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DIE STACK WITH CASCADE AND VERTICAL CONNECTIONS

Technical Field
[0001] Embodiments described herein generally relate to stacked die
packages, and more particularly to overlapping stacked die packages that include

conductive columns.

Background
[0002] Mobile products (e.g., mobile phones, smart phones, tablet
computers, etc.) are very restricted in available space because there are typically
severe limitations for chip/package area and height (among other physical and
electrical parameters). Therefore, it is extremely important to reduce the size of
electronic components (e.g., packaged chips or discrete devices, integrated
passive devices (IPDs), surface mount devices (SMDs), etc.) on a system board
(e.g., printed circuit board PCB).
[0003] Conventional stacked electronic components typically require
relatively large z-height making them more difficult to fit inside a housing of
mobile products, especially when several chips, [PDs or SMDs need to be
assembled and/or stacked one on top of another. In addition, as with most
electronic components, there is usually a goal of improved electrical
performance.
[0004] There are two existing packaging methods for high die count
stacked die packages. One method forms a wire bond based package in which
substrate and over mold add extra z-height to the package. In addition, wire
bond based packages are also typically limited in their performance because of
the number and length of the wires that are utilized in the packages.
[0005] Another existing packaging method for high die count stacked die
packages utilizes Thru Silicon Via (TSV) technology. High die count stacked
die packages that utilize TSV usually have relatively high speed. However, z-
height reduction is still difficult with TSV. In addition, the vias that are formed

using TSV technology often use up valuable space on silicon. There are also
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usually relatively high manufacturing costs that are associated with utilizing
TSV technology making it more expensive to produce high die count stacked die
packages using TSV technology. The typical z-height of a conventional 16 Die

BGA stacked die package is 1.35 mm where each die is thinned to 35 um.

Brief Description of the Drawings

[0006] FIG. 1 is a side view of a shingle having multiple offset stacked
die according to an example embodiment.

[0007] FIG. 2 is a side view of the shingle of FIG. 1 with cascade
wirebonds between adjacent die in the shingle according to an example
embodiment.

[0008] FIG. 3 is a side view of two shingles with cascade wirebonds

arranged in a zig-zag pattern according to an example embodiment.

[0009] FIG. 4 is a side view of three shingles with cascade wirebonds
arranged in a zig-zag pattern according to an example embodiment.

[0010] FIG. 5 is a side view of four shingles with cascade wirebonds
arranged in a zig-zag pattern according to an example embodiment.

[0011] FIG. 6 is a side view of the four shingles of FIG. 5 with vertical
wirebonds extending from a top bonding surface to a bottom die in each shingle

according to an example embodiment.

[0012] FIG. 7 is a side view of the four shingles of FIG. 6 including a
molding formed around the shingles and wirebonds according to an example
embodiment.

[0013] FIG. 8 is a side view of the four shingles of FIG. 7 with bonding

material removed and including a redistribution layer coupled to the vertical
wirebonds according to an example embodiment.

[0014] FIG. 9 is block diagram of an electronic apparatus that includes
the electronic assemblies and/or the electronic packages described herein.
[0015] FIG. 10 is a flowchart illustrating a method of forming a zigzag

stack of die shingles according to an example embodiment.
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Description of Embodiments
[0016] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[0017] Orientation terminology, such as “horizontal,” “x” or “y” as used
in this application is defined dimensions and directions with respect to a plane
parallel to the conventional plane or surface of a wafer or substrate, regardless of
the orientation of the wafer or substrate. The term z-height, refers to a direction
perpendicular to the horizontal as defined above. Prepositions, such as “on,”

kN1

“side” (as in “sidewall”), “higher,” “lower,” “over,” and “under” are defined
with respect to the conventional plane or surface being on the top surface of the
wafer or substrate, regardless of the orientation of the wafer or substrate.

[0018] The electronic assemblies, packages and methods described
herein may address the drawbacks that are associated with using wire bond
packaging technology and TSV technology to form high die count stacked die
packages. In addition, electronic assemblies, packages and methods described
herein may increase the electrical performance of high die count stacked die
packages.

