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METHOD AND APPARATUS FOR INTERCONNECTING STACKED DIES USING
METAL POSTS
Cross Reference to Related Applications
[0001] This disclosure claims priority to U.5. Patent Application No. 15/047,426, filed
February 18, 2016, which claims priority to U.S. Provisional Patent Application No. 62/118,579,

filed on February 23, 2015, which is incorporated hergin by reference in its entirety.

Technical Field
[0002] Embodiments of the present disclosure relate to stacking a die on another dig,

and in particular to interconnecting stacked dies via metal posts.

Background
18003 Integrated circuit devices are formed on dies or chips that continue to scale in
size to simaller dimensions. The shrinking dimensions of the dies and semiconductor packages
are challenging conventional substrate fabrication and/or package assembly technologies that
are currently used to route electrical signals to or from the dies. Inanexample, a
semiconductor package includes a first semiconductor die stacked on top of a second
semiconductor die. it is challenging to route signals hetween the two semiconductor dies, e.g.,

because of the stacking of the two semiconductor dies.

Summary
[0004] In various embodiments, the present disclosure provides a semiconductor
package comprising a first die having (i} a first side and (ii} a second side disposed opposite the
first side of the first die, wherein the first die comprises a first plurality of bond pads formed on
the first side of the first die; a second die having (i} a first side and {ii} a second side disposed
opposite the first side of the second die, wherein the second die comprises a second plurality of
bond pads formed on the first side of the second die, wherein the second die is stacked on the
first die such that the second side of the second die is attached to the first side of the first die; a

first plurality of metal posts, wherein each of the first plurality of metal postsis formed on a
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correspeonding one of the first plurality of bond pads formed on the first side of the first die; 3
second plurality of metal posts, whearein each of the second plurality of metal posts is formed
on a corresponding one of the second plurality of bond pads formed on the first side of the
second die; and a redistribution layer configured to electrically couple (i} a first metal post of
the first plurality of metal posts and {ii} a second metal post of the second plurality of metal
posts.

[0005] in various embodiments, the present disclosure also provides a method of
forming a semiconductor package comprising forming a first die, the first die comprising (i} a
first side and {ii} a second side disposed opposite the first side of the first die; forming a first
plurality of bond pads on the first side of the first die; forming a second die, the second die
comprising (i} a first side and (ii} a second side disposed opposite the first side of the second
die; forming a second plurality of bond pads on the first side of the second die; forming a first
plurality of metal posts, wherein each of the first plurality of metal postsisformed ona
corresponding one of the first plurality of bond pads formed on the first side of the first dig;
forming a second plurality of metal posts, wherein each of the second plurality of metal posts is
formed on a corresponding one of the second plurality of bond pads formed on the first side of
the second die; subsequent to forming the first plurality of metal posts and the second plurality
of metal posts, stacking the second die on the first die such that the second side of the second
die is attached to the first side of the first die; and forming a redistribution layer that electrically
couples {i} a first metal post of the first plurality of metal posts and {ii} a second metal post of
the second plurality of metal posts.

[0006] In various embodiments, the present disclosure also provides a semiconductor
package comprising a first die having (i} a first side and (ii} a second side disposed opposite the
first side of the first die, wherein the first die comprises a first bond pad formed on the first side
of the first die; a second die having (i} a first side and {ii} 2 second side disposed opposite the
first side of the second die, wherein the second die comprises a second bond pad formed on
the first side of the second die, wherein the second die is stacked on the first die such that the
second side of the second die faces the first side of the first die; a first redistribution layer

formed on the first side of the first die, wherein the first redistribution layer comprises {i} a first
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end attached to the first bond pad, and {ii} a second end that is opposite to the first end; a first
metal post formed on the second end of the first redistribution laver; a second metal post
formed on the second bond pad that is formed on the first side of the second die; and a second
redistribution layer configured to electrically couple {i} the first metal post and (ii} the second

metal post.

Brief Description of the Drawings
[0007] Embodiments of the present disclosure will be readily understood by the
following detailed description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements. Various embodiments
are illustrated by way of example and not by way of limitation in the figures of the
accompanying drawings.
[8008] Figs. 1A-SA illustrate varicus operations associated with forming a
semiconductor package assembly comprising a first die stacked on a second die, wherein the
first die and the sacond die are interconnected via metal posts.
[0009] Fig. 9B illustrates a flow diagram of an example method for forming the
semiconductor package assembly of Figs. 1A-9A.
{0010} Figs. 10A-14 illustrate formation a semiconductor package assembly comprising
a first die stacked on a central section of an active surface of the second die, where second the

die comprises bond pads disposed in the central section of the active surface of the second die.

Betailed Description
10011} Figs. 1A-GA illustrate various operations associated with forming a
semiconductor package assembly comprising a die 104a stacked on another die 102a, wherein
the dies 102a, 104a are interconnected via metal posts. Referring to Fig. 1A, this figure
ilustrates an arrangament 100 comprising two semiconductor wafers 182 and 184, Each of the
wafers 182, 184, for example, serves as a substrate on which a corresponding plurality of
semiconductor dies {henceforth referred to as “dies”} is formed. For example, a plurality of

dies 102a, 102h, 102¢, .., 102N is formed on the water 182, and a plurality of dies 1044, 104b,



WO 2016/137837 PCT/US2016/018640

104c, ..., 102M is formed on the wafer 184. The wafers 182, 184 and the dies thereon are
formed using any appropriate technigue(s) for forming wafers and dies. Although Fig. 1A
illustrates an example number and arrangement of the dies on the wafers 182, 184, the wafers
182, 184 can include any other number and/or arrangement of dies formed thereon.

