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FIG. 1

(57) Abstract: An embedded electronic package includes a stretchable body that includes at least one electronic component, wherein
each electronic component includes a back side that is exposed from the stretchable body; and a plurality of meandering conductors
that are electrically connected to one or more of the electronic components. In some forms, the embedded electronic package in-
cludes a stretchable body that includes an upper surtace and a lower surface, wherein the stretchable body includes at least one elec -
tronic component, wherein each electronic component is fully embedded in the stretchable body and the same distance from the up -
per surface of the stretchable body; and a plurality of meandering conductors that are electrically connected to one or more of the
electronic components.
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STRETCHABLE EMBEDDED ELECTRONIC PACKAGE

5 Priority Claim
{0001} This patent application claims the benefit of priority to U.S.
Application Serial No. 14/943,234, filed November 17, 2015, which is

incorporated by reference herein in its entirety.

10 Technical Field
{0002] Embodiments described herein generally relate to an electronic

package, and more particularly to a stretchable embedded electronic package.

Background

15 j0003] Stretchable computing devices enable various approaches to
managing different types of applications where computing power may be
utilized to enhance the application. As examples, healthcare and fitness are
applications that may utilize stretchable computing devices. Sometimes the size
and/or the shape of an electronic device makes it challenging to provide input

20 {e.g., from a sensor) into a stretchable computing device.
{6004] One class of stretchable computing devices that is rising in
importance relates to textiles which include integrated electronic devices. There
may be a variety of operational and manufacturing concerns associated with
incorporating integrated electronic devices that are part of electronic packages or

25  electronic systems into textiles that are meant to be worn on the body.
{6005} One known limitation with conventional printed circuit board
(PCB) technology relates to using rigid PCB technology for stretchable
applications. Using rigid PCB technology for stretchable applications {e.g
wearable devices) may be problematic because in many applications

30 stretchability of up to 30% may be desired.
{0006} Some conventional electronic packages use a flexible PCB.
However, typical flexible PCB manufacturing processes usually produce a

relatively expensive structure.
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10007} In addition, assembling various electronic components to flexible

boards may be very challenging, especially when fabricate multi-layer flexible

boards. Flexible boards also typically (and undesirably) have much larger

critical dimensions as compared to electronic packages that include nigid boards.
5 These much larger critical dimensions in flexible boards limit the VO density

and circuit complexity of an electronic system that includes the flexible board.

Brief Description of the Drawings
{0008} FIG. 115 a schematic side view itlustrating an example embedded
10 electronic package.
[0009] FIG. 2 is a schematic side view illustrating an example embedded
electronic package similar to FIG. 1 where the embedded electronic package
includes a plurality of electronic components.
10010} FIGS. 3A-3H are schematic side views illustrating an example
15 process for fabricating the embedded electronic package of FIG. 1.
{0011} FI(3. 4 1s a schematic side view illusirating another example
embedded electronic package.
{0012} FIG. 5 is a schematic side view illustrating an example embedded
electronic package similar to FIG. 4 where the embedded electronic package
20 includes a plurality of electronic components.
{6013} FIGS. 6A-61 are schematic side views illustrating an example
process for fabricating the embedded electronic package of FIG. 4.
10014} FIG. 7 is a schematic top view illustrating an example stretchable
electronic assembly that may include any of the embedded electronic packages
25  described herein
{0015} FIG. 8 shows a tlow diagram tllustrating an example method of
fabricating an embedded electronic package.
10016} FIG. 9 shows a flow diagram illustrating another example method
of fabricating an embedded electronic package.
30 {6017} FiG. 10 1s block diagram of an electronic apparatus that includes