[0019] The electronic assemblies, packages and methods described
herein may provide some benefits over using conventional TSV technology to
form high die count stacked die packages.

[0020] The silicon utilization efficiency of the electronic assemblies,
packages and methods described herein may be higher than TSV technology
because TSV technology fabricates vias through peripheral areas of silicon. This
need to fabricate openings in the silicon to create openings for via formation
uses valuable space on the silicon and increases the fabrication costs associated
with forming high die count stacked die packages. The electronic assemblies,
packages and methods described herein do not require any type of fabrication to

create openings in the silicon for vias.
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[0021] The electronic assemblies, packages and methods described
herein may utilize existing wire bond equipment to create conductive columns to
couple zig-zag stacked shingles of die. This ability to use existing wire bond
equipment may reduce the costs that are associated with fabricating the
5 electronic assemblies, packages and methods described herein.
[0022] The electronic assemblies, packages and methods described
herein may provide improved electrical performance. The overall package size
may be reduced because (i) the X-Y space on the substrate that is usually used
for wire bonding may be saved and the extra over molding that were previously
10  used for the conductive wires that are used in wire bonding may be eliminated to
reduce the z-height. The electrical performance may be better because the
conductive columns are shorter based on the zig-zag arrangement of shingles
and the use of cascade connections between die in each shingle. Shorter
conductive columns result in less overall wire length, saving on cost of precious
15  metals utilized for metal wirebonding.
[0023] Stacks of staggered die are used to form multiple shingles. The
shingles are stacked and offset from each other in a zig-zag manner to allow
formation of vertical connections to a bottom die on each shingle. Cascade
connections may be used to connect adjacent die in each shingle. The use of the
20  zig-zag stacking of shingles, vertical connections, and cascade connections
allows larger stacks of die while minimizing a y-dimension. The term “vertical
connections” refers to a connection that generally traverses a z-height but may
also have an x or y-dimension component. Such a vertical connection need not
be perpendicular and if formed by wirebonding, will generally have some angle
25  to perpendicular at least partially depending on the length of the resulting
connection, In some embodiments, one or more shingles includes one or more
die. If a shingle has one die, cascade connections may optionally not be utilized.
[0024] FIGs. 1-8 are side views illustrating a method of stacking and
connecting die and shingles. Reference numbers are used for the same elements
30 ineach of FIGs. 1-8. FIG. 1 is a side view of a shingle 100 having multiple
offset stacked die 110, 115, 120, and 125 according to an example embodiment.
While four die are shown in each shingle, and four shingles are shown, the

number of such die and shingles may vary allowing stacks of die up to and
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exceeding 32 die. The die may also be of varying thickness, corresponding to a
z-direction. The side view illustrates a y-direction of the stack of shingles. The
stacked die are supported by a carrier 130 to provide a solid platform for
handling during formation of the shingle.

5 [0025] The die 110, 115, 120, and 125 are staggered in one embodiment
such that a suitable area of each die is exposed on a top surface to facilitate
formation of connections 210, 215, and 220 as illustrated in FIG. 2. The exposed
area, referred to as a stagger distance, may be limited in size so as to allow such
connections to be made in a reliable manner yet minimizing a total y-direction

10  dimension. In one embodiment, a standard wirebonding method may be used to
form the connection 210, 215, and 220 in a cascade manner. The connections
may be referred to as cascade connections that connect adjacent die 110, 115,
120, and 125 in a shingle 100 to each other. Note that there may be multiple such
cascade connections extending in an x-direction between each adjacent die, all as

15  represented by connections 210, 215, and 220 and other connections shown in
further figures.
[0026] FIG. 3 is a side view of two shingles 100 and 300 with cascade
wirebonds 210, 215, and 220, and 310, 315, and 320 respectively arranged in a
zig-zag pattern according to an example embodiment. The zig-zag pattern is

