to contact any other Surface. A second die is posi 
tioned onto a second side of the leadframe opposite the first 
side of the leadframe such that I/O pads on the second die are 
positioned adjacent corresponding solder pads on second 
sides of the selected leads of the leadframe. Solder bumps 
positioned between the I/O pads on the second die and the 
solder pads on the second sides of the leads are then reflowed 
to produce a second plurality of solder joints that physically 
and electrically connect the second die to the leads of the 
leadframe. The spacers support the leadframe such that dur 
ing the second reflowing the first plurality of solder joints are 
not compressed by the weight of the leadframe and are thus 
able to retain their shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 For a better understanding of the invention, refer 
ence should be made to the following detailed description 
taken in conjunction with the accompanying drawings, in 
which: 
0008 FIGS. 1A-D illustrate diagrammatic first cross-sec 
tional side, second cross-sectional side, cross-sectional top 
and bottom views, respectively, of an IC package in accor 
dance with an embodiment of the present invention. 
0009 FIGS. 2A-B illustrate diagrammatic cross-sectional 
side views of the IC package of FIG. 1 mounted on a printed 
circuit board in accordance with an embodiment of the 
present invention. 
0010 FIGS. 3A-B illustrate diagrammatic cross-sectional 
side and cross-sectional top views, respectively, of a three-die 
package in accordance with an embodiment of the present 
invention. 
0011 FIG. 4 is a flow chart illustrating a process of pack 
aging integrated circuit dice in accordance with an embodi 
ment of the present invention. 
0012 FIG. 5 illustrates an arrangement in which dice are 
mounted to each of two opposite sides of a leadframe. 
0013 Like reference numerals refer to corresponding 
parts throughout the drawings. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