[0012] Fig. 1B illustrates a cross sectional view of the dies 102a and 104a formed on the
wafers 182 and 184, respectively, and Fig. 1C illustrates a top view of the dies 1023 and 104a.
Each of the dies 102a and 104a generally has an active side that includes a surface upon which
a plurality of integrated circuit {IC) devices {not illustrated in the figures) such as transistors for
logic and/or memory are formed, and an inactive side that is disposed opposite to the active
side. In Fig. 1B, the active sides of the dies 102a and 1043 are [abeled as Al and B1,
respectively, while the inactive sides of the dies 102a and 104a are labeled as AZ and B2,
respectively.

[0613] The surface of the die 102a on the active side of the die 102a is also referred 1o
herein as an active surface of the die 1023, and the surface of the die 104a on the active side of
the die 104a is also referred to herein as an active surface of the die 104a. In an example, the
inactive side A2 of the die 102a is attached to the water 182, and the inactive side B2 of the die
104a is attached to the wafer 184, In an embodiment, the die 104a is smaller in size compared
to the die 102a. For example, an area of the active surface of the die 104a is smaller than an
area of the active surface of the die 102a, as illustrated in Figs. 18 and 1C.

[0014] Fig. 1C illustrates the top view of the two dies 102a and 104a. The top view of
Fig. 1C illustrates the active sides Al and Bl of the dies 102a and 1043, respectively. As
iHustrated in Figs. 1B and 1€, the die 102a comprises a plurality of bond pads 112, which ara
formed on the active side Al of the die 102a {i.e., formed on the active surface of the die 102a}.
individual ones of the bond pads 112 are electrically connected to one or more corresponding
internal electrical components of the die 102a, and facilitates routing electric signals {e.g.,
input/output (I/0} signals, power signals, ground signals, etc.} to and/or from the die 102a.
[0015] in an embodiment, the bond pads 112 are arranged near a periphery of the

die 102a. For exarmple, as illustrated in Fig. 1C, the bond pads 112 are arranged along the four

edges of the die 102a (although in ancther embodiment and not illustrated in the figures, the



WO 2016/137837 PCT/US2016/018640

hond pads 112 can arranged along only one, two or three edges of the die 102a). Fig. 1C
illustrates only one line or serias of bond pads 112 along each edge of the die 102a. However,
in another embodiment and although not illustrated in Fig. 1C, the bond pads 112 can be
arranged in any other appropriate configuration near the periphery of the die 102. Inan
example, the bond pads 112 are arranged such that the bond pads do not occupy at least a
central section of the active surface of the die 102a {e.g., such that there is enough space on
the active surface of the die 1022 to stack the die 1044 thereon, as will be discussed in more
detail herein later).

[0016] As illustrated in Figs. 1B and 1C, the die 104a comprises a plurality of bond pads
114, which are formed on the active side Bl of the die 104a {i.e., formed on the active surface
of the die 104a}. Individual ones of the bond pads 114 are electrically connected to one or
more corresponding internal electrical components of the die 114, and facilitates routing
electric signals {e.g., input/output {I/0} signals, power signals, ground signals, etc.} to and/or
from the die 104a.

10017} fn an embodiment, the bond pads 114 can be arranged at any position on the
active surface of the die 104a. For example, Fig. 1C illustrates the bond pads 114 being
randomly arranged {e.g., arranged without any specific pattern} on the active surface of the die
104a {e.g., some of the bond pads are arranged near the periphery, while some are arranged
near a central section of the active surface of the die 104a}. In another example and although
not illustrated in the figures, the bond pads 114 are arranged solely along the periphery of the
die 104a. In yet ancther example and although not illustrated in the figures, the bond pads 114
are arranged in any other appropriate pattern on the active surface of the die 104a. That is,
unlike the bond pads 112 on the die 102a, the bond pads 114 on the die 104a need not
necessarily be arranged only near the periphery of the die 104a.

[0018] In an embaodiment, the bond pads 112, 114 are respectively formed on the dies
102a, 104a while the dies 102a, 104a are still attached to the waters 182, 184, respectively. In
an embodiment, the bond pads 112, 114 can be replaced by any other appropriate structure
that provides input/output connection to the dies 102a, 1043, e.g., replaced by corresponding

bump pads.
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[0019] Fig. 2 illustrates an arrangement 200, in which metal posts 132, 142 are
respectively formed on ones of the bond pads 112, 114 of the dies 102a, 1044, respectively, of
the arrangement 100 of Figs. 1A-1C. For example, each of the metal posts 132 is formed on a
corresponding one of the bond pads 112 of the die 102a. For example, a bottom end of a metal
post 132 is formed on, and makes electrical connection to a corresponding bond pad 112 of the
die 102a. Similarly, each of the metal posts 142 is formed on a corresponding one of the bond
pads 114 of the die 104a. For example, a bottom end of a metal post 142 is formed on, and
rakes electrical connection to a corresponding bond pad 114 of the die 104a.

10020} in an embodiment, the metal posts 132, 142 are metal pillars formed from an
appropriate metal or other conductive material. In an example, the metal posts 132, 142
comprise copper, while in another example, the metal posts 132, 142 comprise aluminum or
another appropriate metal.