20  exemplified by the shingle 300 comprising multiple staggered stacked die with
the stagger being in the opposite direction of the stagger of die in shingle 100.
Further, the shingle 300 is offset. The amount of shingle offset is related to the
number of shingles in the final package, to allow vertical connections to be
formed to a bottom die of each shingle. The purpose and amount of adjacent

25  shingle offset decreases with each additional shingle as illustrated in succeeding
figures. In one embodiment, the shingle offset is a multiple of the stagger
distance and related to the amount of area suitable for forming vertical
connections.
[0027] FIG. 4 is a side view of three shingles 100, 300, and 400 with

30 cascade wirebonds arranged in a zig-zag pattern according to an example
embodiment. Shingle 400 is stacked on top of shingle 300 with exposed die due
to staggering occurring opposite that of the exposed die of shingle 300, but the

same as that in shingle 100. Thus, the staggering is opposite for adjacent
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shingles. Shingle 400 is also offset from shingle 100 by a reduced amount.

Note that amount of shingle offset is a function of the total number of shingles to
be stacked. With a larger number of shingles, a larger initial shingle offset is
used than with a four shingle stack, with the offset decreasing for each additional
shingle.

[0028] Using the zigzag stacking of shingles, a y-dimension growth of
('T/85)x0O, where T is the total number of die, S is the number of die per shingle,
and O is the overhang (also referred to as the stagger distance above) may be
obtained. Note that in some embodiments, S may vary from one to four or more.
In prior methods of utilizing wirebonding on a single large stack of die, the y-
dimension growth is simply TxO, which may be much larger than that obtained
with the zigzag stacking of shingles.

[0029] FIG. 5 is a side view of four stacked shingles 100, 300, 400 and
500 with cascade wirebonds arranged in a zig-zag pattern according to an
example embodiment. Shingle 500 is stacked on top of shingle 400 with
exposed die due to staggering occurring opposite that of the exposed die of
shingle 400, but the same as that in shingle 300. Thus, the staggering is opposite
for adjacent shingles. Shingle 500 is also offset from shingle 100 by a reduced
amount. As seen in FIG. 5, each shingle has bottom die that is exposed in a
manner suitable for forming a vertical connection.

[0030] To optimize z-dimension utilization, the shingle offsets of the
zigzag stack result in a single stagger distance of each bottom die of each shingle
being exposed for vertical connection. In FIG. 5, such a zigzag stagger is
illustrated by the right most side of the bottom die of shingle 100 being exposed
for vertical connection, due to shingle 400 being offset one stagger distance to
the left of the right most side of shingle 100. Shingle 500 is also offset, allowing
vertical access to the right most die of shingle 400. The same offsets operate to
expose the left sides of shingle 300, with successive shingles having decreasing
offsets to provide such exposures and allow vertical connections to be made to
the bottom die of each shingle.

[0031] FIG. 6 is a side view of the four shingles of FIG. 5 with vertical
wirebonds extending from a top bonding surface to a bottom die in each shingle

according to an example embodiment. In one embodiment, a dummy bonding
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surface 600 may be formed on top of or otherwise supported by the top shingle
500. Wirebonds may be formed to the bottom die of each shingle using a
standard wirebonding process. On the right side of the zigzag shingle stack,
wires are formed to the vertically exposed bottom die of shingle stacks that are
5  staggered with vertically exposed shingles. A wire 610 is formed extending to an
exposed area 615 of the bottom die of shingle 400. A wire 620 is formed
extending to an exposed area 625 of the bottom die of shingle 100. On the left
side of the zigzag shingle stack, wires are formed to the vertically exposed
bottom die of shingle stacks that are staggered with vertically exposed shingles.
10 A wire 630 is formed extending to an exposed area 635 of the bottom die of
shingle 500. A wire 640 is formed extending to an exposed area 645 of the
bottom die of shingle 300.
[0032] FIG. 7 is a side view of the four shingles of FIG. 6 including a
molding 700 formed around the shingles and wirebonds according to an example
15 embodiment. As an example, the mold 700 may surround the package shingle
stack and be formed of a thermoset molding compound, such as an epoxy
(among other types of materials).
[0033] FIG. 8 is a side view of the four shingles of FIG. 7 forming a
package 800 with some bonding material 700 removed and the carrier 130 also
20  optionally removed. The remaining bonding material 810 helps support and
protect the stacked shingles. The dummy bonding surface 600 has also been
removed. Grinding may be used for such removal in some embodiments to
expose the top die of the top shingle 500. A redistribution layer 820 may be
formed and coupled to the vertical wirebonds to provide desired electrical
25  connections via the vertical wirebonds, cascade wirebond connections and
conduction paths on individual die to form the package 800.
[0034] Note that the vertical connections created by the vertical
wirebonds may not have as high of an aspect ratio as shown in the FIGs., as they
are not drawn to scale. An example aspect ratio of the vertical columns may
30 range from 1 to 20 or higher and may vary along their length, especially when
wirebonding is used to form the columns. Vertical columns extending to

