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MICROELECTRONIC DIE PACKAGES
WITH METAL LEADS, INCLUDING METAL
LEADS FOR STACKED DIE PACKAGES,
AND ASSOCIATED SYSTEMS AND
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 15/474,854, filed Mar. 30, 2017; which is a
divisional of U.S. application Ser. No. 14/882,088, filed Oct.
13,2015, now U.S. Pat. No. 9,653,444 which is a divisional
of U.S. application Ser. No. 14/564,502, filed Dec. 9, 2014,
now U.S. Pat. No. 9,165,910; which is a divisional of U.S.
application Ser. No. 14/029,455, filed Sep. 17, 2013, now
U.S. Pat. No. 8,906,744; which is divisional of U.S. appli-
cation Ser. No. 13/492,554, filed Jun. 8, 2012, now U.S. Pat.
No. 8,536,702; which is a divisional of U.S. application Ser.
No. 12/955,666, filed Nov. 29, 2010, now U.S. Pat. No.
8,198,720; which is a continuation of U.S. application Ser.
No. 11/863,425, filed Sep. 28, 2007, now U.S. Pat. No.
7,843,050; which claims foreign priority benefits of Singa-
porean Application No. 200705422-4, filed Jul. 24, 2007,
now Singaporean Patent No. 149726; each of which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure is directed generally to
microelectronic die packages with metal leads, and more
particularly to metal leads configured for stacked die pack-
ages.

BACKGROUND

[0003] Packaged microelectronic assemblies, such as
memory chips and microprocessor chips, typically include a
microelectronic die mounted to a substrate and encased in a
plastic protective covering. The die includes functional
features, such as memory cells, processor circuits, and
interconnecting circuitry. The die also typically includes
bond pads electrically coupled to the functional features.
The bond pads are electrically connected to pins or other
types of terminals that extend outside the protective cover-
ing for connecting the die to busses, circuits, or other
microelectronic assemblies.

[0004] In one conventional arrangement, the die is
mounted to a supporting substrate (e.g., a printed circuit
board), and the die bond pads are electrically coupled to
corresponding bond pads of the substrate with wirebonds.
After encapsulation, the substrate can be electrically con-
nected to external devices with solder balls or other suitable
connections. Accordingly, the substrate supports the die and
provides an electrical link between the die and the external
devices.

[0005] In other conventional arrangements, the die can be
mounted to a lead frame that has conductive lead fingers
connected to a removable frame. The frame temporarily
supports the lead fingers in position relative to the die during
manufacture. Each lead finger is coupled to a corresponding
bond pad of a die (e.g., via a wire bond or a metal
redistribution layer), and the assembly is encapsulated in
such a way that the frame and a portion of each of the lead
fingers extend outside the encapsulating material. The frame
is then trimmed off, and the exposed portions of each lead
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finger connect the die to external components. In general,
individual lead fingers can be bent and then coupled to a
corresponding external bond pad.

[0006] Die manufacturers have come under increasing
pressure to reduce the volume occupied by the dies and yet
increase the capacity of the resulting encapsulated assem-
blies. To meet these demands, die manufacturers often stack
multiple dies on top of each other to increase the capacity or
performance of the device within the limited surface area on
the circuit board or other element to which the dies are
mounted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a cross-sectional side view of a stacked
system that includes microelectronic die packages config-
ured and stacked in accordance with an embodiment of the
disclosure.

[0008] FIG. 2A is a top view of a microelectronic assem-
bly that includes a frame, a release layer, and a support
substrate.

[0009] FIGS. 2B and 2C are partially exploded cross-
sectional side views of the assembly of FIG. 2A.

[0010] FIG. 3Ais a top view of the assembly of FIG. 2A
having microelectronic dies positioned within openings of
the frame.

[0011] FIGS. 3B and 3C are cross-sectional side views of
the assembly of FIG. 3A.

[0012] FIG. 4A is a top view of the assembly of FIG. 3A
encapsulated in a dielectric material.

[0013] FIGS. 4B and 4C are cross-sectional side views of
the assembly of FIG. 4A.

