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DUAL SIDED FAN-OUT PACKAGE HAVING
LOW WARPAGE ACROSS ALL
TEMPERATURES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/379,078, filed Apr. 9, 2019; which is
a division of U.S. patent application Ser. No. 15/686,024,
filed Aug. 24, 2017, now U.S. Pat. No. 10,304,805; each of
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to semi-
conductor devices. In particular, the present technology
relates to semiconductor devices including a dual-sided
redistribution structure and configured for low warpage
across a wide range of device temperatures, as well as
associated systems and methods.

BACKGROUND

[0003] Microelectronic devices generally have a semicon-
ductor die (i.e., a chip) that includes integrated circuitry with
a high density of very small components. Typically, dies
include an array of very small bond pads electrically coupled
to the integrated circuitry. The bond pads are external
electrical contacts through which the supply voltage, signals,
etc., are transmitted to and from the integrated circuitry.
After dies are formed, dies are “packaged” to couple the
bond pads to a larger array of electrical terminals that can be
more easily coupled to the various power supply lines, signal
lines, and ground lines. Conventional processes for packag-
ing dies include electrically coupling the bond pads on the
dies to an array of leads, ball pads, or other types of electrical
terminals, and encapsulating the dies to protect them from
environmental factors (e.g., moisture, particulates, static
electricity, and physical impact).

[0004] Different types of semiconductor dies may have
widely different bond pad arrangements, and yet should be
compatible with similar external devices. Accordingly,
existing packaging techniques can include attaching a redis-
tribution layer (RDL) to a semiconductor die. The RDL
includes lines and/or vias that connect the die bond pads
with RDL bond pads. An array of leads, ball-pads, or other
types of electrical terminals of the RDL bond pads are
arranged to mate with the bond pads of external devices. In
one typical “Chip First” packaging process, a die is mounted
on a carrier and encapsulated. The carrier is then removed
and an RDL is subsequently formed directly on a front side
of the die where the die bond pads are located using
deposition and lithography techniques. In another typical
“Chip Last” packaging process, an RDL is formed apart
from a die and then the die is subsequently mounted to the
RDL and encapsulated. However, one drawback of both
Chip First and Chip Last packaging processes is that the
resulting package is subject to warpage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIGS. 1A and 1B are a cross-sectional view and a
top plan view, respectively, illustrating a semiconductor
device in accordance with embodiments of the present
technology.
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[0006] FIGS.2A-2M are cross-sectional views illustrating
a semiconductor device at various stages of manufacturing
in accordance with embodiments of the present technology.
[0007] FIG. 3 is a schematic view of a system that includes
a semiconductor device configured in accordance with
embodiments of the present technology.

DETAILED DESCRIPTION

[0008] Specific details of several embodiments of semi-
conductor devices are described below. One aspect of sev-
eral embodiments of the present technology is that semi-
conductor dies are at both sides of an RDL. Such symmetry
is expected to mitigate warpage compared to devices formed
using Chip First and Chip Last processes. More specifically,
packages formed using Chip First and Chip Last processes
have different layers on each side of the RDL. Such pack-
ages are susceptible to warpage in response to changing
temperatures because the RDL, the semiconductor die, and
the encapsulant can have different coefficients of thermal
expansion. Excessive warpage can cause the package to
malfunction and reduce the yield. Several embodiments of
semiconductor devices in accordance with the present tech-
nology mitigate warpage.

[0009] In some embodiments, a semiconductor device
includes a first semiconductor die electrically coupled to a
first side of a redistribution structure, a second semiconduc-
tor die electrically coupled to a second side of the redistri-
bution structure, a first molded material on the first side, and
a second molded material on the second side. In some
embodiments, the semiconductor device includes conduc-
tive columns extending away from conductive contacts on at
least the first side of the redistribution structure and through
the molded material. In certain embodiments, the first and
second semiconductor dies are symmetric about the redis-
tribution structure and the first molded material is the same
as or has similar characteristics to the second molded
material. In the following description, numerous specific
details are discussed to provide a thorough and enabling
description for embodiments of the present technology. One
skilled in the relevant art, however, will recognize that the
disclosure can be practiced without one or more of the
specific details. In other instances, well-known structures or
operations often associated with semiconductor devices are
not shown, or are not described in detail, to avoid obscuring
other aspects of the technology. In general, it should be
understood that various other devices, systems, and methods
in addition to those specific embodiments disclosed herein
may be within the scope of the present technology.

[0010] As used herein, the terms “vertical,” “lateral,”
“upper,” and “lower” can refer to relative directions or
positions of features in the semiconductor die assemblies in
view of the orientation shown in the Figures. For example,
“upper” or “uppermost” can refer to a feature positioned
closer to the top of a page than another feature. These terms,
however, should be construed broadly to include semicon-
ductor devices having other orientations, such as inverted or
inclined orientations where top/bottom, over/under, above/
below, up/down, and left/right can be interchanged depend-
ing on the orientation.

[0011] FIG. 1A is a cross-sectional view illustrating a
semiconductor device 100 (“device 100”) configured in
accordance with an embodiment of the present technology.
The device 100 includes a redistribution structure 130
having a first surface 133¢ and a second surface 1335
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opposite the first surface 133a, a first semiconductor die 110
coupled to the first surface 133a, and a second semiconduc-
tor die 120 coupled to the second surface 1335. As a result,
the redistribution structure 130 of the semiconductor device
100 is between the first semiconductor die 110 and the
second semiconductor die 120 (collectively “semiconductor
dies 110, 120”") such that the semiconductor dies 110, 120 act
at least generally equally on both sides of the redistribution
structure 130 at different temperatures. This is expected to
reduce warpage of the semiconductor device 100 compared
to existing devices made using Chip First and Chip Last
techniques.