different die of different shingles may have different aspect ratios. A higher
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aspect ratio may be desired to minimize the length of package 800, as a higher
aspect ratio may allow shorter y-dimension stagger and offset distances.

[0035] In a further embodiment, the mold 700 may be formed prior to
formation of the vertical columns. Vias may then be formed through the mold,
such as by drilling, and filled with conductive material to form vertical columns
with very high aspect ratios. In some embodiments, the die to which the vertical
columns are coupled may have conductive pads to facilitate the electrical
connection to the columns. The columns may have a circular cross section in
one embodiment, or may have a polygon shape in further embodiments.

[0036] An electronic apparatus 900 may include one or more packages
800 that may be bonded together. Examples of an electronic apparatus include,
but are not limited to, personal computers, tablet computers, mobile telephones,
game devices, MP3 or other digital music players, etc. In this example,
electronic apparatus 900 comprises a data processing system that includes a
system bus 902 to couple the various components of the electronic apparatus
900. System bus 902 provides communications links among the various
components of the electronic apparatus 900 and may be implemented as a single
bus, as a combination of busses, or in any other suitable manner.

[0037] An electronic apparatus 900 as described herein may be coupled
to system bus 902. The electronic apparatus 900 may include any circuit or
combination of circuits. In one embodiment, the electronic apparatus 900
includes a processor 912 which can be of any type. As used herein, “processor”
means any type of computational circuit, such as but not limited to a
microprocessor, a microcontroller, a complex instruction set computing (CISC)
microprocessor, a reduced instruction set computing (RISC) microprocessor, a
very long instruction word (VLIW) microprocessor, a graphics processor, a
digital signal processor (DSP), multiple core processor, or any other type of
processor or processing circuit.

[0038] Other types of circuits that may be included in electronic
apparatus 900 are a custom circuit, an application-specific integrated circuit
(ASIC), or the like, such as, for example, one or more circuits (such as a

communications circuit 914) for use in wireless devices like mobile telephones,
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tablet computers, laptop computers, two-way radios, and similar electronic
systems. The IC can perform any other type of function.
[0039] The electronic apparatus 900 may also include an external
memory 920, which in turn may include one or more memory elements suitable
5  to the particular application, such as a main memory 922 in the form of random
access memory (RAM), one or more hard drives 924, and/or one or more drives
that handle removable media 926 such as compact disks (CD), flash memory
cards, digital video disk (DVD), and the like.
[0040] The electronic apparatus 900 may also include a display device
10 916, one or more speakers 918, and a keyboard and/or controller 930, which can
include a mouse, trackball, touch screen, voice-recognition device, or any other
device that permits a system user to input information into and receive
information from the electronic apparatus 900.
[0041] FIG. 10 is a flowchart illustrating a method 1000 of forming a
15  zigzag stack of die shingles according to an example embodiment. Method 1000
begins by stacking die at 1010 on top of a carrier to form a first shingle of offset
die. At 1015, connections between the die of the first shingle are formed. In one
embodiment, the connections are cascade connections formed using wirebonding
between exposed portions of adjacent die in the shingle. The die may be stacked
20 in a staggered manner to facilitate the inter-die connections. At 1020, additional
die are stacked to form a second shingle of offset die.
[0042] At 1025, the second shingle is stacked on top of the first shingle
such that the die are offset or staggered in opposite directions and the second
shingle is offset from the first shingle an amount large enough to enable further
25  shingles to be stacked with decreasing offsets. At 1030, cascade connections are
formed between the die of the second shingle.