10021} in an embodiment, all the metal posts of the metal posts 132 are substantially
similar in height, and all the metal posts of the metal posts 142 are substantially similarin
height. In an embodiment, the height of the metal posts 132 is smaller than the height of the
retal posts 142, Asillustrated in Fig. 2, in an embodiment, the metal posts 132, 142 are
formed on the dies 102a, 104a, while the dies 102a, 104a are still attached to the
corresponding wafers 182, 184,

[0022] Fig. 3 illustrates an arrangement 300, in which the wafer 184 of the arrangement
200 of Fig. 2 is singulated such that the die 1044 is separated from the other dies 104b, 104, ...,
104M of the water 184. For example, the wafer 184 is at least partially grinded or otherwise
thinned {e.g., so that a thickness of the wafer 184 decreases, not Hlustrated in the figures), and
then the wafer 184 is singulated, such that the die 104a is separated from the other dies of the
wafer 184. In an embodiment, subseguent to grinding the wafer 184 and singulating the die
104a, a thin layer of the wafter 184 may still be attached 1o the inactive side B2 of the die 104a,
although such a thin layer of the wafar 184 is not illustrated in Fig. 3. In ancother embodiment,
the water 184 is substantially completely removed from the inactive side B2 of the die 1043, as

iHustrated in Fig. 3.
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[0023] Figs. 4A and 48 illustrate an arrangement 400, in which the singulated die 104a
of the arrangement 300 of Fig. 3 is placed on the die 102a. Fig. 4A illustrates a side view of the
arrangement 400, and 4B illustrates a top view of the arrangement 400, {n the arrangement
400, the die 104a is stacked on the die 102a. For example, the inactive side B2 of the die 104a
is attached to the active side Al of the die 102a. The die 104a is attached to the die 102a using,
for example, an appropriate die attach material 116 {e.g., adhesive, paste, and/or another
appropriate die attach material).

[0024] As discussed herein earlier, the metal posts 132 on the bond pads 112 of the die
102a are arranged such that the metal posts 132 do not occupy a section {e.g., a central
section) of the active surface of the die 102a. In an embodiment, the die 104a is placed on the
section of the active surface of the die 102a that is not occupied by any of the metal posts 132.
Thus, for example, the die 104a is stacked on a central section of the active surface of the die
1023, while the metal posts 132 and the bond pads 112 are arranged near the periphery of the
die 102a.

[0025] In an embodiment, the stacking of the die 1042 on the die 102a is performed
while the die 102a is still attached to the wafer 182, in an embodiment, the heights of the
metal posts 132, 142 in the arrangement 200 of Fig. 2 are selected such that once the die 104a
is stacked on the die 102a in the arrangement 400 of Figs. 44 and 4B, the top ends of the matal
posts 132, 142 substantially lie in the same {or near same} plane.

[0026] Fig. 5 illustrates an arrangement 500, in which a moiding compound 550 is
formed on several components of the arrangement 400 of Figs. 4A and 4B. The molding
compound 550 comprises any appropriate molding compound material, e.g., epoxy, resins, etc.
in an embodiment, the molding compound 550 is deposited over the wafer 182, and
substantially encapsulates the metal posts 132, 142, the bond pads 132, 142, and the dies 102,
104, as illustrated in Fig. 5.

[0027] Fig. 6 illustrates an arrangement 600, in which the molding compound 550 is at
least in part removed from the arrangement 500 of Fig. 5. For example, a top surface of the
molding compound 550 is grinded or otherwise removed such that the top end of the metal

posts 132, 142 are exposed through the top surface of the molding compound 550. in an
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embodiment, at least a part of the top ends of the metal posts 132, 142 are also removed along
with removing the top surface of the molding compound 550, such that the top ends of the
metal posts 132, 142 are substantially flush or are at the same plane with the top surface of the
molding compound 550 {e.g., such that the top ends of the metal posts 132, 142 are exposed
through the molding compound 550).

[0028] Fig. 7 Hustrates an arrangement 700, in which one or more redistribution layers
702 are formed on the arrangement 600 of Fig. 6. For example, a redistribution layer 702
electrically connects a top end of a metal post 132 to a top end of a corresponding metal post
142. Thus, the one or more redistribution layers 702 routes signals between the metal posts
132 and metal posts 142, thereby routing signals between the dies 1023 and 104a.

[0029] The one or more redistribution layers 702 can be formed, for example, by
depositing and/or patterning an electrically conductive material such as, for example, a metal
{e.g., copper or aluminum} or a doped semiconductor material {e.g., doped polysilicon) on the
top surface of the melding compound 550. Other suitable electrically conductive materials can
be used to form the one or more redistribution layers 702 in other embediments.

[0030] The one or more redistribution layers 702 can include a variety of structures to
route electrical signals such as, pads, lands, traces, and/or the like. Fig. 7 ilustrates a single
layer of the redistribution layers 702, although in anocther embodiment {and not iliustrated in
Fig. 7}, more than one layer {e.g., two layers, three layers, etc.) of redistribution layers can also
be used.

10031} Fig. & illustrates an arrangement 800, in which a passivation layer 804 comprising
an electrically insulative material such as polyimide, for example, is deposited on the
redistribution lavers 702 of the arrangement 700 of Fig. 7. In an embodiment, the passivation
layer 804 is patterned to provide openings in the passivation layer 804. In an example, the
openings are formed over one or more of the redistribution layers 702. One or more package
interconnect structures 802 are placed in the openings.

[0032] The package interconnect structures 802 generally comprise an electrically
conductive material. The package interconnect structures 802 can be formed in a variety of

shapes including spherical, planar, or polygon shapes, and can be positioned in a variety of
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positions including in a row or in an array of multiple rows. In an example, the package
interconnect structures 802 comprise solder balls, metal posts, bumps, and/or the like.

[0033] in an embodiment, ones ot the package interconnect structures 802 is attached
o a corresponding one of the redistribution layers 702. The package interconnect structures
802 allow the dies 1023, 104a to route external signals {e.g., signals to and/or from another
semiconductor package, a printed circuit board, etc.,, not illustrated in Fig. 8} to and/or from the
dies 102a, 104a, e.g., via the bond pads 112, 114, the metal posts 132, 142, and the
redistribution layers 702. The arrangement 800 forms a package assembly that is formed on
the wafer 182. In an example, the package assembly of the arrangement 800 is a wafer level
packaging.