[0012] The semiconductor dies 110, 120 can each have
integrated circuits or components, data storage elements,
processing components, and/or other features manufactured
on semiconductor substrates. For example, the semiconduc-
tor dies 110, 120 can include integrated memory circuitry
and/or logic circuitry, which can include various types of
semiconductor components and functional features, such as
dynamic random-access memory (DRAM), static random-
access memory (SRAM), flash memory, other forms of
integrated circuit memory, processing circuits, imaging
components, and/or other semiconductor features. In some
embodiments, the semiconductor dies 110, 120 can be
identical (e.g., memory dies manufactured to have the same
design and specifications), but in other embodiments the
semiconductor dies 110, 120 can be different from each
other (e.g., different types of memory dies or a combination
of controller, logic and/or memory dies).

[0013] The first semiconductor die 110 includes bond pads
112 exposed at a front side 113a thereof, and the bond pads
112 are electrically coupled to traces and/or pads at the first
surface 133a of the redistribution structure 130 by conduc-
tive features 115. The second semiconductor die 120
includes bond pads 122 exposed at a front side 1234 thereof,
and the bond pads 122 are electrically coupled to traces
and/or pads at the second surface 1335 of the redistribution
structure 130 by conductive features 125. The first and
second conductive features 115, 125 (collectively “conduc-
tive features 115, 125”) can have various suitable structures,
such as pillars, columns, studs, bumps, etc., and they can be
made from copper, nickel, solder (e.g., SnAg-based solder),
conductor-filled epoxy, and/or other electrically conductive
materials. In certain embodiments, the first conductive fea-
tures 115 and/or second conductive features 125 are solder-
joints. In selected embodiments, the conductive features
115, 125 can be copper pillars, whereas in other embodi-
ments the conductive features 115, 125 can include more
complex structures, such as bump-on-nitride structures. In
some embodiments, the first conductive features 115 have a
height above the redistribution structure 130 such that the
device 100 includes a first gap 118 between the first semi-
conductor die 110 and the first surface 133a of the redistri-
bution structure 130. Likewise, the second conductive fea-
tures 125 can have a height above the redistribution structure
130 such that the device 100 includes a second gap 128
between the second semiconductor die 120 and the second
surface 1335 of the redistribution structure 130. In some
embodiments, the volume and/or another quantity or dimen-
sion (e.g., height) of the first gap 118 is substantially equal
to the volume and/or another quantity or dimension (e.g.,
height) of the second gap 128.

[0014] In the embodiment illustrated in FIG. 1A, the
semiconductor dies 110, 120 are coupled to opposing sur-
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faces of the redistribution structure 130 such that they are
reflectively symmetric about opposing sides of the redistri-
bution structure 130. In other embodiments, however, the
semiconductor dies 110, 120 can have different planform
shapes and/or can be arranged differently with respect to the
redistribution structure 130 and one another. Moreover, as
shown in FIG. 1A, the device 100 includes only two
semiconductor dies. However, in other embodiments the
device 100 may include any number of semiconductor dies.
For example, the device 100 may include one or more
additional semiconductor dies stacked on the first semicon-
ductor die 110 and/or second semiconductor die 120, or the
device 100 may have other semiconductor dies coupled to
the redistribution structure 130 adjacent to the first semi-
conductor die 110 and/or second semiconductor die 120.

[0015] The redistribution structure 130 includes an insu-
lating material 131 and conductive portions 135 electrically
isolated from each other by the insulating material 131. The
insulating material 131 of the redistribution structure 130
can comprise, for example, one or more layers of a suitable
dielectric material (e.g., a passivation material). The con-
ductive portions 135 of the redistribution structure 130 can
include first contacts 132 and second contacts 134 (collec-
tively “contacts 132, 134”) in and/or on the insulating
material 131 and exposed at the first surface 133a. As shown
in FIG. 1A, the first contacts 132 can be positioned at the
first surface 133¢ in a die-attach area so that they are at least
partially under the first semiconductor die 110. The second
contacts 134 can be spaced peripherally away from the first
contacts 132 (e.g., fanned laterally outward from or posi-
tioned outboard of the first contacts 132) such that they are
not positioned under the first semiconductor die 110. The
redistribution structure 130 also includes conductive third
contacts 136 in and/or on the insulating material 131 and
exposed at the second surface 1335. The third contacts 136
can be positioned at the second surface 1335 in a die-attach
area so that they are at least partially under the second
semiconductor die 120 and spaced laterally inward from the
second contacts 134.

[0016] In some embodiments, at least a portion of the first
contacts 132 and third contacts 136 can be vertically aligned
(e.g., spaced equally laterally along the redistribution struc-
ture 130 and/or reflectively symmetric about the redistribu-
tion structure 130). For example, the first contacts 132 can
be superimposed directly over/under with respect to the third
contacts 136 such that third contacts 136 have the same
lateral extent as the first contacts 132. Matching the distri-
bution, size, and/or other characteristics of the first contacts
132 and third contacts 136 can be desirable where the
semiconductor dies 110, 120 are the same or have the same
configuration of bond pads 112, 122 respectively.