0014. The present invention relates generally to the pack 
aging of integrated circuits (ICs). More particularly, an IC 
package is described that includes two IC dice that share 
common leads. 
0015. In the following description, numerous specific 
details are set forth to provide a thorough understanding of the 
present invention. It will be apparent, however, to one skilled 
in the art that the present invention may be practiced without 
some or all of these specific details. In other instances, well 
known process steps have not been described in detail in order 
to avoid unnecessary obscuring of the present invention. 
0016 Various embodiments of the present invention will 
be described with reference to FIGS. 1-2. Aspects of the 
present invention provide an IC package that utilizes a lead 
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frame in the packaging of at least two IC dice. The I/O pads on 
the active surfaces of the dice are physically and electrically 
connected with associated leads of the leadframe with solder 
joints. In some embodiments, the dice are packaged such that 
an exposed metallic layer deposited onto the back Surface of 
at least one of the dice remains uncovered by molding com 
pound used to encapsulate other portions of the dice, leads 
and solder joints. 
0017 Referring initially to FIGS. 1A-1D, an IC package 
100 is described. IC package 100 is particularly suitable for 
use in power applications. Generally, package 100 may be 
referred to as a flip-chip-on-lead (FCOL) type package. 
FIGS. 1A and 1B illustrate cross-sectional side views of 
package 100 taken along lines B-B and C-C, respectively, 
shown in FIG. 1C, which illustrates across-sectional top view 
of package 100 taken along line A-A of FIG. 1A. IC package 
100 includes a first bottom IC die 102 and a second top IC die 
104. In some embodiments, both of the dice 102 and 104 may 
be configured for use in power applications. 
0018. The first bottom die 102 and second top die 104 have 
active surfaces 106 and 108, respectively. The active surfaces 
106 and 108 are arranged so as to face one another and each 
include a plurality of bond pads 110 (although the die 102 
would be hidden from view, the perimeters of the die 102 and 
bond pads 110 associated with the die 102 are illustrated with 
a dotted line in FIG.1C). In some particular embodiments, the 
active surfaces 106 and 108 are mirror images of one another. 
More specifically, if the active surface 108 of the second top 
die 104 is positioned over and adjacent the active surface 106 
of the first bottom die 102, the bond pads 110 on the active 
surface 108 of the top die 104 may align with corresponding 
similar functioning bond pads 110 on the active surface 106 of 
the bottom die 102. The bond pads 110 may be the original 
bond pads on the active surface of the die 102 or other input/ 
output (I/O) pads that have been redistributed from the bond 
pads using various redistribution techniques (hereinafter, 
bond pads will be used interchangeably with I/O pads). Addi 
tionally, in various embodiments, underbump metallizations 
(UBMs) may beformed on the bond pads 110 of the dice 102 
and 104 prior to solder bumping. 
0019. In various embodiments, the bottom IC die 102 
includes a thin metallic layer 112 deposited onto the back 
surface 114 of the die as best illustrated in FIG. 1D, which 
illustrates the bottom surface of the package 100. The thin 
metallic layer 112 may be formed from any suitable metal or 
metallic alloy. By way of example, the thin metallic layer 112 
may be an alloy of titanium, nickel and silver. The thin metal 
lic layer 112 may also be applied to the back surface 114 of the 
die 102 with any suitable means including, for example, 
sputtering. The metallic layer 112 may serve as a heat dissi 
pation medium for transferring thermal energy out of the die 
102. In various embodiments, the back surface 114 of the die 
102 is intended to be soldered directly to a desired substrate, 
such as a PCB, to provide for enhanced heat dissipation out of 
the die. Since solder does not generally adhere well to Si, the 
metallic layer may serve as an intermediary between the 
solder and the Si. In other embodiments, such as in analog 
applications, it is desirable to electrically connect the back 
Surface 114 of the die 102 to a PCB to allow control over the 
electrical potential of the back region of the die. In some 
embodiments, a similar thin metallic layer 116 is also depos 
ited onto the back surface 118 of the top die 104. 
0020 Package 100 additionally includes a leadframe hav 
ing a plurality of leads 120. Each lead 120 may be configured 
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as a power lead intended for coupling to an external power or 
ground line. By way of example, power leads 120 may be 
configured to carry at least approximately 1 Watt. In other 
applications, each power lead 120 may be configured to carry 
much higher powers. Each lead 120 includes an inner lead 
finger portion 120a, a middle lead portion 120b and an outer 
lead portion 120c. In various embodiments, the leads 120 are 
arranged such that the inner lead finger portions 120a are 
arranged in interlaced adjacent rows over the active Surface 
106 of the first bottom die 102. More specifically, the leads 
120 may be arranged such that the middle portion 120b and 
outer portion 120c of each lead 120 is positioned on an oppo 
site side of the die 102 as the middle and outer lead portions 
of the leads 120 immediately adjacent to the respective lead. 
0021. In the embodiment illustrated in FIGS. 1A-D, which 
illustrate a dual inline package (DIP) format, four leads 120 
are configured such that the four associated inner lead finger 
portions 120a are arranged in four interlaced rows over the 
active surface 106 of the bottom die 102. The outer portions 
120c of the corresponding leads 120 are arranged such that 
two of the outer portions 120c of the leads 120 extend from 
each of two opposite sides of the package 100. 
0022. Furthermore, a number of signal leads 122 may be 
provided in addition to the power leads 120. For example, in 
the illustrated embodiment, two signal leads 122 are pro 
vided. The illustrated leads are arranged on opposite sides of 
one end of the package 100. In other embodiments, package 
100 may include only one signal lead 122, while in still other 
embodiments, package 100 may include more than two signal 
leads 122. Leads 122 are generally intended for connection to 
signal or control lines and any Suitable number of signal leads 
122 may be present in package 100. The associated inner 
regions 122a of the leads 122 may be positioned in a single 
row over the active surface 106 of the bottom die 102 as 
illustrated in FIG. 1C. The outer portions 122c of the leads 
122 are arranged to extend from opposite sides of the package 
100. The described arrangement forms a DIP 100 having five 
rows of leads over the active surface 106 of the die 102 and six 
corresponding external outer lead portions 120c and 122c, 
three of which (two outer portions 120c and one outer portion 
122c) extend from each of two opposite sides of the package 
1OO. 

