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A device includes a Through-Assembly Via (TAV) Module,
which includes a substrate, a plurality of through-vias pen-
etrating through the substrate, and a second plurality of metal
posts at a bottom surface of the TAV module and electrically
coupled to the plurality of through-vias. A polymer includes
a first portion between and contacting sidewalls of the first
package component and the TAV module, a second portion
disposed between the first plurality of metal posts, and a third
portion disposed between the second plurality of metal posts.

(73) Assignee: Taiwan Semiconductor Manufacturing
Company, Ltd., Hsin-Chu (TW)

(21) Appl. No.: 13/352,937

(22) Filed: Jan. 18, 2012 A first plurality of Redistribution Lines (RDLs) is underlying
a bottom surface of the second and the third portions of the
Publication Classification polymer. A second plurality of RDLs is over the first package
component and the TAV module. The first plurality of RDLs
(51) Int.ClL is electrically coupled to the second plurality of RDLs
HO5K 7/04 (2006.01) through the plurality of through-vias in the TAV module.
64~1
64~ NN
NN - 62
64~
64~ HHEE
54 54 54 54 40
\ Q) OO OO O l_/
1l TN U A AL AT 1
= = N |
46428 28

GV e e e T B
S I N T N i N

AN AN} ST AN} 1ANI ST
[ ] [« p) [ 1 [ 1 0 1 [ ]

N I N N N

IPR2026-00303

Apple Inc. v. Topwire LLC
Apple's Exhibit 1003
EX1003, Page 1



US 2013/0182402 A1

Jul. 18,2013 Sheet 1 of 11

Patent Application Publication

[ 'DIAd
[i}4
Ve [4 ¢ zz
A TAN TAS Yie Ve
\ \ \ o) ) )
R B b= BN N AN AR
S¢ 12
| I |
8¢ 8¢

[

SRR

EX1003, Page 2



Patent Application Publication Jul. 18,2013 Sheet 2 of 11 US 2013/0182402 A1

> 30/32

/ \
I I

PEEOEOOOROOEO® G
PEPEPPEEOOOOO® O
(PEPEEEOEOOO OO ®
PPEEEOOOOO OO O

20/22
N
24
FIG. 2

ONONONONONORORONORONONONO),
ONONONORONORONONONONONONO,
ONORONONONORONONONONONONO),

|@@@@@@@@@@@@@|

l l
\ 7

30/32 <

EX1003, Page 3



Patent Application Publication Jul. 18,2013 Sheet 3 of 11 US 2013/0182402 A1

(=)
<r

20
FIG. 3

EX1003, Page 4



Patent Application Publication Jul. 18,2013 Sheet 4 of 11 US 2013/0182402 A1

20
FIG. 4

EX1003, Page 5



Patent Application Publication Jul. 18,2013 Sheet 5 of 11 US 2013/0182402 A1

Y
\
4

N
N
4

o N

-

48
FIG. 5

24
)

Y
/
4

EX1003, Page 6



US 2013/0182402 A1

Jul. 18,2013 Sheet 6 of 11

Patent Application Publication

9 q 8¢

9 'DId

EX1003, Page 7



Patent Application Publication Jul. 18,2013 Sheet 7 of 11 US 2013/0182402 A1

(=)
©
A

<
o}
7o

TV T

564

EX1003, Page 8



Patent Application Publication Jul. 18,2013 Sheet 8 of 11 US 2013/0182402 A1

> 60

] IMIM

62
A e e S e e S e N

Q)
74

[\
ra—

QY
7

N\
v

QY
74

M le le

VU U U U

2
D

46,28
561

EX1003, Page 9




Patent Application Publication Jul. 18,2013 Sheet 9 of 11 US 2013/0182402 A1

> 60

> 62

0

64~
64~
64~
64~
54
\
N

4
\

S e S G S i
FIG. 10

569

EX1003, Page 10



Patent Application Publication

64

Jul. 18,2013 Sheet 10 of 11

|
AV S e o S o o Sk e

N

VU U UT

56 <

US 2013/0182402 A1

EX1003, Page 11



Patent Application Publication Jul. 18,2013 Sheet 11 of 11 US 2013/0182402 A1

66/66C  66/66C 66/66C

\
J

>y
o
Q
[
N

©® ®
© ©®
® © ]
©® ®
© ©®
© ©
© © 9>
© ®

© ©@ ]
©

R

™

—30/32
28—~

~28

100000100000

N—

A

@E||© © © @ @ © © © @ ® @ ©

} 30/32

%ﬂ
66/66A \  66/66A
66/668 66/66B

4110 @
|

© © @ © ® ® © © @ © ® © || ~

@ @ © © © ©® @ @ ©® @ © © @||© © [

JUOUOUUUTUUT o=
— e o ||@ © ©®@ @ ©@ @ @ @ @ @ @ @ @

e ©
e ©
:—H@@

\t;;"@@

36

: :ﬁ'@@
—:Il@@
[ 1@ ©
—:':