[0017] The conductive portions 135 of the redistribution
structure 130 can further include conductive lines 138 (e.g.,
vias and/or traces) extending within and/or on the insulating
material 131 to electrically couple individual ones of the first
contacts 132 and third contacts 136 to corresponding ones of
the second contacts 134. For example, an individual con-
ductive portion 135 can include one or more conductive
lines 138 electrically coupling an individual first contact 132
to a corresponding second contact 134 and/or electrically
coupling an individual third contact 136 to a corresponding
second contact 134. In some embodiments (not illustrated in
FIG. 1A), an individual second contact 134 can be electri-
cally coupled, via corresponding conductive lines 138, to
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more than one first contact 132 and/or third contact 136. In
this manner, the device 100 may be configured such that
individual pins of the semiconductor dies 110, 120 are
individually isolated and accessible (e.g., signal pins) via
separate second contacts 134, and/or configured such that
multiple pins are collectively accessible via the same second
contact 134 (e.g., power supply or ground pins). In certain
embodiments, the first contacts 132, second contacts 134,
third contacts 136, and conductive lines 138 can be formed
from one or more conductive materials such as copper,
nickel, solder (e.g., SnAg-based solder), conductor-filled
epoxy, and/or other electrically conductive materials.

[0018] The redistribution structure 130 does not include a
pre-formed substrate (i.e., a substrate formed apart from a
carrier wafer and then subsequently attached to the carrier
wafer). As a result the redistribution structure 130 can be
very thin. For example, in some embodiments, a distance D
between the first and second surfaces 1334 and 1335 of the
redistribution structure 130 is less than 50 um. In certain
embodiments, the distance D is approximately 30 um, or less
than 30 pm. Therefore, the overall size of the semiconductor
device 100 can be reduced as compared to, for example,
devices including a conventional redistribution layer formed
over a pre-formed substrate. However, the thickness of the
redistribution structure 130 is not limited. In other embodi-
ments, the redistribution structure 130 can include different
features and/or the features can have a different arrange-
ment.

[0019] The device 100 also includes conductive columns
140 electrically coupled to the second contacts 134 of the
redistribution structure 130. The conductive columns 140
extend away from the first surface 1334 of the redistribution
structure 130 and can be made from copper, nickel, solder
(e.g., SnAg-based solder), conductor-filled epoxy, and/or
other electrically conductive materials. In the illustrated
embodiment, the conductive columns 140 extend upward
above the elevation of a back side 1135 of the first semi-
conductor die 110. That is, the conductive columns 140 can
have a height above the first surface 133a of the redistribu-
tion structure 130 that is greater than a height of the first
semiconductor die 110. In other embodiments, the height of
the conductive columns 140 can be equal to, or less than, the
height of the back side 1135 of the first semiconductor die
110. Accordingly, the height of the conductive columns 140
can be greater than a height of the first conductive features
115 above the first surface 133a of the redistribution struc-
ture 130. Moreover, each conductive column 140 can
include an exposed terminus 141 (e.g., the end opposite the
second contacts 134 of the redistribution structure 130) that
defines a conductive fourth contact 142. The fourth contacts
142 can be above, coplanar, or recessed with respect to an
upper surface 151 of a first molded material 150.

[0020] The first molded material 150 can be formed on at
least a portion of the first surface 133a of the redistribution
structure 130 and can at least partially surround the first
semiconductor die 110 and/or the conductive columns 140.
Similarly, a second molded material 160 can be formed on
at least a portion of the second surface 1335 of the redis-
tribution structure 130 and can at least partially surround the
second semiconductor die 120. In some embodiments, the
first molded material 150 and the second molded material
160 (collectively “molded materials 150, 160”) encapsulate
the semiconductor dies 110, 120, respectively, to thereby
protect the semiconductor dies 110, 120 from contaminants
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and physical damage. In certain embodiments, the first
molded material 150 at least partially fills the first gap 118
between the front side 113a of the first semiconductor die
110 and the first surface 133a of the redistribution structure
130, and the second molded material 160 at least partially
fills the second gap 128 between the front side 123a of the
second semiconductor die 120 and the second surface 1336
of the redistribution structure 130. In such embodiments, the
molded materials 150, 160 can function to strengthen the
coupling between the semiconductor dies 110, 120 and the
redistribution structure 130.

[0021] Inthe embodiment illustrated in FIG. 1A, the upper
surface 151 of the first molded material 150 has a thickness
above the redistribution structure 130 (e.g., in a direction
away from the first surface 133q) that is greater than a height
of the back side 11354 of the first semiconductor die 110.
Likewise, a lower surface 161 of the second molded material
160 has a thickness below the redistribution structure 130
(e.g., in a direction away from the second surface 1335) that
is greater than a height of a back side 1235 of the second
semiconductor die 120. Forming the molded materials 150,
160 in this manner protects the back sides 1135 and 1235 of
the semiconductor dies 110, 120, respectively, from external
contaminants or forces that may damage the dies. In other
embodiments, the upper and lower surfaces 151, 161 can be
positioned differently with respect to the semiconductor dies
110, 120. For example, the upper and lower surfaces 151,
161 can be coplanar with the back sides 1135, 1235 of the
semiconductor dies 110, 120, respectively. In such embodi-
ments, the semiconductor dies 110, 120 may contain pads,
contacts, or other electrically-connective features at the back
sides 1135, 1235 such that the semiconductor dies 110, 120
are electrically accessible at the back sides 1135, 12354. In
some embodiments, only one of the semiconductor dies 110,
120 is electrically accessible in this manner.

[0022] Since the redistribution structure 130 does not
include a pre-formed substrate, the molded materials 150,
160 can be configured to provide the desired structural
strength to each side of the redistribution structure 130. For
example, the molded materials 150, 160 can be selected to
prevent the device 100 from bending, warping, etc., as
external forces are applied to the device 100. As a result, in
some embodiments, the redistribution structure 130 can be
made very thin (e.g., less than 50 um or less than 30 um)
since the redistribution structure 130 need not provide the
primary strength of the device 100. Therefore, the overall
size (e.g., height) of the device 100 can be reduced.