0023 Package 100 may also include a number of addi 
tional internal leads 124. Internal leads 124 may be used to 
connect associated bond pads 110 on the active surfaces 106 
and 108 of the two dice 102 and 104 with one another. In the 
illustrated embodiment, the internal leads 124 do not extend 
out of the package 100. The leads 124 enable the dice 102 and 
104 to communicate with one another. By way of example, in 
one embodiment, one of the dice 102 or 104 may serve as a 
master chip that regulates the operations of the other die. In 
one alternate embodiment, bond pads 110 on each of the 
respective dice 102 and 104 may be connected with one 
another with larger Solder joints that span the gap between 
associated bond pads 110 on each of the respective dice 
thereby eliminating the need for the leads 124. 
0024. Each of the inner lead portions 120a and 122a and 
the internal leads 124 includes at least one conductive solder 
pad 126. The inner lead portions 120a and 122a are arranged 
Such that the solder pads 126 are positioned adjacent corre 
sponding bond pads 110 on the active surfaces 106 and 108 of 
the dice 102 and 104, respectively. Each bond pad 110 is 
physically and electrically connected to one of the associated 
leads 120, 122 or 124 with a solder ball joint 128. In various 
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embodiments, the outer portions 120c and 122c of the leads 
120 and 122 additionally include package contacts 130 on the 
bottom surfaces of the leads. In some embodiments, the leads 
120, 122 and 124 may be etched, half-etched, or otherwise 
thinned relative to the solder pads 126 and/or package con 
tacts 130 as will be described in more detail below. 

0025. It many embodiments, a single lead 120 or 122 may 
be electrically and physically connected with one or more 
bond pads 110 on each of the dice 102 and 104, as illustrated 
in FIGS. 1A and B. This leadframe arrangement especially 
facilitates the packaging of dice 102 and 104 whose respec 
tive active surface 106 and 108 and associated bond pads 110 
are mirror images of one another. More specifically, a single 
lead 120 or 122 may be used to bias bond pads 110 on both 
dice 102 and 104 simultaneously. 
0026. In various embodiments, one or more leads 120 are 
each connected with multiple I/O pads 110 on each of the 
active surfaces 106 and 108 of the dice 102 and 104. By way 
of example, a single inner lead finger 120a may include 
multiple solder pads 126, each of which is to be physically 
and electrically bonded to one of multiple I/O pads 110 des 
ignated for connection with power or ground lines, which 
typically carry higher current and power. The number of I/O 
pads 110 connected with each lead 120 may vary widely. By 
way of example, anywhere from 1 to 8 I/O pads 110 on each 
die 102 and 104 may be connected with corresponding solder 
pads 126 on a single lead 120. In some high power applica 
tions, an even greater number of I/O pads may be connected 
with a single lead 120. In the embodiment illustrated in FIGS. 
IA-D, the leads 120 that are intended for connection to higher 
current power or ground lines and are each connected with 
three corresponding I/O pads 110 on each of the top and 
bottom dice 104 and 102. In contrast, the leads 122 are gen 
erally intended for connection to signal or control lines and 
are each connected with a single I/O pad 110 on each of the 
top and bottom dice 104 and 102 via a single solderjoint 128. 
0027. In some embodiments, the leads may be etched to 
form recessed regions 121 around the solder pads 126 on both 
sides of the leads 120 in order to prevent the spread of solder 
between adjacent solder pads 126 and along other Surfaces of 
each lead. The recessed regions 121 essentially form a moat 
around each solder pad 126 that serves to isolate the solder 
pad from the rest of the associated lead surfaces. The recessed 
regions 121 may beformed by any suitable means. By way of 
example, the recessed regions 121 may be formed by etching 
the top surface of the lead frame panel. The formation and use 
of recessed regions to isolate solder pads is described in more 
detail in U.S. patent application Ser. No. 1 1/691,429, which is 
incorporated by reference herein. 
0028. Each recessed region 121 is recessed sufficiently 
from the surface of the solder pads of the associated leads to 
prevent flux and solder from spreading to undesired Surfaces 
of the lead 120. More particularly, the recessed regions 121 
are preferably etched sufficiently deep such that the spread of 
flux or solder is limited to the solder pads 126 by the surface 
tension of the flux or solder, respectively. By way of example, 
the recessed regions 121 are preferably recessed to a depth in 
the range of approximately 2 to 4 mils in typical lead frame 
designs although deeper or shallower recessed regions may 
be provided. In one preferred embodiment the recessed 
regions on both sides of the leads are half-etched simulta 
neously thus saving valuable processing time. The aforemen 
tioned recess depths work well for a variety of solder pad 
geometries and sizes. 
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0029. It should be appreciated that the resulting “raised 
solder pads limit the spread of solder since (a) they tend to 
define the areas cleaned by flux, and (b) the surface tension of 
the solder tends to further help prevent the solder from 
extending beyond the edges of the Solder pads 212. 
0030. In one embodiment, the recessed regions 121 are 
etched such that the solderpads 126 are substantially circular. 
In an alternate embodiment, the solder pads 126 may be 
Substantially oval, rectangular or square (with or without 
rounded corners). However, in many applications it is prefer 
able to have substantially circular solder pads rather than 
rectangular solder pads or other solder pads having geom 
etries with sharp corners. More particularly, sharp corners 
may have the effect of counteracting the forces of surface 
tension that confine the flux and solder to the surfaces of the 
solder pads 126. Additionally, in some applications it will be 
desirable to form solder pads 126 wider than other portions of 
their associated leads 208. 