—

il
-4

®
®
-
4
66/66A 66/66A

66/66B 66/66B

66/66A

66/66B 66/66B
66/66A 66/66A

JD

EX1003, Page 12




US 2013/0182402 Al

POP STRUCTURES INCLUDING
THROUGH-ASSEMBLY VIA MODULES

BACKGROUND

[0001] In a conventional Package-on-Package (POP) pro-
cess, a top package is bonded to a bottom package. The top
package and bottom package may also have device dies pack-
aged therein. By adopting the PoP process, the integration
level of the packages may be increased.

[0002] In an existing PoP process, the bottom package is
formed first, which includes a device die bonded to a package
substrate. A molding compound is then molded on the pack-
age substrate, wherein the device die is molded in the molding
compound. The package substrate further includes solder
balls formed thereon, wherein the solder balls and the device
die are on a same side of the package substrate. The solder
balls are used for connecting the top package to the bottom
package. Accordingly, the heights of the solder balls need to
be greater than the thickness of the device die, so that the top
portions of the solder balls may protrude above the top sur-
face of the device die, and above the top surface of the mold-
ing compound. Accordingly, the lateral sizes of the solder
balls are also large, and the amount of the solder balls that can
be used in a PoP structure is limited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] For a more complete understanding of the embodi-
ments, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0004] FIGS. 1 through 9 are cross-sectional views and a
top view of intermediate stages in the manufacturing of a
Package-on-Package (PoP) structure in accordance with
some exemplary embodiments;

[0005] FIGS. 10 and 11 are cross-sectional views of the
PoP structures in accordance with alternative exemplary
embodiments; and

[0006] FIG. 12 illustrates a top view of a package compo-
nent and Through-Assembly Via (TAV) modules placed on a
carrier and a release layer.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0007] The making and using of the embodiments of the
disclosure are discussed in detail below. It should be appre-
ciated, however, that the embodiments provide many appli-
cable inventive concepts that can be embodied in a wide
variety of specific contexts. The specific embodiments dis-
cussed are illustrative, and do not limit the scope of the
disclosure.

[0008] A Package-on-Package (PoP) structure and the
methods of forming the same are provided in accordance with
various exemplary embodiments. The intermediate stages of
forming the PoP structure are illustrated. The variations of the
embodiments are discussed. Throughout the various views
and illustrative embodiments, like reference numbers are
used to designate like elements.

[0009] FIGS. 1 through 9 are cross-sectional views and a
top view of intermediate stages in the manufacturing of a
Package-on-Package (PoP) structure in accordance with
some exemplary embodiments. FIG. 1 illustrates carrier 20
and release layer 22 on carrier 20. Carrier 20 may be a glass
carrier, a ceramic carrier, or the like. Release layer 22 may be
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formed of an adhesive such as an Ultra-Violet (UV) glue.
Package component 24 and Through-Assembly Via (TAV)
modules 28 are then placed on release layer 22. The bottom
surfaces of package component 24 and TAV modules 28 are in
contact with the top surface of release layer 22, and are level
with each other. The position of package component 24 and
TAV modules 28 are accurately aligned to desirable locations,
so that the subsequent formed redistribution lines may elec-
trically couple to metal posts 26 and 30. In some embodi-
ments, package component 24 includes one or a plurality of
device dies. For example, package component 24 may
include a Central Computing Unit (CPU) die or another type
oflogic die having logic circuits. In alternative embodiments,
package component 24 includes a plurality of memory dies
stacked together (please refer to FIG. 11). In the embodiments
wherein package component 24 is a device die, package com-
ponent 24 may include semiconductor substrate 25 and active
devices (such as transistors) 27 at a top surface of semicon-
ductor substrate 25. The bottom surface of semiconductor
substrate 25 is thus in contact with release layer 22. Semicon-
ductor substrate 25 may be free from through-substrate vias
formed therein, although through-substrate vias may also be
formed to penetrate through semiconductor substrate 25.
Package component 24 may also be a package that includes
device die(s), interposer(s), package substrate(s) (not shown),
and/or the like. Metal posts 26 (such as copper posts) are
formed as a top portion of package component 24.