[0043] At 1035, multiple additional shingles may be stacked with
decreasing offset and forming connections between die of the shingles. Vertical
connections to the bottom die of each shingle may be formed at 1040. At 1045,

30 amold may be formed around the stack and a top of the mold may be removed
at 1050 down to a top level die. Optionally, the vertical columns may be formed
after forming the mold such as by drilling and filling with conductive material. A

redistribution layer supported by the stack of shingles may be formed at 1055 to

9
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couple to the vertical connections. The carrier supporting the stack may also be
removed at 1060.
[0044] To better illustrate the electronic assemblies, electronic packages
and methods disclosed herein, a non-limiting list of examples is provided herein:
5 [0045] Example 1 includes an electronic assembly that includes a

plurality of electronic die arranged into shingles. Each shingle has multiple
offset stacked die coupled by cascading connections. Each shingle is arranged in
a stack of shingles with alternate shingles having die stacked in opposite
directions and offset in a zigzag manner to facilitate vertical electrical

10  connections from a top of the electronic assembly to a bottom die of each
shingle.
[0046] Example 2 includes the electronic assembly of example 1,
wherein the zigzag manner of stacking shingles continue a pattern of decreasing
offsets facilitating alternating opposite vertical connections to the bottom die of

15  each successive shingle.
[0047] Example 3 includes the electronic assembly of any one of
examples 1-2, wherein a y-dimension growth of the electronic assemble is
defined by (T/S)*0O, where T is the total number of die, S is the number of die
per shingle, and O is the overhang of each die and offset of each shingle.

20  [0048] Example 4 includes the electronic assembly of example 3 wherein
S is at least four.
[0049] Example 5 includes the electronic assembly of any of examples 3-
4 wherein there are at least four shingles.
[0050] Example 6 includes an electronic assembly including a plurality

25  of offset zigzag shingle stacks of die such that a portion of each bottom die in
each shingle stack die is vertically exposed. A plurality of cascade electrical
connections extend between adjacent die in each shingle stack. A plurality of
vertical connections are coupled to the vertically exposed portions of the bottom
die of each shingle stack.

30 [0051] Example 7 includes the electronic assembly of example 6 wherein
a y-dimension growth of the electronic assemble is defined by (T/S)*O, where T
is the total number of die, S is the number of die per shingle, and O is the

overhang of each die and offset of each shingle.

10



WO 2017/095401 PCT/US2015/063346

10

15

20

25

30

[0052] Example 8§ includes an electronic assembly including a first
shingle having multiple stacked offset die coupled via wirebonds on a first end
of the first shingle. A second shingle is supported by the first shingle and has
multiple stacked offset die coupled via wirebonds on a first end of the second
shingle opposite the first end of the first shingle. An electrical redistribution
layer is supported by the second shingle. Multiple conductive vertical columns
couple the redistribution layer to the first and second shingles on the first ends of
the shingles.

[0053] Example 9 includes the electronic assembly of example 8 and
further includes multiple additional shingles supported by the first and second
shingles, each of the multiple additional shingles having multiple stacked offset
die coupled via wirebonds on one end and conductive vertical columns on
another end such that all the shingles are arranged in a zig-zag pattern, each
extending in a y-direction sufficient to make room for at least one vertical
column.

[0054] Example 10 includes the electronic assembly of example 9
wherein each shingle comprises at least four die offset from each other a
distance sufficient to facilitate top side cascade bonds between adjacent die.
[0055] Example 11 includes the electronic assembly of example 9
wherein adjacent shingles have die offset in opposite directions.

[0056] Example 12 includes the electronic assembly of example 11
wherein die are offset from each other a distance sufficient to facilitate top side
cascade bonds between adjacent die, and wherein alternate shingles are offset
from other shingles a distance sufficient to facilitate a vertical wire bond to the
redistribution layer.