0031. The recessed regions 121 preferably extend to a 
Sufficient length along the leads so that the flux may not 
bridge the recessed regions between the solder pads 126 and 
the rest of the leads. Additionally, in some embodiments it 
may be desirable for the recessed regions 121 to extend to a 
greater length. 
0032. It should be appreciated that the solder pads 126 
defined by the recessed regions 121 may also be advanta 
geously used to control the standoff height between the leads 
and an associated die. The standoff height between the lead 
frame (e.g., solder pad 126) and the die (e.g., I/O pad 110) is 
generally a function of the volume of solder in the solder 
bump 128 as well as the surface area and geometry of the 
associated UBM (or I/O pad 110) and solder pad 126. There 
fore, by controlling the volume of solder as well as the surface 
areas and geometries of the solder pad 126 and I/O pad 110. 
a desired standoff height may be achieved. Furthermore, 
since the same process may be applied to every solderjoint, a 
uniform standoffheight may beachieved across the entire die. 
0033. In the embodiment illustrated in FIG. 1A, the dice 
102 and 104 are offset from one another. The offset results 
from the staggering of the solder pads 126 on opposite sides 
of the leads. More particularly, the recessed regions 121 in 
FIG. 1A are half etched and as such, the solder pads 126 on 
both sides of the lead 120 may not overlie one another. In 
other embodiments, the recessed regions 121 may be recessed 
to a depth of less than halfway through the lead thereby 
allowing the solder pads 126 on both sides of the lead to 
directly overlie one another thereby permitting the dice to 
directly overlie one another. 
0034. As will be appreciated by those familiar with the art, 
power or ground lines generally carry higher current than 
other signal or control lines. The aforementioned arrange 
ment allows the current through a single lead 120 to be shared 
by multiple associated I/O pads 110 on each of the top and 
bottom dice 104 and 102, and their associated solder ball 
joints 128. The amount of current carried by each solder joint 
128 is limited in part by the size of the solder joint (e.g., the 
diameter of the solder joint). The diameter of the solder joint 
128 is, in turn, generally limited by the size of the correspond 
ing I/O pad 110, which is in turn limited by the available real 
estate on the active surfaces 106 and 108 of the dice 102 and 
104. More particularly, for a given die footprint, the layout 
(distribution), size and shape of the I/O pads 110 is limited by 
the regions on the active surfaces of the dice available for 