[0023] Additionally, in some embodiments, the first
molded material 150 has the same or a substantially equal
quantity (e.g., volume), dimension (e.g., height), or material
characteristic (e.g., coefficient of thermal expansion) as the
second molded material 160. In certain embodiments, the
first molded material 150 is the same compound as the
second molded material 160, and/or the molded materials
150, 160 are substantially symmetrically formed relative to
the redistribution structure 130. Accordingly, the molded
materials 150, 160 can strongly influence the overall ther-
mal/mechanical properties of the device 100 to mitigate
warpage of the device 100 across a wide range of device
temperatures. For example, the volume of the molded mate-
rials 150, 160 can be selected so that the average coeflicients
of thermal expansion for the features (e.g., molded materi-
als, semiconductor dies, conductive columns, additional
redistribution structures or conductive features, etc.) on each
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side of the redistribution structure 130 are substantially
equal—even where the semiconductor dies 110, 120 are not
identical or arranged to be reflectively symmetric—to inhibit
warpage of the device 100.

[0024] For example, the ratio of the volume of the first
semiconductor die 110 to the volume of the first molded
material 150 can be equal to or substantially equal to the
ratio of the volume of the second semiconductor die 120 to
the volume of the second molded material 160. Similarly, the
volume of the molded materials 150, 160 can be adjusted to
account for the absence of conductive columns extending
from the second surface 1335 of the redistribution structure
130. Accordingly, the CTE mismatch between the redistri-
bution structure 130 and the features over the first surface
133a (e.g., the first molded material 150, conductive col-
umns 140, and first semiconductor die 110) can be equal to
or substantially equal to the CTE mismatch between the
redistribution structure 130 and the features over the second
surface 1334 (e.g., the second molded material 160 and the
second semiconductor die 120). As a result, the thermal
stresses induced by the CTE mismatch on each side of the
device 100 are countered (e.g., canceled) within the device.
This inhibits bending, warping, etc., of the redistribution
structure 130 and/or other features of the device 100. There-
fore, the overall size (e.g., height) of the redistribution
structure 130 can be reduced because the device 100 is
configured not to induce substantial (e.g., non-canceled)
stresses in the redistribution structure 130 as a result of
changing temperatures.

[0025] In contrast, conventional “one-sided” semiconduc-
tor packages include a redistribution layer (“RDL”) with a
die attached to only a single side of the RDL, and an
encapsulant over that single side. The CTE mismatch
between layers (e.g., between the RDL and encapsulant)
within such semiconductor packages is not balanced, and the
stresses induced by thermal expansion or contraction can
cause significant warpage of the semiconductor package
which can render the semiconductor package inoperable.
For example, semiconductor packages are often exposed to
high temperatures when they are incorporated into external
circuitry (e.g., during a board mount process). Thus, the
board mount process must be modified to use lower tem-
peratures (e.g., at increased cost) or the resulting yield loss
from a higher temperature process must be accepted. As
compared to conventional “one-sided” semiconductor pack-
ages, the present technology is expected to reduce yield loss
during other processes involving the semiconductor device
100 and during normal operation, since the semiconductor
device 100 is configured for ultra-low warpage over a wide
temperature range.

[0026] The device 100 can further include electrical con-
nectors 106 disposed on the fourth contacts 142 formed by
the conductive columns 140. The electrical connectors 106
can be solder balls, conductive bumps, conductive pillars,
conductive epoxies, and/or other suitable electrically con-
ductive elements, and can be electrically coupled to external
circuitry (not shown). In some embodiments, the electrical
connectors 106 can be generally aligned in rows and col-
umns to form an array (e.g., a ball grid array) on the fourth
contacts 142 at the upper surface 151 of the first molded
material 150. More specifically, FIG. 1B is a top plan view
of the device 100 that schematically shows an embodiment
of the arrangement of the electrical connectors 106 on the
upper surface 151 of the first molded material 150. In the
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illustrated embodiment, the electrical connectors 106 are
arranged in a perimeter array (e.g., a perimeter ball grid
array) in which the electrical connectors 106 are all spaced
peripherally away from (e.g., positioned outboard of) the
first semiconductor die 110. That is, the electrical connectors
106 are not positioned within a footprint 111 of the first
semiconductor die 110.

[0027] In other embodiments, one or more of the electrical
connectors 106 can be positioned at least partially within the
footprint 111 of the first semiconductor die 110, and/or the
electrical connectors 106 can have any other suitable posi-
tioning and alignment (e.g., in off-set rows or columns, in a
concentric pattern, non-evenly spaced, etc.). For example, in
some embodiments, a second redistribution structure can be
formed on the upper surface 151 of the first molded material
150 and used to distribute the electrical connectors 106 in
different arrangements (e.g., a “fanned-in” or other arrange-
ment having greater space between adjacent ones of the
electrical connectors 106 than in the perimeter ball grid
array embodiment illustrated in FIG. 1B). In other embodi-
ments, the electrical connectors 106 can be omitted and the
fourth contacts 142 can be directly connected to external
devices or circuitry.

[0028] FIGS. 2A-2M are cross-sectional views illustrating
various stages in a method of manufacturing semiconductor
devices 100 in accordance with embodiments of the present
technology. Generally, a semiconductor device 100 can be
manufactured, for example, as a discrete device or as part of
a larger wafer or panel. In wafer-level or panel-level manu-
facturing, a larger semiconductor device is formed before
being singulated to form a plurality of individual devices.
For ease of explanation and understanding, FIGS. 2A-2M
illustrate the fabrication of two semiconductor devices 100.
However, one skilled in the art will readily understand that
the fabrication of semiconductor devices 100 can be scaled
to the wafer and/or panel level—that is, to include many
more components so as to be capable of being singulated
into more than two semiconductor devices 100—while
including similar features and using similar processes as
described herein.