[0014] FIGS. 5A and 5B are cross-sectional side and
bottom views of the assembly of FIG. 4A after removing the
support substrate.

[0015] FIG. 6 is a cross-sectional side view of the assem-
bly of FIGS. 5A and 5B after forming a spacer layer.
[0016] FIG. 7 is a cross-sectional side view of the assem-
bly of FIG. 6A after partial removal of the dielectric mate-
rial.

[0017] FIG. 8A is a cross-sectional side view of the
assembly of FIG. 7 after singulation and formation of metal
leads.

[0018] FIG. 8B is a cross-sectional side view of the
assembly of FIG. 7 after singulation and formation of metal
leads in accordance with an alternative embodiment of the
disclosure.

[0019] FIG. 9 is a cross-sectional side view of a stacked
system that includes microelectronic die packages config-
ured and stacked in accordance with an alternative embodi-
ment of the disclosure.

[0020] FIG. 10 is a cross-sectional side view of a stacked
system having microelectronic die packages that include
dies of different sizes in accordance with an embodiment of
the disclosure.

[0021] FIG. 11 is a cross-sectional side view of a stacked
system having metal traces for selectively electrically cou-
pling individual microelectronic die packages in accordance
with an embodiment of the disclosure.

[0022] FIG. 12 is a schematic illustration of a system in
which the microelectronic die packages and stacked systems
may be incorporated.
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DETAILED DESCRIPTION

[0023] Specific details of several embodiments of the
disclosure are described below with reference to semicon-
ductor devices and methods for fabricating semiconductor
devices. The semiconductor components are manufactured
on semiconductor wafers that can include substrates upon
which or in which microelectronic devices, micromechani-
cal devices, data storage elements, optics, read/write com-
ponents, and other features are fabricated. For example,
SRAM, DRAM (e.g., DDR/SDRAM), flash memory (e.g.,
NAND flash memory), processors, imagers, and other types
of devices can be constructed on semiconductor wafers.
Although many of the embodiments are described below
with respect to semiconductor devices that have integrated
circuits, other types of devices manufactured on other types
of substrates may be within the scope of the invention.
Moreover, several other embodiments of the invention can
have different configurations, components, or procedures
than those described in this section. A person of ordinary
skill in the art, therefore, will accordingly understand that
the invention may have other embodiments with additional
elements, or the invention may have other embodiments
without several of the features shown and described below
with reference to FIGS. 1-12.

[0024] FIG. 1 is a cross-sectional side view of one
embodiment of a stacked system 100 having a plurality of
die packages 10 (identified individually by reference num-
bers 10a-d). Individual die packages 10 can include a
microelectronic die 12, a molded dielectric casing 14, and
metal leads 16 (or metal contacts) that are laterally spaced
apart from the casing 14. The casing 14 has lateral casing
sides 21, a top casing side 22, and a bottom casing side 23,
and the casing 14 encapsulates at least a portion of the die
12 and the leads 16. In the example shown in FIG. 1,
individual leads 16 are coupled to the bottom casing side 23
and project, at least in part, towards an above-located die
package or the top of the stacked system 100. Individual
leads 16 can further include an exterior lead surface 25 and
an interior lead surface 26 having a region 27 that generally
faces an individual lateral casing side 21. The interior
surface region 27 of the illustrated example is located on an
angled lead portion 28 of an individual lead 16, which is
spaced laterally apart from the lateral casing side 21 by a
lateral lead portion 29 of the lead. The die packages 10 can
further include metal traces 32 that electrically couple the
leads 16 to the die 12 and a dielectric spacer layer 34
encasing the traces 32 and a portion of an active side of the
die 12. The die packages 10 can also include package bond
pads 36 coupled to the traces 32. The stacked system 100, for
example, has an interposer substrate 102 with metal bump
pads 104 electrically connected to the package bond pads 36
at the first die package 10a by bond pad connections 106.
[0025] The embodiment of the stacked system 100 shown
in FIG. 1 includes the four stacked die packages 10a-d
physically coupled together at corresponding top and bottom
sides by adhesive layers 112a-c, and the leads 16 of the die
packages 10a-d are electrically coupled together by external
inter-package connectors 114. The connectors 114, for
example, can be metal solder lines formed along portions of
the exterior lead surfaces 25 corresponding to sets of verti-
cally aligned leads 16 and optionally along portions of the
interior lead surfaces 26. Thus, the metal pads 104 are
electrically coupled to microelectronic dies within the die
packages 10a-d through conduction paths that include the
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leads 16 and the connectors 114. In many embodiments, and
as shown in FIG. 1, the leads 16 corresponding to the die
packages 10a-c extend beyond the top casing side 22,
contact a portion of the exterior lead surface 25 on an
above-located die package 10, and are held to the portion of
the exterior lead surface 25 by an individual connector 114.
Additionally, the embodiment of the individual connectors
114 shown in FIG. 1 attach to portions of the exterior and
interior lead surfaces 25-26 along the angled and lateral lead
portions 28-29. In alternative embodiments, the connectors
114 may attach only to a portion of the exterior lead surface
25 along the angled lead portion 28 and, optionally, a portion
of the exterior lead surface 25 along the lateral lead portion
29. Accordingly, several embodiments of the connectors 114
project at least laterally outward from the angled lead
portions 28 and may optionally extend in between individual
die packages 10 towards the lateral casing sides 21.