US 2009/01 60039 A1 

bonding and the total area of the active surfaces of the dice as 
well as proximity constraints placed on the I/O pads. 
0035. Those familiar with the art will appreciate that the 
current carrying and heat dissipation capabilities of Solder 
ball joints far exceed those of bonding wires. Generally, as the 
number and diameter of the solder ball joints 128 increase, the 
current carrying and heat dissipation capabilities increase. 
Additionally, as the diameters of the solder ball joints 128 
increase, the resistance through the solder ball joints 
decreases. As a result of their larger diameters and the rela 
tively shorter distance traveled through a solder ball joint as 
compared to a typical bonding wire, the electrical resistance 
through solder ball joints is far below that of typical bonding 
wires. By way of example, a typical solder ball joint may have 
a resistance of approximately 0.5 mS2 while a corresponding 
bonding wire used in a similar application may have a resis 
tance in the range of approximately 60 to 100 m2. 
0036. It will be appreciated by those skilled in the art that, 
although a specific lead frame arrangement has been 
described and illustrated, embodiments of the present inven 
tion may utilize an extremely wide variety of other leadframe 
configurations as well. Additionally, although described with 
references to top and bottom dice and various Surfaces, it 
should be appreciated that this context is intended solely for 
use in describing the structure and may not coincide with the 
final orientation of the package after Subsequent attachment 
to a PCB or other suitable substrate. 