[0010] TAV modules 28 are integrated modules that are
pre-formed before being placed on release layer 22. TAV
modules 28 include substrate 34, which may be a semicon-
ductor substrate such as a silicon substrate. Alternatively,
substrate 34 is a dielectric substrate such as a glass substrate.
Through-substrate vias 32 are formed in substrate 34 for
inter-coupling the conductive features on opposite sides of
substrate 34. Through-substrate vias 32 are formed of a con-
ductive material, which may include copper, aluminum, tung-
sten, and/or the like. In some embodiments, bottom ends 32A
of'through-substrate vias 32 are level with the bottom surface
34A of substrate 34. Accordingly, bottom ends 32A of
through-substrate vias 32 may be in contact with release layer
22. TAV modules 28 may also include metal posts 30 (such as
copper posts) formed as top portions of TAV modules 28. The
top surfaces of metal post 26 and 30 are substantially level
with each other.

[0011] No active devices such as transistors are formed in
TAV modules 28. In accordance with some embodiments,
TAV modules 28 do not include passive devices such as
capacitors, inductors, resistors, and/or the like. In alternative
embodiments, TAV modules 28 may include the passive
devices therein. Exemplary capacitor 36 is illustrated in FIG.
12, which capacitor 36 includes two or more parallel metal
strips 66 that penetrate through substrate 34 to form the
capacitor plates of capacitor 36. TAV modules 28 may include
redistribution layer(s) that include redistribution lines and
metal pads on the top sides of TAV modules 28. Alternatively,
no redistribution layer is formed on either side of one or each
of TAV modules 28, and metal posts 30 are connected to, and
are aligned to, through-substrate vias 32, with no redistribu-
tion lines between metal posts and through-substrate vias 32.
[0012] FIG. 2 illustrates a top view of the structure in FIG.
1. In accordance with some embodiments, TAV modules 28
are disposed on opposite sides of package component 24.
Although two TAV modules 28 are illustrated, there may be
one or more than two TAV modules 28. TAV modules 28 may
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have an identical structure. Alternatively, TAV modules 28
may have different structures with different counts of metal
posts 30, different layouts of metal posts 30, different sizes,
and/or different materials. The plurality of TAV modules 28
may be laid out on release layer 22 with any layout.

[0013] Referring to FIG. 3, polymer 40 is molded on pack-
age component 24 and TAV modules 28. Polymer 40 fills the
gaps between package component 24 and TAV modules 28,
and may be in contact with release layer 22. Furthermore,
polymer 40 is filled into the gaps between metal posts 26, and
into the gaps between metal posts 30. Polymer 40 may
include a molding compound, a molding underfill, or akind of
epoxy. The top surface of polymer 40 may be level with or
higher than the top surfaces of metal posts 26 and 30. A
grinding step may be performed to grind polymer 40, until
metal posts 26 and 30 are exposed. Line 39 marks an exem-
plary position of the top surface of polymer 40 after the
grinding.

[0014] Next, referring to FIG. 4, Redistribution Lines
(RDLs) 42 and connectors 44 are formed to connect to metal
posts 26 and 30. As indicated by dashed lines, RDLs 42 may
also interconnect metal posts 26 and 30. RDLs 42 may be
formed by depositing a metal layer, and then patterning the
metal layer. In some exemplary embodiments, the formation
of connectors 44 includes placing solder balls on the exposed
portions of RDLs 42, and then reflowing the solder balls. In
alternative embodiments, the formation of connectors 44
includes performing a plating step to form solder regions on
RDLs 42, and then reflowing the solder regions. Connectors
44 may also include metal pillars, or metal pillars and solder
caps, which may also be formed through plating. Throughout
the description, the structure including package component
24, TAV modules 28, and polymer 40 is referred to as package
46.

[0015] Referring to FIG. 5, a carrier switch is performed. In
the carrier switch process, carrier 48 is first attached to pack-
age 46, wherein carriers 20 and 48 are on the opposite sides of
package 46. Carrier 48 may be attached to package 46
through adhesive 50, which may be a UV glue, a tape, or the
like. Carrier 20 is then detached from package 46 by making
release layer 22 to lost adhesion. Release layer 22 is then
removed. For example, when release layer 22 is formed of the
UV glue, release layer 22 may be exposed to the UV light, so
that release layer 22 loses adhesion, and hence carrier 20 and
release layer 22 can be removed from package 46.