[0026] The stacked system 100 may be formed by a
method that includes stacking the die packages 10a-d and
forming the connectors 114 at individual leads 16 of the die
packages 10a-d. Stacking and aligning the leads 16 may
include stacking the die packages 10a-d in sequence so that
the leads 16 of one package are placed above or below
corresponding leads on an adjacent die package and so that
the leads 16 of a lower package project upwards towards the
leads 16 of an upper package. The connectors 114 may be
formed using wave or reflow soldering processes. In wave
soldering processes, a pumped wave or cascade of liquid-
phase metal solder can be applied across the angled lead
portions 28. In reflow soldering processes, solder paste
having metal powder particles can be applied across the
angled lead portions 28 and then heated to melt the metal
particles. In these or other soldering processes, the metal
solder selectively wets (e.g., when heated) to at least a
portion of the exterior lead surfaces 25 and optionally a
portion of the interior lead surfaces 26, but the solder does
not wet to the dielectric material of the casing 14. The
connectors 114 are formed and individual leads 16 of an
individual die package 10 are coupled with corresponding
leads on an upper or lower die package when the metal
solder cools. In other embodiments, some of the individual
leads 16 may not physically contact a corresponding lead on
an immediately adjacent die package such that only certain
leads are interconnected with the adjacent die packages. In
any these embodiments, the connectors 114 may bridge a
vertical gap between vertically aligned leads 16 of adjacent
dies (see, e.g., FIG. 9, reference 68). A vertical lead spacing
distance of 60 microns or less, for example, may create
adequate surface tension for forming a solder bridge
between the individual leads 16.

[0027] In general, and in contrast to the stacked system
100, conventional methods of stacking packages or dies
have been challenging and expensive. For example, because
conventional leads are not arranged to face a dielectric
casing or project towards an above-located die package, they
can be difficult to position and can collapse underneath a
package if not accurately aligned. In addition, attaching a
conventional lead on one package to a conventional lead on
a corresponding package is time-intensive and requires
careful manual manipulation and inspection of each con-
ventional lead-to-lead interconnection. For example, the
conventional leads on an above-located die package are
generally bent downward so that they project towards the
lead on a below-located die package. When the conventional
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leads undergo an attachment process, the lead-to-lead con-
nection needs to be inspected to verify that the bent lead is
correctly positioned with the package below. Also, the
process of stacking conventional packages is difficult to
standardize because dies are made in a variety of sizes, and
packages likewise vary in size. Thus, the process of stacking
and interconnecting conventional packages needs to be
tailored to an arrangement of a particular package type.
[0028] Several embodiments of microelectronic die pack-
ages 10 can be easy to stack and are robust. For example,
after stacking and aligning the die packages 10a-d, the leads
16 of corresponding die packages are automatically suffi-
ciently aligned for the connectors 114 to intercouple the
leads and do not require manual manipulation to align the
individual leads with respect to one another. Further,
because the leads 16 extend outwardly from the lateral sides
of the casing 14, they provide a contact surface that is
located on both lateral and angled portions of an individual
lead; this enables the die packages 10a-d to be intercoupled
using a simple soldering process and creates reliable lead-
to-lead interconnections that do not require stringent align-
ment tolerances. Also, the lateral casing sides 21 of the die
package 10 can prevent the leads 16 from collapsing during
die package stacking by providing a surface for an indi-
vidual lead 16 to compress or spring back upon. In addition,
the leads 16 can further establish the exterior package
dimensions such that a standardized package size may be
used to house a variety of differently sized dies as explained
in further detail below with reference to FIG. 10.