0037. In the illustrated embodiment, portions of the dice 
102 and 104 and leads 120, 122 and 124 are encapsulated with 
a molding material or compound 132. The molding com 
pound is generally a non-conductive plastic or resin having a 
low coefficient of thermal expansion. Package 100 may be 
encapsulated in Such a way as to prevent molding material 
132 from covering or intruding over the metallic layer 112 on 
the back surface 114 of the bottom die 102. Package 100 may 
also be encapsulated Such that molding material is prevented 
from covering or intruding over a metallic layer 116 on the 
back surface 118 of the top die 104. The molding material 
does encapsulate other portions of the dice 102 and 104, the 
solder joints 128, leads 124 and generally at least the inner 
portions 120a and 122a and middleportions 120b and 122b of 
the leads 120 and 122, respectively. In the embodiment illus 
trated in FIGS. 1A-1D, the outer portions of the leads 120 and 
122 extend from the sides of the encapsulated package 100 
and are bent into a characteristic gull-wing formation to 
facilitate electrical connection with a printed circuit board 
(PCB) or other suitable substrate. Additionally, the package 
contacts 130 on the bottom surfaces of the leads 120 and 122 
may be configured so as to be coplanar with the bottom or 
back surface of the metallic layer 112. 
0038. In the embodiment illustrated in FIGS. 2A and B, 
the package contacts 130 on the bottom surfaces of the leads 
120 and 122 of package 100 are physically and electrically 
connected with corresponding contacts 234 on a PCB 236 via 
solder joints 228. In various embodiments, the metallic layer 
112 is also physically and electrically connected to an asso 
ciated contact surface 238 on the PCB 236. Additionally, in 
some embodiments, a heat sink 240 may be soldered to the 
metallic layer 116 on the top die 104. In the illustrated 
embodiment, the heatsink 240 is also soldered to correspond 
ing contact surfaces 242 on the PCB 236. Although a specific 
heat sink 240 is illustrated, it will be appreciated that any 
Suitable heat sink may be incorporated. 
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0039. The described arrangement provides multiple effi 
cient and direct mechanisms for dissipating heat out of the 
package 100. More particularly, by soldering or otherwise 
connecting the metallic layer 112 on the back surface 114 of 
the bottom die 102 to the PCB 236, a direct thermally con 
ductive path is created between the die 102 and the PCB 236. 
Additionally, the heatsink 240 provides an efficient means for 
transferring heat out of the top of the package 100. Further 
more, as already described, the solder joints 128 also provide 
an efficient thermal path for dissipating thermal energy out of 
the package 100 via the leads 120 to the contacts 234 on the 
PCB 236. Thus, embodiments of the present invention pro 
vide three efficient means of dissipating heat out of the pack 
age 100. 
0040. Furthermore, the described arrangement of the dice 
102 and 104 and leads 120, 122 and 124 enables the produc 
tion of a package 100 having double the effective silicon 
density and hence potentially double the performance while 
maintaining a conventional package size. Conversely, one 
could retain a desired silicon density and performance while 
halving the footprint of the package. More specifically, by 
advantageously utilizing the Volume in the top half of the 
package to incorporate a second die, the number of transistors 
for a given package footprint may be doubled. Moreover, by 
soldering the exposed metallic layer on the back surface of the 
bottom die to a PCB and/or soldering a heat sink to an exposed 
metallic layer on the back surface of the top die, the thermal 
performance of the package is increased sufficiently to enable 
the full utilization of both dice. Furthermore, in embodiments 
in which mirror image dice are used, no additional leads are 
required as each lead may be connected with corresponding 
I/O pads on both dice. 
0041 Although the embodiments described thus far have 
focused on the packaging of two IC dice, it will be appreciated 
that, in other embodiments, more than two dice may be pack 
aged into a single IC package as well. By way of example, 
FIGS. 3A and 3B illustrate an alternative embodiment of a 
package 100 which includes two top dice 104 and 304. In the 
embodiment illustrated in FIG. 3B, the perimeter of the bot 
tom die 102 is illustrated with a dashed line while the perim 
eters of the top dice 104 and 304 are each illustrated with 
dottedlines. In some embodiments, one or both of the top dice 
104 and 304 may be utilized as a control chip for regulating 
operations in the bottom die 102. In these embodiments, bond 
pads 110 on one or both of the dice 104 and 304 may be 
connected with bond pads on the bottom die 102 via internal 
leads 124. Depending upon the application, the top dice 104 
and 304 may or may not include exposed metallic layers on 
their respective back Surfaces. In some embodiments, the top 
dice 104 and 304 may also be electrically connected with one 
another to permit electrical communication therebetween. As 
will be appreciated by those of skill in the art, the described 
arrangement facilitates the production of system-in-package 
(SIP) or multi-chip module (MCM) package designs. Fur 
thermore, although only a single embodiment of a three-chip 
(die) package is illustrated, it will be appreciated that both the 
number and arrangement of the leads and dice may vary 
widely. 
0042. With reference to FIGS. 4 and 5 a process 400 of 
packaging at least two integrated circuit dice with a single 
leadframe device area will be described. A leadframe such as 
those described above is provided at 402. At 404 a first die is 
positioned onto a first side of the leadframe. It will be appre 
ciated that in various embodiments the leadframe is a single 
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leadframe device area of a larger leadframe panel having a 
multitude of leadframe device areas each of which is suitable 
for use in packaging IC dice. By way of example, the lead 
frame panel may be in the form of a strip with side rails and 
other supporting structures supporting the device areas of the 
leadframe panel. In these embodiments, dice may be posi 
tioned on each device area of the leadframe panel. Addition 
ally, in some embodiments, multiple dice may be positioned 
within a single device area (such as in the embodiment illus 
trated in FIGS. 3A and 3B described above). 
0043. In various embodiments, one or both of the dice 
and/or leads of the leadframe panel include solder bumps 
deposited thereon. At 406, the solder bumps are reflowed to 
form solder joints that physically and electrically connect the 
solder pad surfaces on the leads and I/O pads on the dice. 
0044) At 408 the populated leadframe or leadframe panel 