[0034] Fig. 9A Hllustrates an arrangement 800, in which the wafer 182 is singulated such
that the die 102a is separated from the other dies on the wafer 182, For example, the water
182 is singulated along the lines PP’ and 00 in Fig. 8. In an embodiment, the wafer 182 is at
least partially removed prior to the singulation. For example, the water 182 is grinded 1o
reduce a thickness of the wafer 182, prior to the singulation of the wafer 182, Accordingly, a
thickness of the water 182 in the arrangement 900 of Fig. 9A is less than that in the
arrangement 800 of Fig. 8. The arrangement 900, for example, forms a package assembly, e.g.,
a chip-scale package {CSP) assembly, in which the two stacked dies 102a, 104a are
interconnected to each other {and also connected to external components) via the metal posts
132, 142. The package assembly of Fig. 9A can be connected to another component {e.g., an
electronic device, a printed circuit board, another package assembly, etc.} via the package
interconnect structures 802.

[0035] Figs. 1A-8A are directed to the die 104a being stacked on the die 102a.
However, in another embodiment, more than two dies can be stacked on top of each other
{e.g., one or more dies can he stacked on top of the die 104a to form three lavers of stacked
dies}. in such an embodiment, the multiple layers of stacked dies can be interconnected using
metal posts {e.g., which are similar to the metal posts 132, 142}, as would be readily

understood by those skilled in the art based on the teachings of this disclosure.
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[0036] Fig. 9B illustrates a flow diagram of an example method 960 for forming the
semiconductor package assembly of Figs. 1A-9A. At 964, a first die {e.g., die 102a of Figs. 1A-
A} is formed {e.g., formed on the wafer 182}, In an example, the first die comprises {i} a first
side {e.g., the active side A1} and {ii} a second side {e.g., the inactive side A2} disposed opposite
the first side. Also at 964, a first plurality of bond pads {e.g., bond pads 112} is formed on the
first side of the first die. Also at 964, a first plurality of metal posts {e.g., metal posts 132} is
formed on the first die. In an example, each of the first plurality of metal posts is formed on a
corresponding one of the first plurality of bond pads formed on the first side of the first die.
00371 At 968, a second die {e.g., die 104a} is formed {e.g., formed on the wafer 184}, In
an exampie, the second die comprises (i} a first side {e.g., the active side B1} and (ii} a second
side {e.g., the inactive side B2} disposed opposite the first side. Also at 968, a second plurality
of bond pads {e.g., bond pads 114} is formed on the first side of the second die. Also at 968, a
second plurality of metal posts {e.g., metal posts 142} is formed on the second die. Inan
example, each of the second plurality of metal posts is formed on a corresponding one of the
second plurality of bond pads formed on the first side of the second die.

[0038] AL 872, the second die is stacked on the first die such that the second side of the
second die is attached to the first side of the first die, e.g,, as llustrated in Figs. 44 and 48, At
8976, a redistribution layer {e.g., one of the redistribution layers 702 of Figs. 7 and 8} is formed.
In an example, the redistribution layer electrically couples {i} a first metal post of the first
piurality of metal posts and {ii} a second metal post of the second plurality of metal posts. inan
example, the first die, the second die, the first and second plurality of metal posts, and the
redistribution laver form a semiconductor package assembly. In an example, the first die
communicates with the second die via at least the first metal posi, the redistribution layer, and
the second metal post.

[0039] fn Figs. 1A-9A, the bond pads 112 {and the metal posts 132} are disposed near a
periphery of the die 102a, but not disposed on a central section of the die 102a. However, in
ancther embodiment, it may be desired to dispose the bond pads even in a central section of a

die, on which another die is stacked.

10



WO 2016/137837 PCT/US2016/018640

[0040] Figs. 10A-14 illustrate formation a package assembly comprising a die 1004a
stacked on a die 1002a, where the die 1002a comprises bond pads disposed even in a central
section of an active surface of the die 1002a. Referring to Fig. 10a, this figure illustrates an
arrangement 1000 in which the die 1002a is formed on a wafer 1082, and the die 10043 is
formed on a wafer 1084. The wafers 1082, 1084 are substantially similar to the wafers 182, 184
of Fig. 1A, and hence, the wafers 1082, 1084 {and varicus dies formed on these wafers} are not
discussed in further detall herein,

[0041] Fig. 10B illustrates a top view of the dies 1002a and 1004a. Similar to dies 102a,
104a of Figs. 1A and 1B, the dies 1002a, 1004a of Figs. 10A and 108 has bond pads 1012, 1014
dispased throughout an active surface of the dies 10023, 10043, respectively. However, unlike
the die 102a of Figs. 1A and 18 {in which no bond pads were disposed in the central section of
the die 102a), the die 1002a of Figs. 10A and 108 has bond pads 1012 disposed throughout an
active surface of the die 1002a. For example, some of the bond pads 1012 are disposed on a
central section of the die 10023, while some of the bond pads 1012 are disposed near the
periphery of the die 1002a.

[0042] Fig. 11 iHustrates an arrangement 1100, in which one or more redistribution
layers 1140 are formed on the die 1002a. For example, each of the redistribution layers 1140
has a first end attached to a corrasponding one of the bond pads 1012, and a second end that is
disposed near a periphery of the die 1002a. That is, none of the second ends of the
redistribution layers 1140 is disposed on a central section of the die 1002z {although the central
section of the die 1002a has at least some of the bond pads 1012 disposed thereon}). The cne
or more redistribution layers 1140 can be formed, for example, by depositing and/or patterning
an electrically conductive material such as, for example, a metal {e.g., copper or aluminumjora
doped semiconductor material {e.g., doped polysilicon) on the active surface of the die 1002a.
Other suitable electrically conductive materials can be used to form the one or more
redistribution layers 1140 in other embodiments.