[0016] Referring to FIG. 6, after the carrier switch, the back
surface of TAV modules 28 is exposed, and through-substrate
vias 32 in TAV modules 28 are exposed. In some embodi-
ments, a grinding is performed to lightly grind the back sur-
face of package component 24 and TAV modules 28, so that
through-substrate vias 32 protrude above the back surface of
substrate 34. Alternatively, the grinding step is skipped. When
no grinding is performed, surfaces 32A of through-substrate
vias 32 are level with back surface 34A of substrate 34.
[0017] Asshown in FIG. 7, dielectric layer 52 is formed on
the illustrated top surface of package 46. In some embodi-
ments, dielectric layer 52 includes a polymer, which may be
polyimide, benzocyclobutene (BCB), or the like. Dielectric
layer 52 may also be formed of a light-sensitive material,
which may be exposed in a lithography step, and then pat-
terned. Alternatively, dielectric layer 52 may be formed of
other materials such as oxides, nitrides, combination thereof,
and multiplayers thereof. RDLs 54 are then formed on dielec-
tric layer 52 and connected to RDLs 54. RDLs 54 may extend
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to over and aligned to package component 24. Accordingly,
RDLs 54 have a fan-in structure. The RDLs 54 that are over
and aligned to package component 24 may be connected to
the RDLs over and aligned to TAV modules 28. The dashed
portions of RDLs 54 illustrate the connecting portions of
RDLs 54. Next, carrier 48 (FIG. 6) is demounted from pack-
age 46. The formation of package 46 is thus finished.

[0018] Referring to FIG. 8, package 46 is bonded to pack-
age component 56 to form bottom package 60. Package com-
ponent 56 may be a package substrate, an interposer, a device
die, a Printed Circuit Board (PCB), or the like. Polymer 58 is
dispensed between package 46 and package component 56.
Polymer 58 may be an underfill or a molding underfill. Alter-
natively, package 60 may be molded, for example, using
compress molding, and RDLs 54 are exposed through the
respective molding compound (not shown).

[0019] FIG. 9 illustrates the bonding of top package com-
ponent 62 to bottom package 60. In some embodiments, top
package component 62 is a device die. Alternatively, package
component 62 is a package that includes a device die (not
shown) bonded to a package substrate (not shown), an inter-
poser (not shown), or the like. In the resulting package, TAV
modules 28 are used to electrically couple the circuit devices
in package component 62 to package component 56.

[0020] FIG. 10 illustrates an exemplary embodiment
wherein package component 62 includes a plurality of
stacked dies 64. In some embodiments, stacked dies 64 are
memory dies. Stacked dies 64 may be bonded to RDLs 54 that
are over and aligned to package component 24, which are
further connected to the RDLs 54 over and aligned to TAV
modules 28. In these embodiments, package component 24
may be electrically coupled to stacked dies 64, for example,
through RDLs 54, TAV modules 28, RDLs 42, and/or pack-
age component 56. FIG. 11 illustrates alternative embodi-
ments, wherein the positions of stacked dies 64 and package
component 24 are swapped as compared to FIG. 10.

[0021] In the embodiments, the connection between top
package component 62 and bottom package 60 is through
TAV modules 28, rather than large solder balls. Since TAV
modules 28 may be formed using lithography processes and/
or other processes that are used on silicon substrates, the
pitches and the sizes of through-substrate vias 32 may be very
small. Accordingly, the number of connections between top
package component 62 and bottom package 60 is increased.
The throughput of the packaging process is also high.

[0022] FIG. 12 illustrates a top view of the structure in FIG.
1 in accordance with alternative embodiments. In TAV mod-
ules 28, besides through-substrate vias 32, which are used for
electrically connecting the features on opposite sides of TAV
modules 28, strip-shaped vias 66 may also be formed. In
accordance with some embodiments, strip-shaped vias 66 are
used for dissipating the heat generated in package component
24 as in FIGS. 9 through 11. Accordingly, strip-shaped vias
66 (such as 66C) may be electrically floating when TAV
modules 28 are used in the package structure in FIGS. 9
through 11. In these embodiments, since strip-shaped vias
66C are formed of metals that have good thermal conductiv-
ity, the heat dissipating ability is improved over that of mold-
ing compound. In alternative embodiments, strip-shaped vias
66 may be interconnected to form a capacitor. For example, in
FIG. 12, strip-shaped vias 66 include strip-shaped vias 66A
that are interconnected to form one of the capacitor plates,
and strip-shaped vias 66B that are interconnected to form the
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other capacitor plate. Strip-shaped vias 66A and strip-shaped
vias 66B are laid out in an alternating pattern to increase the
capacitance.