[0029] FIGS. 2A-2D, more specifically, show fabricating
a redistribution structure for the semiconductor devices 100
(FIG. 1A). Referring to FIG. 2A, the redistribution structure
130 (FIG. 1A) is formed on a first carrier 270 having a front
side 271a and a back side 2715, and a first release layer 272
on the front side 271a of the first carrier 270. The first carrier
270 provides mechanical support for subsequent processing
stages and can be a temporary carrier formed from, e.g.,
silicon, silicon-on-insulator, compound semiconductor (e.g.,
Gallium Nitride), glass, or other suitable materials. In some
embodiments, the first carrier 270 can be reused after it is
subsequently removed. The first carrier 270 also protects a
surface of the first release layer 272 during the subsequent
processing stages to ensure that the first release layer 272
can later be properly removed from the redistribution struc-
ture 130. The first release layer 272 prevents direct contact
of the redistribution structure 130 with the first carrier 270
and therefore protects the redistribution structure 130 from
possible contaminants on the first carrier 270. The first
release layer 272 can be a disposable film (e.g., a laminate
film of epoxy-based material) or other suitable material. In
some embodiments, the first release layer 272 is laser-
sensitive or photo-sensitive to facilitate its removal at a
subsequent stage.
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[0030] The redistribution structure 130 (FIG. 1A) includes
conductive and dielectric materials that can be formed from
an additive build-up process. That is, the redistribution
structure 130 is additively built directly on the first carrier
270 and the first release layer 272 rather than on another
laminate or organic substrate. Specifically, the redistribution
structure 130 is fabricated by semiconductor wafer fabrica-
tion processes such as sputtering, physical vapor deposition
(PVD), electroplating, lithography, etc. For example, refer-
ring to FIG. 2B, the third contacts 136 and a portion of the
conductive lines 138 can be formed directly on the first
release layer 272, and a layer of insulating material 131 can
be formed on the first release layer 272 to electrically isolate
the individual third contacts 136 and corresponding conduc-
tive lines 138. The insulating material 131 may be formed
from, for example, parylene, polyimide, low temperature
chemical vapor deposition (CVD) materials—such as tetra-
ethylorthosilicate (TEOS), silicon nitride (Si;Ni,), silicon
oxide (S10,)—and/or other suitable dielectric, non-conduc-
tive materials. Referring to FIG. 2C, one or more additional
layers of conductive material can be formed to build up the
conductive portions 135 on and/or within the insulating
material 131, and one or more layers of insulating material
can be formed to build up the insulating material 131.

[0031] FIG. 2D shows the redistribution structure 130
after being fully formed over the first carrier 270. As
described above, the first contacts 132 and third contacts 136
are formed to be electrically coupled to corresponding
second contacts 134 via one or more of the conductive lines
138. The conductive portions 135 of the redistribution
structure 130 (i.e., the first contacts 132, second contacts
134, third contacts 136, and the conductive lines 138) can be
made from copper, nickel, solder (e.g., SnAg-based solder),
conductor-filled epoxy, and/or other electrically conductive
materials. In some embodiments, the conductive portions
135 are all made from the same conductive material. In other
embodiments, the first contacts 132, second contacts 134,
third contacts 136, and/or conductive lines 138 can comprise
more than one conductive material.

[0032] Referring to FIG. 2E, fabrication of the semicon-
ductor devices 100 continues by forming the first conductive
features 115 on the first contacts 132 of the redistribution
structure 130, and by forming the conductive columns 140
on the second contacts 134 of the redistribution structure
130. In the illustrated embodiment, the conductive columns
140 have a height greater than a height of the first conductive
features 115. In some embodiments, the first conductive
features 115 and the conductive columns 140 can be formed
as part of the same process. For example, in certain embodi-
ments, the first conductive features 115 and conductive
columns 140 can be fabricated by a suitable electroplating
process, as is well known in the art. In other embodiments,
other deposition techniques (e.g., sputter deposition) can be
used in lieu of electroplating. In yet other embodiments, the
first conductive features 115 and/or conductive columns 140
can be formed from different processes and/or at different
times. For example, the first conductive features 115 may
comprise solder balls or solder bumps disposed on the first
contacts 132, whereas the conductive columns 140 are
plated on the second contacts 134 using electroplating or
electroless plating techniques. Moreover, the first conduc-
tive features 115 and conductive columns 140 can have a
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circular, rectangular, hexagonal, polygonal, or other cross-
sectional shape, and can they be single layer or multi-layer
structures.

[0033] FIG. 2F shows the semiconductor devices 100 after
the first semiconductor dies 110 have been electrically
coupled to the first conductive features 115. More specifi-
cally, the first semiconductor dies 110 can be flip-chipped
bonded to the redistribution structure 130 such that the bond
pads 112 of the first semiconductor dies 110 are electrically
coupled to corresponding ones of the first contacts 132 of the
redistribution structure 130 via the first conductive features
115. In some embodiments, the bond pads 112 are coupled
to the first conductive features 115 using solder or a solder
paste. In other embodiments, another process such as
thermo-compression bonding (e.g., copper-copper (Cu—
Cu) bonding) can be used to form conductive Cu—Cu joints
between the bond pads 112 and the first conductive features
115. As shown in FIG. 2F, the conductive columns 140 can
be formed so as to extend past an elevation of a back side
1134 of the first semiconductor dies 110. In other embodi-
ments, the conductive columns 140 can be formed to have
a height equal to a height of the first semiconductor dies 110
(e.g., upper end portions of the conductive columns 140 can
be generally coplanar with the back sides 11356 of the first
semiconductor dies 110).