[0043] Fig. 11 also illustrates a passivation layer 1150 comprising an electrically
insulative material (such as polyimide, for example} being deposited on the redistribution layers

1140. in an embodiment, the passivation layer 1150 is patterned to provide openings in the

11
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passivation layer. In an example, the openings are formed over the above discussed second
ends of the redistribution layers 1140, Thus, the passivation layer 1150 encapsuiates the bond
pads 1012 and the first ends of the redistribution layers 1140 {e.g., where the first end of 2
redistribution layer 1140 is the end that is attached to a corresponding bond pad 1012), while
the passivation layer 1150 exposes the second ends of the redistribution layers 1140 (e g.,
where the second end of a redistribution layer 1140 is opposite to the first end of the
redistribution layer 1140}

[0044] Fig. 12 ilustrates an arrangement 1200, in which metal posts 1032 are formed
o the second ends of the redistribution layers 1140 of the die 10023, and metal posts 1042 are
formed on the bond pads 1014 the die 1004a. As the second ends of the redistribution layers
1140 are not disposed in the central section of the active surface of the die 10024, the metal
posts 1032 are also not disposed in the central section of the active surface of the die 1002a.
The metal posts 1032, for example, are disposed along or near the periphery of the active
surface of the die 1002a. Metal posts have been previcusly discussed herein in detail, and
accordingly, a more detailed description of the metal posts 1032, 1042 is omitted herein.
[0045] Although not illustrated in the figures {and as discussed with respect to Fig. 3},
the wafer 1084 in the arrangement 1200 is singulated such that the die 1004a is separated from
ogther dies in the wafer 1084. As also discussed with respect to Fig. 3, the water 1084 is grinded
o at least partially or completely remove the water 1084 from the inactive side of the die
1004a.

10046] As illustrated in Fig. 13, in an arrangement 1300, the die 1004a is then stacked
on the die 10023, as discussed with respect to Figs. 4A and 4B previously herein. Although the
not illustrated in the figures, the arrangement 1300 is then processed in a manner that is at
least in part similar to the processing discussed with respect to Figs. 5-9A. As illustrated in Fig.
14, such processing involves, for example, encapsulating the arrangement 1300 by a molding
compound 1550, grinding the molding compound 1550 to expose the top ends of the metal
posts 1032, 1042, forming redistribution layers 1072 on the top surface of the molding
compound 1550, depositing passivation layer 1804 on the redistribution layers 1702, forming

openings in the passivation layer 1804, forming package interconnect structures 1802 in the
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openings of the passivation layer 1804, singulating the wafer 1082 to separate the die 1002a
from other dies of the wafer 1082, and reducing a thickness of the water 1082, Such processing
has been discussed in detaii herein earlier, and will not be repeated for the sake of brevity.
Such processing results in a final package assembly 1400, as illustrated in Fig. 14.

10047} In an example, various operations discussed herein above can be appropriately
modified. For example, Figs. 12 and 13 illustrate forming metal posts on the dies 1002a, 1004a,
and subsequently stacking the die 1004a on the die 1002a. However, in another embodiment,
the operations described with respect to Fig. 12 can be bypassed. For example, subsequent to
the arrangement 1100 of Fig. 11, the die 1004a can be stacked on the die 1002a {e.g., prior to
forming any metal posts on the dies 1004a, 10024, not illustrated in the figures]. Subsequent to
stacking the die 1004a on the die 1002a, the metal posts 1032 can be formed on the second
ends of the redistribution layers 1140 of the die 10023, and the metal posts 1042 can be
formed on the bond pads 1014 the die 10043, thereby resulting in the arrangement 1300 of Fig.
13.

10048] The arrangement 1400, for example, forms a package assembly, e.g., a chip-scale
package {CSP} assembily, in which the two stacked dies 1002a, 1004a are interconnected o
each other {and also connected o external components) via the metal posts 1032, 1042. The
redistribution layers 1140 allow one or more of the bond pads 1012 1o be formed avenon a
central section of the die 10024, as discussed herein earlier. The package assembiy of Fig. 14
can be connected to another component {e.g., an electronic device, a printed circuit board,
another package assembly, etc.} via the package interconnect structures 1802,

100431 Further aspects of the present invention relate to one or more of the following
clauses. In an example, a semiconductor package comprises a first die having (i} a first side and
{il} a second side disposed opposite the first side of the first die, wherein the first die comprises
a first piurality of bond pads formed on the first side of the first die; a second die having (i} a
first side and {ii} a second side disposed opposite the first side of the second die, wherein the
second die comprises a second plurality of bond pads formed on the first side of the second die,
wherein the second die is stacked on the first die such that the second side of the second die is

attached to the first side of the first die; a first plurality of metal posts, wherein each of the first
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plurality of metal posts is formed on a corresponding one of the first plurality of bond pads
formed on the first side of the first die; a second plurality of metal posts, wherein each of the
second plurality of metal posts is formed on a corresponding one of the second plurality of
bond pads formed on the first side of the second die; and a redistribution layer configured to
electrically couple {i} a first metal post of the first plurality of metal posts and {ii} a second
metal post of the second plurality of metal posts. In an example, each of the first plurality of
metal posts comprises {i} a first end that is attached to the corresponding one of the first
plurality of bond pads formed on the first side of the first die and {ii} a second end that is
opposite the first end; each of the second plurality of metal posts comprises {i} a first end that
is attached to the corresponding one of the second plurality of bond pads formed on the first
side of the second die and {ii} a second end that is opposite the first end; and the redistribution
layer is configured 1o electrically couple {i} a second end of the first metal post of the first
piurality of metal posts and {ii} a second end of the second metal post of the second plurality of
metal posts. In an example, the semiconductor package further comprises a substrate, wherein
the second side of the first die is attached to the substrate. In an example, the semiconductor
package further comprises a molding compound that substantially surrounds the first plurality
of metal posts and the second plurality of metal posts. in an example, the semiconductor
package further comprises die attach material, wherein the second side of the second die is
attached to the first side of the first die via the die attach material. In an example, the
semiconductor package further comprises a package interconnect structure formed on the
redistribution layer, wherein the package interconnect structure is configured to route signals
between {i} the semiconductor package and {ii} a component that is external to the
semiconductor package. In an example, the first plurality of bond pads are formed near a
periphery of the first side of the first die; and the second die is stacked on the first die such that
the second side of the second die is attached o a central section of the first side of the first die.
In an example, the second die is stacked on the first die such that the second side of the secand
die is attached to a first section of the first side of the first die; and no bond pad of the first