is flipped and subsequently positioned on a set of spacers at 
410. FIG. 5 illustrates a single leadframe device area 500 
having a first die 502 physically and electrically connected to 
leads 504 on a first side of the leadframe via a first set of solder 
joints 506. In the illustrated embodiment, side rails 509 of the 
leadframe panel are each positioned onto a spacer 508 to 
support the leadframe such that the dice 502 do not have to 
rest on any other surface. 
0045. At 412 a second die (or set of dice) 510 is positioned 
onto the second side of the leadframe such that I/O pads on the 
second die are positioned over the same leads 504 used to 
connect the first die. The populated leadframe 500 is then 
reflowed again at 414 to produce solder joints 512 that physi 
cally and electrically connect the bottom die (or dice) 510 to 
the second sides of the same leads 504. It should be noted that 
since the spacers 508 support the leadframe 500 during the 
second reflow the weight of the leadframe, dice and solder 
does not compress the first set of solder joints 506 which are 
also melted during the second reflow. Additionally, it has been 
observed that the cohesion of the solder in the solder joints 
506 is sufficient to support the hanging dice 502 during the 
second reflow. Subsequently, the populated leadframe panel 
is then encapsulated at 416 and singulated to produce indi 
vidual IC packages (if necessary) at 418. 
0046. The foregoing description, for purposes of explana 

tion, used specific nomenclature to provide a thorough under 
standing of the invention. However, it will be apparent to one 
skilled in the art that the specific details are not required in 
order to practice the invention. Thus, the foregoing descrip 
tions of specific embodiments of the present invention are 
presented for purposes of illustration and description. They 
are not intended to be exhaustive or to limit the invention to 
the precise forms disclosed. It will be apparent to one of 
ordinary skill in the art that many modifications and varia 
tions are possible in view of the above teachings. 
0047. The embodiments were chosen and described in 
order to best explain the principles of the invention and its 
practical applications, to thereby enable others skilled in the 
art to best utilize the invention and various embodiments with 
various modifications as are suited to the particular use con 
templated. It is intended that the scope of the invention be 
defined by the following claims and their equivalents. 
What is claimed is: 
1. An integrated circuit package, comprising: 
a first die, the first die having an active surface and a back 

surface substantially opposite the active surface of the 
first die, the active surface including a first plurality of 
I/O pads; 
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a second die, the second die having an active surface and a 
back surface substantially opposite the active surface of 
the second die, the active surface including a second 
plurality of I/O pads; 

a plurality of leads, each lead having a first side and a 
second side substantially opposite the first side of the 
lead, the active surface of the first die being positioned 
adjacent first sides of selected leads such that I/O pads 
from the first plurality of I/O pads are arranged adjacent 
corresponding solder pads on the first sides of the 
selected leads, the active surface of the second die being 
positioned adjacent second sides of the selected leads 
such that I/O pads from the second plurality of I/O pads 
are arranged adjacent corresponding solder pads on the 
second sides of the selected leads, each selected lead 
including at least two solder pads on each of the first and 
second sides of the lead, each solder pad on a selected 
lead being isolated from other solder pads on the same 
side of the lead with at least one recessed region adjacent 
the solder pad; and 

a plurality of solder joints that are arranged to physically 
and electrically connect selected ones of the I/O pads 
from the first die to corresponding solderpads on the first 
sides of associated selected leads and to physically and 
electrically connect selected ones of the I/O pads from 
the second die to corresponding solder pads on the Sec 
ond sides of the associated selected leads, wherein the 
solder of each solder joint that contacts an associated 
solder pad surface on a selected lead is substantially 
confined to the solder pad surface by one or more adja 
cent recessed regions. 

2. An integrated circuit package as recited in claim 1, 
wherein each selected lead includes at least three solder pads 
on each of the first and second sides of the lead. 

3. An integrated circuit package as recited in claim 1, 
wherein the solder pads on the first sides of the selected leads 
do not directly overlie the solder pads on the second sides of 
the selected leads. 

4. An integrated circuit package as recited in claim 1, 
wherein the pitch between a solder pad on the first side of a 
selected lead and a solder pad on the second side of the lead is 
substantially half the pitch between adjacent solder pads on 
the same side of the lead. 

5. An integrated circuit package as recited in claim 1, 
wherein the solder pads on the first sides of the selected leads 
directly overlie the solder pads on the second sides of the 
selected leads. 