[0029] FIGS. 2A-8B illustrate stages of forming a micro-
electronic die package in accordance with several embodi-
ments of the disclosure. FIG. 2A is a top view of a micro-
electronic assembly 40 that includes a metal frame 41
situated on top of a release layer 45. The frame 41 comprises
lead portions 42, openings 43, and dicing lanes 44. The
openings 43 expose a portion of the release layer 45 for
attaching and positioning a die 12 (FIG. 1) adjacent to the
lead portions 42, and the dicing lanes 44 provide a cutting
or cleavage path for singulating an individual die package
from the frame 41 (described further with reference to FIGS.
8A and 8B). In one embodiment, the frame 41 may be made
from copper and may include selective copper plating along
the lead portions 42. In other embodiments, the frame 41
may comprise a variety of other metallic materials such as
aluminum or an aluminum-copper alloy. The release layer
45 may be, for example, a thermal or UV release film.
[0030] FIGS. 2B and 2C are partially exploded cross-
sectional side views of the assembly 40 showing the frame
41, the lead portions 42, the release layer 45, and a support
substrate 47 (e.g., a silicon wafer or other type of structure
having planar surface). FIG. 2B further shows an individual
dicing lane 44, and F1G. 2C further shows gaps 48 between
the individual lead portions 42. The gaps 48, along with the
openings 43 and the support substrate 47, define bottom and
lateral sides of a cavity, which will be subsequently filled
with a dielectric material (described further with reference to
FIGS. 4A-C). The individual lead portions 42 are spaced
apart from each other by a spacing distance s, which should
be large enough to prevent the connectors 114 from laterally
bridging across individual leads.

[0031] FIG. 3A is a top view of the assembly 40 after
attaching microelectronic dies to the release layer 45. FIG.
3 A, more specifically, shows the frame 41, the lead portions
42, and the openings 43 with individual dies 12 placed
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within the openings 43 and adjacent to the lead portions 42.
FIGS. 3B and 3C are cross-sectional side views further
showing the openings 43 and the lead portions 42, which are
below a top-side surface of the dies 12 and have a thickness
t,. In several embodiments, the lead portions 42 may have a
thickness t, in the range of about 50 to 250 microns.
[0032] FIG. 4A is a top view of the assembly 40 after a
dielectric material 50 has been formed on a top side of the
metal frame 41 and a top side of the dies 12. The dielectric
material 50, for example, may be a polymer or plastic that
is heated and subsequently deposited on top of and within
the gaps of the frame 41. The dielectric material 50, for
example, can be molded over the frame 41 and the top sides
of the dies 12. FIGS. 4B and 4C are cross-sectional side
views showing the dielectric material 50 filling the openings
43 around the dies 12 and the gaps 48 between the lead
portions 42. After curing or cooling, the hardened dielectric
material 50 should form a protective and electrically isola-
tive covering over the dies 12, within gaps between lateral
sides of the dies 12 and the lead portions 42, and within the
gaps 48 between the lead portions 42. The dielectric material
50 may optionally extend above the dies 12 by a thickness
12 to completely encapsulate all of the dies 12 and lead
portions 42.