plurality of bond pads is formed on the first section of the first side of the first die.
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[0050] in an exampie, a method of forming a semiconductor package comprises forming
a first die, the first die comprising {i} a first side and {ii} a second side disposed opposite the first
side of the first die; forming a first plurality of bond pads on the first side of the first die;
forming a second die, the second die comprising {i} a first side and {li} a second side disposed
opposite the first side of the second die; forming a second plurality of bond pads on the first
side of the second die; forming a first plurality of metal posts, wherein each of the first plurality
of metal posts is formed on a corresponding one of the first plurality of bond pads formed on
the first side of the first die; forming a second plurality of metal posts, wherein each of the
second plurality of metal posts is formed on a corresponding one of the second plurality of
hond pads formed on the first side of the second die; subseqguent to forming thea first plurality
of metal posts and the second plurality of metal posts, stacking the second die on the first die
such that the second side of the second die is attached to the first side of the first die; and
forming a redistribution layer that electrically couples {i} a first metal post of the first plurality
of metal posts and {ii} a second metal post of the second plurality of metal posts. In an
example, each of the first plurality of metal posts comprises (i} a first end that is attached to the
corresponding one of the first plurality of bond pads formed on the first side of the first die and
{ii} a second end that is opposite the first end, wherein each of the second plurality of metal
posts comprises (i) a first end that is attached to the corresponding one of the second plurality
of bond pads formed on the first side of the second die and {ii} a second end that is opposite
the first end, and wherein forming the redistribution layer comprises: forming the
redistribution layer such that the redistribution layer is attached to {i} a second end of the first
metal post of the first plurality of metal posts and (ii} a second end of the second metal post of
the second plurality of metal posts. In an example, forming the first die comprises forming a
first plurality of dies on a first wafer, the first plurality of dies including the first die; forming the
second die comprises forming a second plurality of dies on a second wafer, the second plurality
of dies including the second die; the second side of the first die is attached to the first wafer
and the second side of the second die is attached to the second wafer; forming the first
plurality of metal posts comprises while the first die is attached to the first wafer, forming the

first plurality of metal posts on the first die; and forming the second plurality of metal posts
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comprises while the second dig is attached to the second wafer, forming the second phurality of
metal posts on the second die. In an example, the method further comprises subsequent to
forming the second plurality of metal posts and prior to stacking the second die on the first die,
removing the second die from the second wafer, wherein while the first die is attached to the
first wafter, the second die is stacked on the first die. in an example, the method further
comprises forming a molding compound that substantially surrounds the first plurality of metal
posts and the second plurality of metal posts. in an example, stacking the second die on the
first die comprises: stacking the second die on the first die such that the second side of the
second die is attached to the first side of the first die via die attach material. In an example, the
methad further comprises forming a package interconnect structure on the redistribution layer;
routing signals, via the package interconnect structure, between (i} the semiconductor package
comprising the first die and the second die, and {ii} a component that is external to the
semiconductor package. In an example, forming the first plurality of bond pads on the first side
of the first die comprises forming the first plurality of bond pads near a periphery of the first
side of the first die; and stacking the second die on the first die comprises stacking the second
die on the first die such that the second side of the second die is attached to a central section of
the tirst side of the first die. In an example, stacking the second die on the first die comprises
stacking the second die on the first die such that the second side of the second die is attached
o a first section of the first side of the first die; and no bond pad of the first plurality of bond
pads is formed on the first section of the first side of the first die.

[0051] In an example, a semiconductor package comprises a first die having {i} a first
side and (i} a second side disposed opposite the first side of the first die, wherein the first die
comprises a first bond pad formed on the first side of the first die; a second die having (i} a first
side and ({ii} a second side disposed opposite the first side of the second die, wherein the
second die comprises a second bond pad formed on the first side of the second die, wherein
the second die is stacked on the first die such that the second side of the second die faces the
first side of the first die; a first redistribution layer formed on the first side of the first die,
wherein the first redistribution layer comprises (i} a first end attached to the first bond pad, and

{ii} a second end that is opposite to the first end; a first metal post formed on the second end of
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the tirst redistribution layer; a second metal post formed on the second bond pad that is
formed on the first side of the second die; and a second redistribution layer configured to
electrically couple (i} the first metal post and (ii} the second metal post. In an example, the
sermiconductor package further comprises a passivation layer formed on the first side of the
first die, wherein the passivation layer at least in part covers the first bond pad formed on the
first side of the first die, wherein the second die is stacked on the first die such that the second
side of the second die is over a section of the passivation layer that covers the first bond pad.
in an example, the semiconductor package further comprises a molding compound that
substantially surrounds the first metal post and the second metal post.

[0052] The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. The terms
“comprising,” “having,” and “including” are synonymous, unless the context dictates otherwise.
The phrase “A and/or B” means {A}, (B}, or {A and B}. The phrase “A/B” means (A}, (B}, or (A
and B}, similar to the phrase “A and/or B.” The phrase “at least one of A, B and C” means {A)},
{B}, {C), (Aand B), (Aand C}, (B and C or {A, B and C}. The phrase “{A} B” means (B} or {A and
B}, that is, A is optional.