[0023] Inaccordance with embodiments, a device includes
a TAV Module, which includes a substrate, a plurality of
through-vias penetrating through the substrate, and a second
plurality of metal posts at a bottom surface of the TAV module
and electrically coupled to the plurality of through-vias. A
polymer includes a first portion between and contacting side-
walls of the first package component and the TAV module, a
second portion disposed between the first plurality of metal
posts, and a third portion disposed between the second plu-
rality of metal posts. A first plurality of RDLs is underlying a
bottom surface of the second and the third portions of the
polymer. A second plurality of RDLs is over the first package
component and the TAV module. The first plurality of RDLs
is electrically coupled to the second plurality of RDLs
through the plurality of through-vias in the TAV module.
[0024] In accordance with other embodiments, a device
includes a bottom package, and a top package component
bonded to the bottom package. The bottom package includes
a package substrate, a plurality of connectors over the pack-
age substrate, and a package. The package includes a device
die, and a TAV Module substantially level with the device die.
The TAV module is free from active devices therein, and
includes a substrate and a plurality of through-vias penetrat-
ing through the substrate. A molding compound contacts a
bottom surface of the device die, a bottom surface of the TAV
module, and sidewalls of the device die and the TAV module.
A plurality of RDLs is under the molding compound and
electrically coupled to the device die and the plurality of
through-vias in the TAV module. The plurality of RDLs is
bonded to the package substrate through the plurality of con-
nectors.

[0025] In accordance with yet other embodiments, a
method includes placing a device die over a release layer,
wherein the release layer is over a first carrier. A TAV module
is placed over the release layer, wherein the TAV module is
free from active devices therein, and wherein the TAV module
includes a substrate and a plurality of through-vias penetrat-
ing through the substrate. The device die and the TAV module
are molded in a polymer. The polymer is ground to expose
metal posts of the device die and metal posts of the TAV
module. A first plurality of RDLs is formed over the polymer
and connected to the metal posts of the device die and the
metal posts of the TAV module, wherein the device die, the
TAV module, and the first plurality of RDLs form a package.
The package is mounted on a second carrier, wherein the first
and the second carriers are on opposite sides of the package.
The first carrier is demounted from the package. The release
layer is removed. A second plurality of RDLs is formed to
couple to the plurality of through-vias, wherein the first and
the second plurality of RDLs are on opposite sides of the
package. The second carrier is demounted from the package.
[0026] Although the embodiments and their advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
embodiments as defined by the appended claims. Moreover,
the scope of the present application is not intended to be
limited to the particular embodiments of the process,
machine, manufacture, and composition of matter, means,
methods and steps described in the specification. As one of
ordinary skill in the art will readily appreciate from the dis-
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closure, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps. In addition, each claim constitutes a sepa-
rate embodiment, and the combination of various claims and
embodiments are within the scope of the disclosure.

What is claimed is:

1. A device comprising:

a first package component;

afirst plurality of metal posts ata bottom surface of the first

package component and electrically coupled to the first
package component;

a Through-Assembly Via (TAV) Module comprising:

a substrate;

a plurality of through-vias penetrating through the sub-
strate; and

a second plurality of metal posts at a bottom surface of
the TAV module and electrically coupled to the plu-
rality of through-vias;

a polymer comprising:

a first portion between and contacting sidewalls of the
first package component and the TAV module;

a second portion disposed between the first plurality of
metal posts; and

a third portion disposed between the second plurality of
metal posts;

a first plurality of Redistribution Lines (RDLs) underlying

a bottom surface of the second and the third portions of
the polymer; and

a second plurality of RDLs over the first package compo-

nent and the TAV module, wherein the first plurality of
RDLs is electrically coupled to the second plurality of
RDLs through the plurality of through-vias in the TAV
module.

2. The device of claim 1, wherein the first package com-
ponent comprises a semiconductor substrate having a top
surface level with a top surface of the substrate of the TAV
module.