[0033] FIGS. 5A and 5B are cross-sectional side and
bottom views of the assembly 40 after removing the release
layer 45 and the support substrate 47 to expose bottom-side
surfaces 52 (e.g., active side) of the dies 12 and expose
bottom-side surfaces 54 of the lead portions 42. The bottom-
side surfaces 52 of the dies 12 include bond pads 56 (or
active features) electrically coupled to an integrated circuit
within the dies 12 (not shown). The dielectric material 50
holds the dies 12 in place and separates the dies 12 from the
lead portions 42.

[0034] FIG. 6 is a cross-sectional side view of the assem-
bly 40 after forming an embodiment of the dielectric spacer
layer 34 at the bottom-side surfaces 52 of the dies 12. The
spacer layer 34 includes the metal traces 32 electrically
coupling the bond pads 56 to the lead portions 42 and the
package bond pads 36. The spacer layer 34 may be made
from a material such as a non-conductive oxide or polymer.
The metal traces 32 and the package bond pads 36, for
example, may be made from copper or aluminum. The
spacer layer 34 can accordingly be a redistribution structure.
It is also expected that in certain embodiments, the package
bond pads 36 may be omitted. For example, in FIG. 1 the
package bond pads of the die packages 1056-d could be
omitted because these pads are not electrically connected to
any external bond pads.

[0035] FIG. 7 is a cross-sectional side view of the assem-
bly 40 after removing a portion of the dielectric material 50
by a chemical etch, backgrinding, or chemical-mechanical
polishing process to form the casings 14. The dielectric
material 50, for example, can be etched to expose the interior
lead surfaces 26 (FIG. 1) and to form the top sides 22 and
lateral casing sides 21 of the casings 14. Additionally,
although shown as having sloped surfaces, the lateral casing
sides 21 may be formed in other embodiments so that they
are generally perpendicular to the top casing side 22. It is
expected, however, that sloped, curved, tapered, or other-
wise graded profiles of the lateral casing sides 21 provide an
individual lead with room to bend or compress underneath
an above-situated lead or die package. Also, sloped lateral
casing sides 21 may be used to increase a lateral spacing
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distance between an individual lead and an upper portion the
lateral casing side 21 to provide more room for forming a
connector on the interior lead surface 26.

[0036] FIG. 8A is a cross-sectional side view of an
embodiment of the package 10a after singulation through
the dicing lanes 44 (e.g., by trim and form equipment) to
yield separated dies 12 housed in the casings 14 and coupled
to individual “L”-type leads 16. FIG. 8B shows an alterna-
tive embodiment after singulation of a die package 60a that
is formed to have individual “C”-type leads 66 that include
a tiered lead portion 67 laterally extending toward the lateral
casing sides 21. In both embodiments, the lateral lead
portion 29 projects away from the lateral casing side 21, the
angled lead portion 28 extends away from the lateral lead
portion 29 so that the interior surface region 27 is generally
aligned with a surface at the lateral casing side 21, and the
exterior lead surface 25 generally faces away from the lateral
casing side 21 and is arranged to receive an external inter-
package connector. The angled lead portion 28 may include
a variety of angled, curved, or otherwise sloped profiles,
which can optionally include a profile that is substantially
perpendicular to the lateral lead portion 29 or a profile that
is substantially sloped toward the lateral casing side 21. In
the embodiment of FIG. 8B, the angled lead portion 28 is
substantially perpendicular with the lateral lead portion 29,
and the angled lead portion 28 positions the tiered lead
portion 67 above the lateral lead portion 29. This allows an
individual lead 66 to accommodate additional types of
external inter-package connectors, such as metal solder
bumps (see, e.g., FIG. 9). Accordingly, the die package(s)
10a or 60a may be placed within a stacked system, such as
the stacked system 100, and the connectors 114 can be
formed along the die packages 10a or 60a at any of the
exposed or otherwise accessible surfaces of the leads 16 or
66 at the angled lead portion 28, the lateral lead portion 29,
or the tiered lead portion 67.