[0053] Although certain embodiments have been illustrated and described herein, a
wide variety of alternate and/or equivalent embodiments or implementations calculated to
achieve the same purposes may be substituted for the embodiments iliustrated and described
without departing from the scope of the present invention. This application is intended to
cover any adaptations or variations of the embodiments discussed herein. Therefore, itis
manifestly intanded that embodiments in accordance with the present invention be limited

only by the claims and the equivalents thereof.
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Claims
What is claimed is:
1. A semiconductor package comprising:

a first die having {i} a first side and {ii) a second side disposed opposite the first side of
the first die, wherein the first die comprises a first plurality of bond pads formed on the first
side of the first die;

a second die having (i} a first side and {il} a second side disposed opposite the first side
of the second die, wherein the second die comprises a second plurality of bond pads formed on
the first side of the second die, wherein the second die is stacked on the first die such that the
second side of the second die is attached to the first side of the first die;

a first plurality of metal posts, wherein each of the first plurality of metal posts is
formed on a corresponding one of the first plurality of bond pads formed on the first side of the
first die;

a second plurality of metal posts, wherein each of the second plurality of metal posts is
formed on a corresponding one of the second plurality of bond pads formed on the first side of
the second die; and

a redistribution layer configured to elactrically couple (i} a first metal post of the first

piurality of metal posts and {ii} a second metal post of the second plurality of metal posts.

2. The semiconductor package of claim 1, wherein:

each of the first plurality of metal posts comprises {i} a first end that is attached to the
corresponding one of the first plurality of bond pads formed on the first side of the first die and
{il} a second end that is opposite the first end;

each of the second plurality of metal posts comprises {i} a first end that is attached to
the corresponding one of the second plurality of bond pads fermed on the first side of the
second die and (i) a second end that is opposite the first end; and

the redistribution layer is configured to electrically couple {i} a second end of the first
metal post of the first plurality of metal posts and {ii} a second end of the second metal post of

the second plurality of metal posts.
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3. The semiconductor package of claim 1, further comprising:

a substrate, wherein the second side of the first die Is attached to the substrate.

4, The semiconductor package of claim 1, further comprising:
a molding compound that substantially surrounds the first plurality of metal posts and

the second plurality of metal posts.

5. The semiconductor package of claim 1, further comprising:
die attach material, wherein the second side of the second die is attached fo the first

side of the first die via the die attach material.

6. The semiconductor package of claim 1, further comprising:
a package interconnect structure formed on the redistribution layer, wherein the
package interconnect structure is configured to route signals between (i) the semiconductor

package and {ii} a component that is external to the semiconductor package.

7. The semiconductor package of claim 1, wherein:

the first plurality of bond pads are formed near a periphery of the first side of the first
die; and

the second die is stacked on the first die such that the second side of the second die is

attached to a central section of the first side of the first die.

3. The semiconductor package of claim 1, wherein:

the second die is stacked on the first die such that the second side of the second die is
attached 1o a first section of the first side of the first die; and

no bond pad of the first plurality of bond pads is formed on the first section of the first

side of the first die.
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8, A method of forming a semiconductor package, the method comprising:

forming a first die, the first die comprising {i} a first side and {ii} a second side disposed
opposite the first side of the first die;

forming a first plurality of bond pads on the first side of the first die;

forming a second die, the second die comprising {i} a first side and {ii} a second side
disposad opposite the first side of the second die;

forming a second plurality of bond pads on the first side of the second die;

forming a first plurality of metal posts, wherein each of the first plurality of metal posts
is formed on a corresponding one of the first plurality of bond pads formed on the first side of
the first die;

forming a second plurality of metal posts, wherein each of the second plurality of metal
posts is formed on a corresponding one of the second plurality of bond pads formed on the first
siche of the second die;

subsequant to forming the first plurality of metal posts and the second plurality of metal
posts, stacking the second die on the first die such that the second side of the second die is
attached to the first side of the first die; and

forming a redistribution layer that electrically couples {i} a first metal post of the first

piurality of metal posts and {ii} a second metal post of the second plurality of metal posts.

10. The method of claim 9, wherein each of the first plurality of metal posts comprises {i} a
first end that is attached to the corresponding one of the first plurality of bond pads formed on
the first side of the first die and (ii} a second end that is opposite the first end, wherein each of
the second plurality of metal posts comprises (i} a first end that is attached to the
corresponding one of the second plurality of bond pads formed on the first side of the second
die and (ii} a second end that is opposite the first end, and wherein forming the redistribution
laver comprises:

forming the redistribution layer such that the redistribution layer is attached to {i} a
second end of the first metal post of the first plurality of metal posts and {ii} a second end of

the second metal post of the second plurality of metal posts.
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11 The method of claim 9, wherein:
forming the first die comprises
forming a first plurality of dies on a first wafer, the first plurality of dies including
the first die;
forming the second die comprises
forming a second plurality of dies on a second wafer, the second plurality of dies
including the second die;
the second side of the first die is attached to the first wafer and the second side of the
second die is attached to the second wafer;
forming the first plurality of metal posts comprises
while the first die is attached to the first wafer, forming the first plurality of
metal posts on the first die; and
forming the second plurality of metal posts comprises
while the second die is attached to the second wafer, forming the second

plurality of metal posts on the second die.

12. The method of dlaim 11, further comprising:

subseguent to forming the second plurality of metal posts and prior to stacking the
second die on the first die, removing the second die from the second wafer,

wherein while the first die is attached to the first wafer, the second die is stacked on the

first die.

13. The method of daim 9, further comprising:

forming a molding compound that substantially surrounds the first plurality of metal

posts and the second plurality of metal posts.
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14. The method of claim 9, wherein stacking the second die on the first die comprises:
stacking the second die on the first die such that the second side of the second die is

attached to the first side of the first die via die attach material.