[0057] Example 13 includes the electronic assembly of example 12
wherein the offset of the die and shingles from each other are minimized to
reduce the Y dimension of the electronic assembly yet still facilitate the
respective wirebonds.

[0058] Example 14 includes the electronic assembly of any of examples
7-12 and further includes a mold surrounding the vertical conductive columns

between the redistribution layer and the shingles.
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[0059] Example 15 includes the electronic assembly of example 14
wherein the conductive vertical columns are through mold vias.

[0060] Example 16 includes the electronic assemble of any of examples
7-12 wherein shingle has multiple vertical conductive columns extending in an
x-direction without increasing the y-dimension, such multiple vertical columns
coupled to the redistribution layer.

[0061] Example 17 includes the electronic assembly of any of examples
8-13, wherein the conductive vertical columns have a cylindrical cross section
formed by wirebonding.

[0062] Example 18 includes an electronic assembly including a first
shingle having multiple stacked offset die coupled via wirebonds on a first end
of the first shingle. A second shingle is supported by the first shingle and has
multiple stacked offset die coupled via wirebonds on a first end of the second
shingle opposite the first end of the first shingle. An electrical redistribution
layer is supported by the second shingle. A means is provided for coupling the
redistribution layer to the first and second shingles on second ends of the
shingles opposite the first ends of the shingles.

[0063] Example 19 includes the electronic assembly of example 18
wherein the offset of the die and shingles from each other are minimized to
reduce the Y dimension of the electronic assembly.

[0064] Example 20 is a method including stacking die to form a first
shingle of offset die, forming connections between the die of the first shingle,
stacking die to form a second shingle of offset die, stacking the second shingle
on top of the first shingle such that the die offset in opposite directions and the
second shingle is offset from the first shingle an amount large enough to enable
further shingles to be stacked with decreasing offsets, and forming connections
between the die of the second shingle.

[0065] Example 21 includes the method of example 20 and further
includes stacking multiple additional shingles with decreasing offset and
forming connections between die of the shingles.

[0066] Example 22 includes the method of example 21 and further

including forming vertical connections to the bottom die of each shingle.
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[0067] Example 23 includes the method of example 22 and further
includes forming a redistribution layer supported by the stack of shingles to
couple to the vertical connections.

[0068] Example 24 includes the method of example 23 and further
includes removing a carrier supporting the stack.

[0069] Example 25 includes the method of any of examples 20-24 and
further includes forming a mold around the stack.

[0070] Example 26 includes the method of example 25 and further
includes removing a top of the mold down to a top level die.

[0071] Example 27 includes the method of example 26 and further
includes forming a redistribution layer on top of the stack of shingles and the
vertical connections.

[0072] Example 28 includes a method of increasing integrated circuit die
density in a package. The method includes forming multiple shingles of die,
each shingle comprising multiple stacked die that are staggered to facilitate
inter-die connections, and stacking the shingles such that a direction of die
stagger of each adjacent shingle is opposite each other and wherein the stacked
shingles are offset from each other a distance to facilitate vertical connections to
a bottom die of each shingle.

[0073] Example 29 includes the method of example 28 and further
includes forming vertical connections to the bottom die of each shingle, forming
a mold about the vertical connections, and forming a redistribution layer
supported by the stack of shingles.

[0074] Example 30 includes the method of example 29 and further
includes electrically coupling the redistribution layer to the vertical connections.
[0075] Example 31 includes the method of any of examples 28-30
wherein forming multiple shingles of die comprising forming inter-die
connections between adjacent die of each shingle prior to adding a further
shingle to the stack of shingles.