[0037] FIG.9 is a cross-sectional side view of an embodi-
ment of a stacked system 200 that includes the individual die
package 60a as well as die packages 60b-d physically
coupled together, at least in part, by adhesive layers 112a-c.
The leads 66 of the die packages 60a-d are physically and
electrically coupled together by external inter-package con-
nectors 214. In this embodiment, the connectors 214 include
metal solder bumps interposed between the tiered lead
portions 67 and the lateral lead portions 29 on corresponding
die packages. The leads 66 of the individual die packages 60
are vertically separated from each other by a gap 68 span-
ning a distance t;, which may be on the order of 60 microns
or less. Individual connectors 214 bridge the gaps 68 and
attach to portions of the exterior lead surfaces 25 along the
tiered lead portions 67 as well as the angled and lateral lead
portions 28-29. Similar to the stacked system 100, the
stacked system 200 may be formed by a method that
includes stacking the die packages 60a-d such that the leads
66 of the die packages 60a-d are aligned, and forming the
connectors 214 at individual leads 66 of the die packages
60a-d. The connectors 214 may be formed using a metal
solder bump process that includes forming a dot of metal
solder that attaches to portions of the exterior lead surfaces
25. As shown, the dot of solder may be configured to attach
to the exterior lead surface 25 along the angled lead portions
28 such that the connectors 214 are positioned between the
individual die packages 60a-d and project outward from the
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lateral lead portions 29. In other embodiments, the connec-
tors 214 may be further coupled to portions of the interior
lead surfaces 26.

[0038] FIG. 10 is a cross-sectional side view showing an
embodiment of a stacked system 300 that includes micro-
electronic die packages 72a-c having corresponding micro-
electronic dies 74a-c. The die packages 72a-c share a
common lateral dimension d,, but the microelectronic dies
74a-c have different lateral dimensions d,, d;, and d,, (not in
that order). In one embodiment, the stacked system 300 may
be a memory module that includes an interface circuit at the
die 74a, a control circuit at the die 745, and a memory at the
die 74c. Because the packages 72a-c¢ share the common
lateral dimension d,, a myriad of different types of stacked
systems may be created by stacking preferred die packages
or exchanging certain die packages. For example, an alter-
native embodiment of the DRAM-based memory module
could be assembled by using smaller magnetoresistive RAM
(MRAM) based dies housed in die packages having the
lateral dimension d,. Accordingly, DRAM-based die pack-
ages 72b-c could be exchanged for MRAM-based die pack-
ages.

[0039] FIG. 11 is a cross-sectional side view showing an
embodiment of a stacked system 400 that includes micro-
electronic die packages 82a-d separated by dielectric spacer
layers 84a-d and having corresponding first metal leads
86a-d and second metal leads 88a-d respectively coupled
together by first and second connectors 414a-b. In this view,
the spacer layer 84a includes corresponding metal traces
90a-b, the spacer layer 84c¢ includes corresponding metal
traces 91a-b, the spacer layer 84d includes a single metal
trace 92, but the spacer layer 846 does not have any
corresponding metal traces along this view of the second
package 826 (i.e., the die packages 82a-d may have a
different arrangement of metal traces in other cross-sectional
views such that the second package 825 does not have metal
traces along the illustrated cross-section). The first connec-
tor 414a is applied across the first leads 86a-d to selectively
electrically couple first, third, and fourth packages 82a, 82¢,
and 824; and the second connector 4145 is applied across the
second leads 88a-d to selectively electrically couple the first
and third packages 82a and 82c¢. Thus, one side of the die
package 824 and both sides of the die package 825 are
electrically isolated from the connectors 414a-b. The pro-
cess of stacking the die packages 82a-d can be the same as
the process described with reference to FIGS. 1 and 9. The
process of forming the die packages 82a-d can be similar to
the method of manufacturing described with reference to
FIGS. 2A-8B, but instead of connecting a metal trace to
every metal lead, individual metal trace-lead couplings have
been omitted.