[0034] Referring to FIG. 2G, fabrication of the semicon-
ductor devices 100 continues with disposing the first molded
material 150 over the first surface 133a of the redistribution
structure 130 and at least partially around the first semicon-
ductor dies 110 and conductive columns 140. The first
molded material 150 may be formed from a resin, epoxy
resin, silicone-based material, polyimide, and/or other suit-
able resin used or known in the art. Once deposited, the first
molded material 150 can be cured by UV light, chemical
hardeners, heat, or other suitable curing methods known in
the art. The first molded material 150 can be at least partially
disposed in the first gap 118 between each first semicon-
ductor die 110 and the first surface 133a of the redistribution
structure 130. The first molded material 150 can therefore
eliminate the need for a separate underfill material and can
strengthen the coupling between the first semiconductor dies
110 and the redistribution structure 130. In an alternative
embodiment, the gap 118 can instead be filled with an
underfill material and then the first molded material 150 can
be disposed over the first surface 133a of the redistribution
structure 130. In accordance with one aspect of the present
technology, at least the terminus 141 of each conductive
column 140 can be exposed at the upper surface 151 of the
first molded material 150 such that the termini 141 collec-
tively define the fourth contacts 142. In some embodiments,
the first molded material 150 is formed in one step such that
the fourth contacts 142 are exposed at the upper surface 151
of the first molded material 150. In other embodiments, the
first molded material 150 is formed and then ground back to
planarize the upper surface 151 and to thereby expose the
fourth contacts 142 of the conductive columns 140. As
further shown in FIG. 2G, in some embodiments, the first
molded material 150 encapsulates the first semiconductor
dies 110 such that the first semiconductor dies 110 are sealed
within the first molded material 150.

[0035] FIG. 2H illustrates the semiconductor devices 100
after the redistribution structure 130 has been separated from
the first carrier 270 (FIG. 2G) and the semiconductor device
structure has been attached to a second carrier 280. More
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specifically, the upper surface 151 of the first molded
material 150 is attached to a second release layer 282 of the
second carrier 280. The second carrier 280 can be a tem-
porary carrier formed from, e.g., silicon, silicon-on-insula-
tor, compound semiconductor (e.g., Gallium Nitride), glass,
or other suitable materials and, in part, the second carrier
280 can provide mechanical support for subsequent process-
ing stages on the second surface 1335 of the redistribution
structure 130. The second release layer 282 can be a dis-
posable film (e.g., a laminate film of epoxy-based material)
or other suitable material that secures the second carrier 280
to the molded material 150 and/or other features of the
illustrated semiconductor device structure (e.g., the fourth
contacts 142 of the conductive columns 140).

[0036] In some embodiments, the first release layer 272
(FIG. 2G) allows the first carrier 270 to be easily removed
from the redistribution structure 130 via a vacuum, poker
pin, laser or other light source, or other suitable method such
that the first carrier 270 can be reused again. In other
embodiments, the first carrier 270 and first release layer 272
can be removed using grinding techniques (e.g., back grind-
ing) or other suitable techniques such as dry etching pro-
cesses, chemical etching processes, chemical mechanical
polishing (CMP), etc. Removing the first carrier 270 and
first release layer 272 exposes the second surface 1335 of the
redistribution structure 130 including the third contacts 136.
In some embodiments, the second carrier 280 is attached
before the first carrier 270 is separated from the redistribu-
tion structure 130. In other embodiments, the first carrier
270 can be removed before the second carrier 280 is
attached. In yet other embodiments, the first molded material
150 can provide enough structural strength such that sub-
sequent processing steps can be carried out without the
second carrier 280, and the second carrier 280 can be
omitted. Moreover, in the illustrated embodiment, the ori-
entation of the semiconductor device structure does not
change (e.g., the second surface 1334 of the redistribution
structure 130 remains facing downward). However, in some
embodiments, the semiconductor device structure may be
reoriented before or after attachment of the second carrier
280. For example, the semiconductor device structure can be
flipped (e.g., rotated 180°) after attachment of the second
carrier 280 (e.g., such that the second surface 1335 of the
redistribution structure 130 faces upward) to facilitate sub-
sequent processing stages on the second surface 1335.

[0037] Referring to FIG. 21, fabrication of the semicon-
ductor devices 100 continues with forming the second
conductive features 125 on the third contacts 136 of the
redistribution structure 130 and electrically coupling the
second semiconductor dies 120 to the second conductive
features 125. The second conductive features 125 can be
formed as described above with reference to the first con-
ductive features 115. Likewise, the second semiconductor
dies 120 can be electrically coupled to the second conduc-
tive features 125 in a generally analogous manner to the first
semiconductor dies 110, as described above with reference
to FIG. 2F. For example, the second conductive features 125
can comprise copper pillars, solder balls, etc., and the
second semiconductor dies 120 can be flip-chipped bonded
to the redistribution structure 130 such that the bond pads
122 of the second semiconductor dies 120 are electrically
coupled to corresponding ones of the third contacts 136 of
the redistribution structure 130 via the second conductive
features 125. In some embodiments, the semiconductor dies
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110, 120 are formed to be symmetric about the redistribution
structure 130. For example, the first and second semicon-
ductor dies 110, 120 can be superimposed over/under with
respect to each other. In other embodiments, the second
semiconductor dies 120 can be electrically coupled to the
redistribution structure so as to be laterally offset from the
first semiconductor dies 110, and/or the second conductive
features 125 can be formed to have a different height than
the first conductive features 115.