15. The method of claim 9, further comprising:

forming a package interconnect structure on the redistribution laver;

routing signals, via the package interconnect structure, between (i) the semiconductor
package comprising the first die and the second die, and {ii} a component that is external to the

semiconductor package.

16. The method of claim 9, wherein:
forming the first plurality of bond pads on the first side of the first die comprises
forming the first plurality of bond pads near a periphery of the first side of the
first die; and
stacking the second die on the first die comprises
stacking the second die on the first die such that the second side of the second

die is attached 1o a central section of the first side of the first die.

17. The method of claim 9, wherein:
stacking the second die on the first die comprises
stacking the second die on the first die such that the second side of the second
die ks attached to a first section of the first side of the first die; and
no bond pad of the first plurality of bond pads is formed on the first section of the first

side of the first die.

18. A semiconductor package comprising:
a first die having {i} a first side and {ii) a second side disposed opposite the first side of
the first die, wherein the first die comprises a first bond pad formed on the first side of the first

die;
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a second die having {i} a first side and {ii} a second side disposed opposite the first side
of the second die, wherein the second die comprises a second bond pad formed on the first
side of the second die, wherein the second die is stacked on the first die such that the second
side of the second die faces the first side of the first die;

a first redistribution layer formed on the first side of the first die, wherein the first
redistribution layer comprises {i} a first end attached to the first bond pad, and (ii} a3 second end
that is opposite to the first end;

a first metal post formed on the second end of the first redistribution layer;

a second metal post formed on the second bond pad that is formed on the first side of
the second die; and

a second redistribution layer configured to electrically couple {i) the first metal post and

{ii} the second metal post.

i8. The semiconductor package of claim 18, further comprising:

a passivation layer formed on the first side of the first die, wherein the passivation layer
at least in part covers the first bond pad formed on the first side of the first die,

wherein the second die is stacked on the first die such that the second side of the

sacond die is over a saction of the passivation layer that covers the first bond pad.

20. The semiconductor package of claim 18, further comprising:

a molding compound that substantially surrounds the first metal post and the second

metal post.
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' 960

Form a first dig, wherein the first die comprises (i) a first side and (i) a second side
disposed opposite the first side;
form a first plurality of bond pads on the first side of the first die; and
form a first plurality of metal posts, wherein each of the first plurality of metal posis is
formed on g corresponding one of the first plurality of bond pads formed on the first
side of the first die

:

Form a second die, the second die comprising {i) a first side and (ii) a second side
disposed opposite the first side;
form a second pluralily of bond pads on the first side of the second die; and
form a second plurality of metal posts, wherein each of the second plurality of metal
posts is formed on a corresponding one of the second plurality of bond pads formed
on the first side of the second die

'

Stack the second die on the first die such that the second side of the second die is attached
1o the first side of the first die

:

Form a redistribution layer that electrically couples (i} a first metal post of the first plurality
of metal posts and (ii} a second metal post of the second plurality of metal posts

Fig. 98
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 4-10, 13-17

Group Ia: Directed to the subject matter of claims
1-2,4-10,11-17 (c.f. claims 2 and 10)

Re. cls. 2 and 10 the surplus technical features with
respect to the known claims 1 and 9 (see the attached
reasoning for the lack of novelty of claims 1 and 9 with
respect to document WO 2009/022991 (D1)) is each of the
first plurality of metal posts (108) comprises (i) a first
end that is attached to the corresponding one of the first
plurality of bond pads (136 - interconnect region - (par.
32) which define 1/0 pads of the die - see page 10, line
8-9) formed on the first side of the first die (102) and
(ii) a second end that is opposite the first end (see fig.
3a and par. 42); each of the second plurality of metal posts
(110) comprises (i) a first end that is attached to the
corresponding one of the second plurality of bond pads (138
- interconnect region (par. 32) which define I1/0 pads of the
die - see page 10, line 8-9) formed on the first side of the
second die (104) and (ii) a second end that is opposite the
first end (see fig. 3c and par. 43); and the redistribution
layer (132) is configured to electrically couple (i) a
second end of the first metal post of the first plurality of
metal posts and (ii) a second end of the second metal post
of the second plurality of metal posts (par. 46).

As all of the features of claims 2 and 10 are known from D1
(see figure 3h) none of them can form a contribution over
the known prior art.

Although the surplus technical features of the dependent
claim 4-8 and 13-17 are not the same, they could be searched
without any additional effort and thus they form the basis
of the 1st searched invention.

2. claims: 3, 11, 12

Group Ib: Claims 3, 11,12 (c.f claims 3 and 11)

Re. c1. 3 the surplus technical features with respect to the
known claim 1 is a substrate, wherein the second side of the
first die is attached to the substrate.

The problem to be solved by claims 3 and its corresponding
method claim 11 is improving the mechanical stability of the
package.

3. claims: 18-20

Group 2: Directed to the subject matter of claims 18-20 (c.f
claim 18)

The surplus features of claim 18 surplus to this known
common concept (between claims 1 and 18) are: the second die
is stacked on the first die such that the second side of the
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second die faces the first side of the first die; another
(Tabelled first) redistribution Tayer formed on the first
side of the first die, wherein the first redistribution
layer comprises (i) a first end attached to the first bond
pad, and (ii) a second end that is opposite to the first
end; the first metal post is formed on the second end of the
first redistribution layer;

The problem to be solved by the surplus features of claim 18
being directed to the formation of redistribution layer on
the first side of the first die in order to solve the
problem of being able to still use a first die having bond
pads in the central region of the first die, yet still be
able to electrically connect them to the second die which
also sits on top of the first die (see also figs. 11-14 and
paragraph 42 of the application).
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