[0040] Many other types of variations may be made to the
above described stacked systems, including various combi-
nations of certain features associated with these systems. For
example, in lieu of the bond pad connections 106 (FIGS. 1
and 9), wire bonds may electrically couple a stacked system
to an interposer substrate. In some embodiments, the adhe-
sive layers interposed between the stacked packages may be
omitted. The external inter-package connectors alone, for
example, could be used to hold individual die packages
together by temporarily clamping the packages until metal
solder is applied and the connectors are formed. In other
embodiments, the connectors can be configured to selec-
tively route individual sets of the leads by applying metal
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solder across a limited number of leads. Leads that are not
soldered remain electrically isolated from the stacked sys-
tem. In one specific embodiment, a stacked system includes
die packages that house the same type of die. For example,
a stacked system could be a memory, such as a static
dynamic access memory (SRAM). In this embodiment,
individual leads would provide word and bit line access to
individual SRAM dies housed in the individual die pack-
ages. Accordingly, the aggregated individual SRAM dies
form a large SRAM, which has a reduced footprint relative
to a conventional SRAM of the same size. Also, the stacked
system may include any number of individual microelec-
tronic die packages having more or fewer packages than
those presented in the illustrated embodiments.

[0041] Any one of the microelectronic devices described
above with reference to FIGS. 1-11 can be incorporated into
any of a myriad of larger or more complex systems 490, a
representative one of which is shown schematically in FIG.
12. The system 490 can include a processor 491, a memory
492 (e.g., SRAM, DRAM, Flash, or other memory device),
input/output devices 493, or other subsystems or compo-
nents 494. Microelectronic devices may be included in any
of the components shown in FIG. 12. The resulting system
490 can perform any of a wide variety of computing,
processing, storage, sensor, imaging, or other functions.
Accordingly, representative systems 490 include, without
limitation, computers or other data processors, for example,
desktop computers, laptop computers, Internet appliances,
hand-held devices (e.g., palm-top computers, wearable com-
puters, cellular or mobile phones, personal digital assis-
tants), multi-processor systems, processor-based or pro-
grammable consumer electronics, network computers, and
minicomputers. Other representative systems 490 include
cameras, light or other radiation sensors, servers and asso-
ciated server subsystems, display devices, or memory
devices. In such systems, individual dies can include imager
arrays, such as CMOS imagers. Components of the system
490 may be housed in a single unit or distributed over
multiple, interconnected units, e.g., through a communica-
tions network. Components can accordingly include local or
remote memory storage devices and any of a wide variety of
computer-readable media.

[0042] From the foregoing, it will be appreciated that
specific embodiments have been described herein for pur-
poses of illustration, but well-known structures and func-
tions have not been shown or described in detail to avoid
unnecessarily obscuring the description of the foregoing
embodiments. Where the context permits, singular or plural
terms may also include the plural or singular term, respec-
tively. Moreover, unless the word “or” is expressly limited
to mean only a single item exclusive from the other items in
reference to a list of two or more items, then the use of “or”
in such a list is to be interpreted as including (a) any single
item in the list, (b) all of the items in the list, or (c) any
combination of the items in the list. Additionally, the term
“comprising” is inclusive and is used throughout to mean
including at least the recited feature(s) such that any greater
number of the same feature or additional types of other
features are not precluded. It will also be appreciated that
specific embodiments have been described herein for pur-
poses of illustration, but that various modifications may be
made without deviating from the inventions. For example,
many of the elements of one embodiment can be combined
with other embodiments in addition to, or in lieu of, the
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elements of the other embodiments. Accordingly, the inven-
tion is not limited except as by the appended claims.

We claim:

1. A stacked system of microelectronic devices, compris-
ing:

a first microelectronic device having a first die, a first
bottom side, and first metal leads coupled to the first
bottom side;

a second microelectronic device having a second die, a
top side, a lateral side, a second bottom side, a second
bottom side bond-site, and second metal leads coupled
to the second bottom side, the second leads including a
lateral portion that laterally projects away from the
lateral side, a tiered portion that laterally projects
towards the lateral side, and an angled portion between
the lateral portion and the tiered portion that positions
the tiered portion above the lateral portion;

metal solder bumps between individual first leads and
individual tiered portions of the second leads;

a support substrate adjacent to and spaced apart from the
second bottom side, the support substrate having a
substrate bond-site; and

a substrate connector attached to the substrate bond-site
and to the second bottom side.