[0038] FIG. 2] illustrates the semiconductor devices 100
after the second molded material 160 has been disposed over
the second surface 1335 of the redistribution structure 130
and at least partially around the second semiconductor dies
120. The second molded material 160 can be generally
similar to the first molded material 150 (e.g., may be formed
from a resin, epoxy resin, silicone-based material, polyim-
ide, and/or other suitable resin used or known in the art) and
can be deposited and cured on the second surface 1335 in a
generally analogous manner to the first molded material 150,
as described above with reference to FIG. 2G. The second
molded material 160 can be at least partially disposed in the
second gap 128 between each second semiconductor die 120
and the second surface 1335 of the redistribution structure
130 to eliminate the need for a separate underfill material
and to strengthen the coupling between the second semi-
conductor dies 120 and the redistribution structure 130. In an
alternative embodiment, the gap 128 can first be filled with
an underfill material and then the second molded material
160 can be disposed over the second semiconductor die 120.
[0039] As further shown in FIG. 2], in some embodi-
ments, the second molded material 160 encapsulates the
second semiconductor dies 120 such that the second semi-
conductor dies 120 are sealed within the second molded
material 160. In some embodiments, the second molded
material 160 is formed such that the lower surface 161 is
below the redistribution structure 130 (e.g., in a direction
away from the second surface 1335) to a greater extent than
the back side 1235 of the second semiconductor dies 120. In
other embodiments, the second molded material 160 can be
formed or ground back such that the lower surface 161 is, for
example, coplanar with the back sides 1235 of the second
semiconductor dies 120.

[0040] Referring to FIG. 2K, fabrication of the semicon-
ductor devices 100 continues with separating the second
carrier 280 (FIG. 2]) from the upper surface 151 of the first
molded material 150. The second carrier 280 and second
release layer 282 can be separated in a generally similar
manner to the first carrier 270 and first release layer 272, as
described above with reference to FIG. 2H. For example, the
second release layer 282 can allow the second carrier 280 to
be easily removed from the first molded material 150 via a
vacuum, poker pin, or other suitable method. In other
embodiments, the second carrier 280 and second release
layer 282 can be removed using other suitable techniques
such as, for example, back grinding, dry etching processes,
chemical etching processes, chemical mechanical polishing
(CMP), etc. Removing the second carrier 280 and second
release layer 282 exposes the upper surface 151 of the first
molded material 150 and the fourth contacts 142.

[0041] FIG. 2L shows the semiconductor devices 100 after
the electrical connectors 106 are coupled to the fourth
contacts 142 of the conductive columns 140. The electrical
connectors 106 are configured to electrically couple the
fourth contacts 142 to external circuitry (not shown). In
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some embodiments, the electrical connectors 106 comprise
solder balls or solder bumps. For example, a stenciling
machine can deposit discrete blocks of solder paste onto the
fourth contacts 142. The solder paste can then be reflowed
to form solder balls or solder bumps on the fourth contacts.
In other embodiments, the electrical connectors 106 can be
formed before attaching the second carrier 280. For
example, in some embodiments, the electrical connectors
106 can be formed after the first molded material 150 is
formed on the first surface 1334 of the redistribution struc-
ture 130 (FIG. 2G) but before the second carrier 280 is
attached (FIG. 2H). In such embodiments, the second
release layer 282 can be configured to attach the second
carrier 280 to the upper surface 151 of the first molded
material 150 and/or to the electrical connectors 106. One
advantage of forming the electrical connectors 106 at this
earlier stage is that the first carrier 270 is still attached and
can provide mechanical support for the formation of the
electrical connectors 106. However, in the embodiment
illustrated in FIG. 2K, the semiconductor device structure—
and specifically the molded materials 150, 160—can provide
enough structural support without a carrier for forming the
electrical connectors 106. Moreover, by forming the elec-
trical connectors 106 at this later stage, the second carrier
280 can be attached to the planar upper surface 151 of the
first molded material 150 (FIGS. 2H-2J) without needing to
be attached to the electrical connectors 106.

[0042] Furthermore, in some embodiments, a second
redistribution structure can be formed over the upper surface
151 of the first molded material 150 and the fourth contacts
142 of the conductive columns 140 prior to electrically
coupling the electrical connectors 106 (e.g., whether the
electrical connectors 106 are formed before the attachment
of the second carrier 280 or after the removal thereof). Such
a second redistribution structure can be formed by a gener-
ally similar process as the redistribution structure 130 (e.g.,
the second redistribution structure can include conductive
and dielectric materials formed from an additive build-up
process). The second redistribution structure can provide a
different arrangement of contacts than the fourth contacts
142, and the electrical connectors 106 can be formed on the
second redistribution structure to provide a different
arrangement (e.g., a fanned-in or more widely spaced array)
for connecting with external circuitry.

[0043] As further shown in FIG. 2L, singulating lanes 290
can be provided between adjacent semiconductor devices
100, to facilitate the singulation thereof. FIG. 2M shows the
semiconductor devices 100 after being singulated from one
another. Specifically, the first molded material 150, redistri-
bution structure 130, and second molded material 160 can be
cut together at the singulating lanes 290 (illustrated in FIG.
21) to separate the semiconductor devices 100 from one
another. Once singulated, the individual semiconductor
devices 100 can be attached to external circuitry via the
electrical connectors 106 and thus incorporated into a
myriad of systems and/or devices.

[0044] Any one of the semiconductor devices described
above with reference to FIGS. 1-2M can be incorporated
into any of a myriad of larger and/or more complex systems,
a representative example of which is system 390 shown
schematically in FIG. 3. The system 390 can include a
semiconductor die assembly 300, a power source 392, a
driver 394, a processor 396, and/or other subsystems or
components 398. The semiconductor die assembly 300 can
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include semiconductor devices with features generally simi-
lar to those of the semiconductor devices described above.
The resulting system 390 can perform any of a wide variety
of functions, such as memory storage, data processing,
and/or other suitable functions. Accordingly, representative
systems 390 can include, without limitation, hand-held
devices (e.g., mobile phones, tablets, digital readers, and
digital audio players), computers, and appliances. Compo-
nents of the system 390 may be housed in a single unit or
distributed over multiple, interconnected units (e.g., through
a communications network). The components of the system
390 can also include remote devices and any of a wide
variety of computer readable media.