6. A leadframe suitable for use in the packaging of at least 
two integrated circuit dice into a single integrated circuit 
package, the leadframe comprising: 

a plurality of leads, each of a first set of the plurality of 
leads having a first side and a second side substantially 
opposite the first side of the lead, each of the first and 
second sides of the first set of leads each including at 
least two solder pads, each solder pad on a lead of the 
first set of leads being isolated from other solder pads on 
the same side of the lead with at least one recessed region 
adjacent the solder pad. 

7. A leadframe as recited in claim 6, wherein each lead of 
the first set of leads includes at least three solder pads on each 
of the first and second sides of the lead. 

8. A leadframe as recited in claim 6, wherein each lead of 
the first set of leads includes at least eight solder pads on each 
of the first and second sides of the lead. 
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9. A leadframe as recited in claim 6, wherein the solder 
pads on the first sides of the first set of leads do not directly 
overlie the solder pads on the second sides of the leads. 

10. A leadframe as recited in claim 6, wherein the pitch 
between a solder pad on the first side of a lead of the first set 
of leads and a solder pad on the second side of the lead is 
substantially half the pitch between adjacent solder pads on 
the same side of the lead. 

11. A leadframe as recited in claim 6, wherein the solder 
pads on the first sides of the leads of the first set of leads 
directly overlie the solder pads on the second sides of the 
leads. 

12. A leadframe as recited in claim 6, wherein widths of 
selected solder pads are wider than their associated leads. 

13. A leadframe as recited in claim 6, wherein each 
recessed region is recessed to a depth in the range of approxi 
mately 2 to 4 mils from the surface of the associated solder 
pad. 

14. A leadframe as recited in claim 6, wherein each 
recessed region is recessed to a depth of approximately half 
the thickness of the associated lead. 

15. A leadframe as recited in claim 6, wherein the solder 
pads are substantially circular. 

16. A method of packaging at least two integrated circuit 
dice into a single integrated circuit package utilizing a single 
leadframe, the method comprising: 

positioning a first die onto a first side of a leadframe Such 
that I/O pads on the first die are positioned adjacent 
corresponding solderpads on first sides of selected leads 
of the leadframe; 

reflowing solder bumps positioned between the I/O pads on 
the first die and the solder pads on the first sides of the 
leads to produce a first plurality of solder joints that 
physically and electrically connect the first die to the 
leads of the leadframe; 

positioning the leadframe onto a set of spacers such that the 
first die is below the leadframe, the spacers being 
arranged to Support the leadframe Such that the die does 
not have to contact any other Surface; 
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positioning a second die onto a second side of the lead 
frame opposite the first side of the leadframe such that 
I/O pads on the second die are positioned adjacent cor 
responding solder pads on second sides of the selected 
leads of the leadframe; and 

reflowing solder bumps positioned between the I/O pads on 
the second die and the solder pads on the second sides of 
the leads to produce a second plurality of Solder joints 
that physically and electrically connect the second die to 
the leads of the leadframe, whereby the spacers support 
the leadframe such that during the second reflowing the 
first plurality of solder joints are not compressed by the 
weight of the leadframe. 

17. A method as recited in claim 16, wherein the first 
plurality of solder joints are melted during the second reflow 
ing and wherein the cohesion of the solder is sufficient to 
support the weight of the first die. 

18. A method as recited in claim 16, wherein selected I/O 
pads on the first die and selected I/O pads from the second die 
are connected to the same leads. 

19. A method as recited in claim 16, wherein multiple I/O 
pads on the first die are connected with a single selected lead 
and wherein multiple I/O pads on the second die are con 
nected with the same single selected lead. 

20. A method as recited in claim 16, wherein either or both 
of the first and second sides of the leadframe have I/O pads 
from at least two dice connected with solder pads on the same 
side of the leadframe. 

21. A method as recited in claim 16, wherein the leadframe 
is a single leadframe device area of a larger leadframe panel 
that includes a plurality of device areas each of which is 
configured for use it packaging at least one die on either side 
of the leadframe device area. 

22. A method as recited in claim 21, further comprising 
encapsulating the leadframe panel and singulating the lead 
frame panel to produce a plurality of integrated circuit pack 
ages each including at least two dice. 
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