3. The device of claim 2 further comprising a dielectric
layer over and contacting the top surface of the semiconduc-
tor substrate of the first package component, the top surface of
the substrate of the TAV module, and the first portion of the
polymer.

4. The device of claim 2, wherein the top surface of the
semiconductor substrate of the first package component and
the top surface of the substrate of the TAV module are sub-
stantially level with a surface of the first portion of the poly-
mer.

5. The device of claim 1, wherein the TAV module is free
from active devices therein.

6. The device of claim 1, wherein the substrate of the TAV
module is a dielectric substrate.

7. The device of claim 1 further comprising a second pack-
age component over and bonded to the second plurality of
RDLs.

8. A device comprising:

a bottom package comprising:

a package substrate;
a plurality of connectors over the package substrate;
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a package comprising:

a device die;

a Through-Assembly Via (TAV) Module substantially
level with the device die, wherein the TAV module
is free from active devices therein, and wherein the
TAV module comprises a substrate and a plurality
of through-vias penetrating through the substrate;
and

a molding compound contacting a bottom surface of
the device die, a bottom surface of'the TAV module,
and sidewalls of the device die and the TAV mod-
ule; and

afirst plurality of Redistribution Lines (RDLs)under the
molding compound and electrically coupled to the
device die and the plurality of through-vias in the TAV
module, wherein the first plurality of RDLs is bonded
to the package substrate through the plurality of con-
nectors; and

a top package component bonded to the bottom package.

9. The device of claim 8, wherein the package in the bottom
package further comprises:

a dielectric layer contacting a top surface of the device die

and a top surface of the TAV module; and

a second plurality of RDLs over the dielectric layer and

coupled to the plurality of through-vias in the TAV mod-
ule, wherein the second plurality of RDLs is bonded to
the top package component.

10. The device of claim 9, wherein the top surface of the
device die is level with the top surface of the TAV module.

11. The device of claim 8, wherein a bottom surface of a
first portion of the molding compound is level with a bottom
surface of a second portion of the molding compound,
wherein the first portion of the molding compound is under-
lying and aligned to the device die, and wherein the second
portion of the molding compound is underlying and aligned
to the TAV module.

12. The device of claim 8 further comprising an additional
TAV module level with the TAV module, wherein the addi-
tional TAV module is spaced apart from the TAV module by a
portion of the molding compound.

13. The device of claim 8, wherein the substrate of the TAV
module is a dielectric substrate.

14. The device of claim 8, wherein the substrate of the TAV
module is a semiconductor substrate.

15. A method comprising:

placing a device die over a release layer, wherein the

release layer is over a first carrier;
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placing a Through-Assembly Via (TAV) module over the
release layer, wherein the TAV module is free from
active devices therein, and wherein the TAV module
comprises a substrate and a plurality of through-vias
penetrating through the substrate;

molding the device die and the TAV module in a polymer;

grinding the polymer to expose metal posts of the device

die and metal posts of the TAV module;

forming a first plurality of Redistribution Lines (RDLs)

over the polymer and connected to the metal posts of the
device die and the metal posts of the TAV module,
wherein the device die, the TAV module, and the first
plurality of RDLs form a package;

mounting the package on a second carrier, wherein the first

and the second carriers are on opposite sides of the
package;

demounting the first carrier from the package and remov-

ing the release layer;

forming a second plurality of RDLs coupled to the plurality

of through-vias, wherein the first and the second plural-
ity of RDLs are on opposite sides of the package; and
demounting the second carrier from the package.

16. The method of claim 15 further comprising, after the
step of demounting the first carrier and before the step of
forming the second plurality of RDLs, grinding the substrate
of the TAV module and a substrate of the device die.

17. The method of claim 16 further comprising, after the
step of grinding and before the step of forming the second
plurality of RDLs, forming and patterning a dielectric layer
on the substrate of the TAV module and a substrate of the
device die, wherein the second plurality of RDLs is electri-
cally coupled to the plurality of through-vias through open-
ings in the dielectric layer.

18. The method of claim 15 further comprising:

bonding the package to a package substrate; and

disposing a polymer between the package and the package

substrate to form a bottom package.

19. The method of claim 18 further comprising bonding a
top package component to the bottom package.

20. The method of claim 15 further comprising, before the
step of molding, placing an additional TAV module over the
release layer, wherein the TAV module, the additional TAV
module, and the device die are in contact with the release
layer.
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