2. The stacked system of claim 1 wherein the first die has

a first lateral dimension, and wherein the second die has a
second lateral dimension.

3. The stacked system of claim 1 wherein a first dielectric
casing defines at least a portion of the first bottom side, and
wherein a second dielectric casing defines at least a portion
of the top side, and wherein the first and second dielectric
casings have substantially equal lateral dimensions.

4. The stacked system of claim 1 further comprising an
adhesive layer positioned between the top side of the second
microelectronic device and the first bottom side of the first
microelectronic device.

5. The stacked system of claim 1 wherein the metal solder
bumps are further attached to the individual second leads of
the second microelectronic device at a surface of the angled
portion that generally faces away from the lateral side of the
second casing.

6. The stacked system of claim 1 wherein the tiered
portion is separated from a corresponding first lead by a
vertical distance of up to 60 microns.

7. The stacked system of claim 1 wherein the angled
portion is substantially perpendicular to the lateral portion.

8. The stacked system of claim 1 wherein the angled
portion is substantially perpendicular to the tiered portion.

9. The stacked system of claim 1 wherein the lateral
portion is substantially parallel to the tiered portion.

10. The stacked system of claim 1 wherein the second
microelectronic device has a redistribution structure at the
second bottom side.

11. The stacked system of claim 10 wherein the redistri-
bution structure includes layered metal traces.

12. A stacked system of microelectronic devices, com-
prising:

a first microelectronic device having a first die, a first
bottom side, and first metal leads coupled to the first
bottom side;

a second microelectronic device having a second die, a
top side, a lateral side, a second bottom side, a second
bottom side bond-site, and second metal leads coupled
to the second bottom side, the second leads including a
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lateral portion that laterally projects away from the
lateral side, a tiered portion that laterally projects
towards the lateral side, and an angled portion between
the lateral portion and the tiered portion that positions
the tiered portion above the lateral portion, wherein the
lateral side of the second microelectronic device has a
sloped profile;

metal solder bumps between individual first leads and
individual tiered portions of the second leads;

a support substrate adjacent to and spaced apart from the
second bottom side, the support substrate having a
substrate bond-site; and

a substrate connector attached to the substrate bond-site
and to the second bottom side.

13. The stacked system of claim 12 wherein the first die
has a first lateral dimension, and wherein the second die has
a second lateral dimension.

14. The stacked system of claim 12 wherein a first
dielectric casing defines at least a portion of the first bottom
side, and wherein a second dielectric casing defines at least
a portion of the top side, and wherein the first and second
dielectric casings have substantially equal lateral dimen-
sions.

15. The stacked system of claim 14 wherein a lateral side
of the first dielectric casing has a sloped profile.

16. The stacked system of claim 14 wherein a lateral side
of the second dielectric casing has a sloped profile.

17. The stacked system of claim 12 further comprising an
adhesive layer positioned between the top side of the second
microelectronic device and the first bottom side of the first
microelectronic device.
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18. A stacked system of microelectronic devices, com-

prising:

a first microelectronic device having a first die, a first
bottom side, and first metal leads coupled to the first
bottom side;

a second microelectronic device having a second die, a
top side, a lateral side, a second bottom side, a second
bottom side bond-site, and second metal leads coupled
to the second bottom side, the second leads including a
lateral portion that laterally projects away from the
lateral side, a tiered portion that laterally projects
towards the lateral side, and an angled portion between
the lateral portion and the tiered portion that positions
the tiered portion above the lateral portion, wherein the
angled portion is substantially perpendicular to the
lateral portion and the tiered portion;

metal solder bumps between individual first leads and
individual tiered portions of the second leads;

a support substrate adjacent to and spaced apart from the
second bottom side, the support substrate having a
substrate bond-site; and

a substrate connector attached to the substrate bond-site

and to the second bottom side.

19. The stacked system of claim 18 wherein the tiered
portion is separated from a corresponding first lead by a
vertical distance of up to 60 microns.

20. The stacked system of claim 18 wherein the redistri-
bution structure includes layered metal traces.
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