[0045] From the foregoing, it will be appreciated that
specific embodiments of the technology have been described
herein for purposes of illustration, but that various modifi-
cations may be made without deviating from the disclosure.
Accordingly, the invention is not limited except as by the
appended claims. Furthermore, certain aspects of the new
technology described in the context of particular embodi-
ments may also be combined or eliminated in other embodi-
ments. Moreover, although advantages associated with cer-
tain embodiments of the new technology have been
described in the context of those embodiments, other
embodiments may also exhibit such advantages and not all
embodiments need necessarily exhibit such advantages to
fall within the scope of the technology. Accordingly, the
disclosure and associated technology can encompass other
embodiments not expressly shown or described herein.

I/We claim:

1. A semiconductor device, comprising:

a redistribution structure having a first side and a second
side, wherein the redistribution structure does not
include a pre-formed substrate between the first and
second sides;

a first semiconductor die electrically coupled to the first
side of the redistribution structure;

a second semiconductor die electrically coupled to the
second side of the redistribution structure;

a first molded material on the first side of the redistribu-
tion structure and at least partially around the first
semiconductor die; and

a second molded material on the second side of the
redistribution structure and at least partially around the
second semiconductor die.

2. The semiconductor device of claim 1 wherein the first
semiconductor die is flip-chip bonded to the first side of the
redistribution structure, and wherein the second semicon-
ductor die is flip-chip bonded to the second side of the
redistribution structure.

3. The semiconductor device of claim 1 wherein the first
molded material completely encapsulates the first semicon-
ductor die.

4. The semiconductor device of claim 1 wherein the
second molded material completely encapsulates the second
semiconductor die.

5. The semiconductor device of claim 1 wherein the first
and second semiconductor dies are reflectively symmetric
about the redistribution structure, wherein a coefficient of
thermal expansion of the first molded material is substan-
tially equal to a coefficient of thermal expansion of the
second molded material, and wherein a volume of the first
molded material is substantially equal to a volume of the
second molded material.
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6. The semiconductor device of claim 1, further compris-
ing conductive columns extending through the first molded
material, wherein individual ones of the conductive columns
are electrically coupled to one or both of the first and second
semiconductor dies via the redistribution structure.

7. The semiconductor device of claim 6 wherein the
redistribution structure is a first redistribution structure, and
further comprising a second redistribution structure over an
upper surface of the first molded material and electrically
coupled to the conductive columns.

8. The semiconductor device of claim 1 wherein a thick-
ness of the redistribution structure between the first and
second sides is less than about 50 pum.

9. A semiconductor device, comprising:

a redistribution structure having a first side and a second

side;

a first semiconductor die electrically coupled to the first
side of the redistribution structure;

a second semiconductor die electrically coupled to the
second side of the redistribution structure;

a first molded material on the first side of the redistribu-
tion structure and at least partially around the first
semiconductor die, wherein the first molded material
has a first dimension over the first side of the redistri-
bution structure; and

a second molded material on the second side of the
redistribution structure and at least partially around the
second semiconductor die, wherein the second molded
material has a second dimension over the second side
of the redistribution structure,
wherein the first and second molded materials are

configured such that, in response to a change in
temperature of the semiconductor device, the first
and second dimensions change at a substantially
equal rate.

10. The semiconductor device of claim 9 wherein the
redistribution structure does not include a pre-formed sub-
strate between the first and second sides.

11. The semiconductor device of claim 9 wherein a
coeflicient of thermal expansion of the first molded material
is substantially equal to a coefficient of thermal expansion of
the second molded material.

12. The semiconductor device of claim 9 wherein the first
dimension is a first volume, and wherein the second dimen-
sion is a second volume.
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13. The semiconductor device of claim 12 wherein a ratio
of the first volume to a volume of the first semiconductor die
to is substantially equal to a ratio of the second volume to a
volume of the second semiconductor die.

14. The semiconductor device of claim 9 wherein the first
semiconductor die is spaced apart from the first side of the
redistribution structure to define a first gap therebetween,
wherein the second semiconductor die is spaced apart from
the second side of the redistribution structure to define a
second gap therebetween, wherein the first molded material
is in the first gap, and wherein the second molded material
is in the second gap.

15. The semiconductor device of claim 14 wherein a
dimension of the first gap is substantially equal to a dimen-
sion of the second gap.

16. A semiconductor device, comprising:

a redistribution structure having a first side and a second

side;

a stack of first semiconductor dies electrically coupled to

the first side of the redistribution structure;

a second semiconductor die electrically coupled to the

second side of the redistribution structure; and

a molded material on the first and second sides of the

redistribution structure and at least partially around the
first and second semiconductor dies.

17. The semiconductor device of claim 16 wherein the
first semiconductor dies are memory dies.

18. The semiconductor device of claim 16 wherein a
lowermost one of the first semiconductor dies and the
second semiconductor die are reflectively symmetric about
the redistribution structure.

19. The semiconductor device of claim 16 wherein the
redistribution structure does not include a pre-formed sub-
strate between the first and second sides, and wherein a
thickness of the redistribution structure between the first and
second sides is less than about 50 pum.

20. The semiconductor device of claim 16 wherein the
second semiconductor die is one of a stack of second
semiconductor dies, wherein a number of the first semicon-
ductor dies in the stack of first semiconductor dies is equal
to a number of the second semiconductor dies in the stack of
the second semiconductor dies.
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