[0076] Example 32 is an electronic assembly that includes a plurality of
electronic die arranged into shingles, each shingle having at least one die. Each
shingle is arranged in a stack of shingles with alternate shingles offset in a

zigzag manner to facilitate vertical electrical connections from a top of the
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electronic assembly to a bottom die of each shingle. The zigzag manner of
stacking shingles forms a pattern of decreasing offsets facilitating alternating
opposite vertical connections to the bottom die of each successive shingle.
[0077] Example 33 includes the electronic assembly of example 32
wherein the offset of shingles from each other is minimized to reduce the Y
dimension of the electronic assembly yet still facilitate the vertical connections.
[0078] This overview is intended to provide non-limiting examples of
the present subject matter. It is not intended to provide an exclusive or
exhaustive explanation. The detailed description is included to provide further
information about the methods.

[0079] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
invention can be practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereof, either with
respect to a particular example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof) shown or described herein.
[0080] In this document, the terms “a” or “an” are used, as iS common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the
term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are open-ended, that
is, a system, device, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed

to fall within the scope of that claim. Moreover, in the following claims, the
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terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[0081] The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thereof) may be used in combination with each other. Other embodiments can
be used, such as by one of ordinary skill in the art upon reviewing the above
description.

[0082] The Abstract is provided to comply with 37 C.F.R. §1.72(b), to
allow the reader to quickly ascertain the nature of the technical disclosure. It is
submitted with the understanding that it will not be used to interpret or limit the
scope or meaning of the claims.

[0083] Also, in the above Detailed Description, various features may be
grouped together to streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather,
inventive subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate
embodiment, and it is contemplated that such embodiments can be combined
with each other in various combinations or permutations. The scope of the
invention should be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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Claims
1. An electronic assembly comprising:
a plurality of electronic die arranged into shingles, each shingle having a
multiple offset stacked die coupled by cascading connections;
each shingle arranged in a stack of shingles with alternate shingles
having die stacked in opposite directions and offset in a zigzag manner to
facilitate vertical electrical connections from a top of the electronic assembly to

a bottom die of each shingle.

2. The electronic assembly of claim 1 wherein the zigzag manner of
stacking shingles continue a pattern of decreasing offsets facilitating alternating

opposite vertical connections to the bottom die of each successive shingle.

3. The electronic assembly of any one of claims 1-2 wherein a y-dimension
growth of the electronic assemble is defined by (1/S)*O, where T is the total
number of die, S is the number of die per shingle, and O is the overhang of each

die and offset of each shingle.

4. The electronic assembly of claim 3 wherein S is at least four.

5. The electronic assembly of claim 3 wherein there are at least four
shingles.

6. An electronic assembly comprising:

a plurality of offset zigzag shingle stacks of die such that a portion of
each bottom die in each shingle stack is vertically exposed;

a plurality of cascade electrical connections between adjacent die in each
shingle stack; and

a plurality of vertical connections to the vertically exposed portions of

the bottom die of each shingle stack.

7. The electronic assembly of claim 6 wherein a y-dimension growth of the

electronic assemble is defined by (1/S)*0O, where T is the total number of die, S
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is the number of die per shingle, and O is the overhang of each die and offset of

each shingle.

8. An electronic assembly, comprising:

a first shingle having multiple stacked offset die coupled via wirebonds
on a first end of the first shingle;

a second shingle supported by the first shingle having multiple stacked
offset die coupled via wirebonds on a first end of the second shingle opposite the
first end of the first shingle;

an electrical redistribution layer supported by the second shingle; and

multiple conductive vertical columns coupling the redistribution layer to

the first and second shingles on the first ends of the shingles.

9. The electronic assembly of claim § and further comprising multiple
additional shingles supported by the first and second shingles, each of the
multiple additional shingles having multiple stacked offset die coupled via
wirebonds on one end and conductive vertical columns on another end such that
all the shingles are arranged in a zig-zag pattern, each extending in a y-direction

sufficient to make room for at least one vertical column.

10. The electronic assembly of claim 9 wherein each shingle comprises at
least four die offset from each other a distance sufficient to facilitate top side

cascade bonds between adjacent die.

11. The electronic assembly of claim 9 wherein adjacent shingles have die

offset in opposite directions.

12. The electronic assembly of claim 11 wherein die are offset from each
other a distance sufficient to facilitate top side cascade bonds between adjacent
die, and wherein alternate shingles are offset from other shingles a distance

sufficient to facilitate a vertical wire bond to the redistribution layer.
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13. The electronic assembly of claim 12 wherein the offset of the die and
shingles from each other are minimized to reduce the Y dimension of the

electronic assembly yet still facilitate the respective wirebonds.

5 14. The electronic assembly of one of claims 8-13 and further comprising a
mold surrounding the vertical conductive columns between the redistribution

layer and the shingles.

15. The electronic assembly of claim 14 wherein the conductive vertical

10  columns comprise through mold vias.

16. The electronic assemble of one of claims 8-13 wherein shingle has
multiple vertical conductive columns extending in an x-direction without
increasing the y-dimension, such multiple vertical columns coupled to the

15  redistribution layer.

17. The electronic assembly of one of claims 8-13, wherein the conductive

vertical columns have a cylindrical cross section formed by wirebonding.

20 18. An electronic assembly, comprising:
a first shingle having multiple stacked offset die coupled via wirebonds
on a first end of the first shingle;
a second shingle supported by the first shingle having multiple stacked
offset die coupled via wirebonds on a first end of the second shingle opposite the
25  first end of the first shingle;
an electrical redistribution layer supported by the second shingle; and
means for coupling the redistribution layer to the first and second

shingles on second ends of the shingles opposite the first ends of the shingles.
30 19 The electronic assembly of claim 18 wherein the offset of the die and

shingles from each other are minimized to reduce the Y dimension of the

electronic assembly.
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20. A method of forming connections comprising:
stacking die to form a first shingle of offset die;
forming connections between the die of the first shingle;
stacking die to form a second shingle of offset die;

5 stacking the second shingle on top of the first shingle such that the die
offset in opposite directions and the second shingle is offset from the first
shingle an amount large enough to enable further shingles to be stacked with
decreasing offsets; and

forming connections between the die of the second shingle.
10
21. The method of claim 20 and further comprising stacking multiple
additional shingles with decreasing offset and forming connections between die

of the shingles.

15 22 The method of claim 21 and further comprising forming vertical

connections to the bottom die of each shingle.

23. The method of claim 22 and further comprising forming a redistribution

layer supported by the stack of shingles to couple to the vertical connections.
20

24, The method of claim 23 and further comprising removing a carrier

supporting the stack.

25. The method of any one of claims 20-24 and further comprising forming a

25 mold around the stack.

26. The method of claim 25 and further comprising removing a top of the

mold down to a top level die.

30 27. The method of claim 26 and further comprising forming a redistribution

layer on top of the stack of shingles and the vertical connections.
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28. A method of increasing integrated circuit die density in a package, the
method comprising:

forming multiple shingles of die, each shingle comprising multiple
stacked die that are staggered to facilitate inter-die connections; and

stacking the shingles such that a direction of die stagger of each adjacent
shingle is opposite each other and wherein the stacked shingles are offset from
each other a distance to facilitate vertical connections to a bottom die of each

shingle.

29. The method of claim 28 and further comprising:
forming vertical connections to the bottom die of each shingle;
forming a mold about the vertical connections; and

forming a redistribution layer supported by the stack of shingles.

30. The method of claim 29 and further comprising electrically coupling the

redistribution layer to the vertical connections.

31. The method of any one of claims 28-30 wherein forming multiple
shingles of die comprising forming inter-die connections between adjacent die of

each shingle prior to adding a further shingle to the stack of shingles.

32. An electronic assembly comprising:

a plurality of electronic die arranged into shingles, each shingle having at
least one die;

each shingle arranged in a stack of shingles with alternate shingles offset
in a zigzag manner to facilitate vertical electrical connections from a top of the
electronic assembly to a bottom die of each shingle, wherein the zigzag manner
of stacking shingles form a pattern of decreasing offsets facilitating alternating

opposite vertical connections to the bottom die of each successive shingle.

33. The electronic assembly of claim 32 wherein the offset of shingles from
each other is minimized to reduce the Y dimension of the electronic assembly

yet still facilitate the vertical connections.
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