any of the stretchable electronic assemblies described herein.
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Bescription of Embediments
{6018} The foliowing description and the drawings sufticiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
5 embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
{0019} Orientation terminology, such as “horizontal,” as used in this
10 application is defined with respect to a plane parallel to the conventional plane
or surface of a wafer or substrate, regardless of the orientation of the wafer or
substrate. The term “vertical” refers to a direction perpendicular to the
horizontal as defined above. Prepositions, such as “on,” “side” (asin
“sidewall™), “higher,” “lower,” “over,” and “under” are defined with respect to
15 the conventional plane or surface being on the top surface of the water or
substrate, regardless of the orientation of the wafer or substrate.
{0020} In some forms, the example embedded electronic packages
described herein may be integrated with (or attached to) textiles (i.e. clothing).
in other forms, the example embedded electronic packages may be attached
20 directly to the skin of someoune (1.e., siroilar to a bandage) that utilizes any of the
example stretchable electronic assemblies described herein.
{0021} As used herein “stretchable” refers to the ability elongate in the
direction of an applied force. The amount of stretching will be determined in
part on the application where any of the exarple stretchable electronic
25  assemblies described herein are to be used. As an example, the degree of
stretching may be different when the example stretchable embedded electronic
packages described herein are integrated with {or detachably connecied to)
textiles (i.e. clothing) as opposed when the example stretchable embedded
electronic packages described herein are attached directly to the skin of someone
30 that utilizes any of the example stretchable embedded electronic packages.
{0022} FIG. 115 a schematic side view itlustrating an example embedded
electronic package 10. The embedded electronic package 10 includes a
stretchable body 11 that includes at least one electronic component 12,

3



WO 2017/087069

10

20

PCT/US2016/053400

10023} FIG. 2 is a schematic side view illustrating an example embedded
electronic package 10 where the embedded electronic package 10 includes a
plurality of electronic components 12A, 12B, 12C, 12B. Each electronic
component 12A, 12B, 12C, 12D includes a backside 13 that is exposed from the
stretchable body 11, A plurality of meandering conductors 14 are electrically
connected to one or more of the electronic components 12A, 12B, 12C, 12D.
{0024} It should be noted that each of the electronic componentis 124,
12B, 12C, 12D may be the same, partially the same or different electronic
components. The type and arrangement of electronic compounents 12A, 12B,
12C, 12D that are included in the embedded electronic package 10 will depend
in part on the application where the embedded electronic package 10 isto be
used (among other factors).

{0025} In some forrs, the stretchable body 11 includes an elastomer
material. As an example, the stretchable material 11 that covers the meandering
conductors 14 may be silicone elastomers {(e.g., polymethyldisiloxane (PDMS}),
thermoplastic polyurethane (TPU}, and/or polyimide, epoxy, epoxy and/or
polyimide filled with various micro and/or nano fillers, such as silica particles
and acrylate. The type of material that is used for the stretchable body will
depend in part on the application where the embedded electronic package 15 to
be used as well as the degree of flexibility that is required within the stretchable
body 11 (among other factors).

{6026} In some forrus, the plurality of meandering conductors 14 ray
have a serpentine shape. It should be noted that a variety of shapes (including
three-dimensional shapes) are conteruplated tor the meandering conductors 14.
The size, type and shape of meandering conductors 14 that are included in the
embedded electronic packages 10 will depend on a variety of manufacturing and
operational considerations.

{0027} As shown in FIGS. 1 and 2, the embedded electronic package 10
may further include at least one via 15 embedded within the stretchable body 11
and extending from an opposing side 16 of each electronic component 12A, 12B,
12C, 12D. The embedded electronic package 10 further includes a plurality of
conductive pads 17 that are embedded within the stretchable body 11. Each via
15 may be electrically connected to ove of the meandering conductors 14 or one

4
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of the pads 17. In addition, each meandering conductor 14 may be electrically
connected to a via 15 or a pad 17 {or both a via 15 and a pad 17). The stretchable
body 11 includes openings 18 that expose the conductive pads 17.
{0028} In some forms, the embedded electronic package 10 further
5 includes a textile T (see FIG. 7) such that the stretchable body 11 is attached to
the textile T. In addition, at least one of the electronic components 12A, 12B,
12C, 12D may be a sensor, a die, a passive, a power supply and/or an antenna.
The types of electronic components that are included in the embedded electronic
package 10 will depend in part on manutacturing considerations as well as the
10 application where the embedded electronic package is to be utilized (among
other factors).
{6029} FIGS. 3A-3H are schematic side views illustrating an example
process for fabricating the embedded electronic package 10 of FIG. 1. Tt should
be noted that the illustrated example processes may be performed in a different
15 order or include ditferent manufacturing technigues.
{0030] FI(3. 4 1s a schematic side view illusirating another example
embedded electronic package 40 that includes an electronic component 42A.
FI(. S is a schematic side view illusirating an example embedded electronic
package 40 similar to FIG. 4 where the embedded electronic package 40
20 includes a plurality of electronic components 424, 428, 42C, 42D,
{6031} The embedded electronic package 40 includes a stretchable body
41 that includes an upper surface 49 and alower surface 50. Each electronic
component 42A, 42B, 42C, 42D is tully embedded in the stretchable body 41
and is the same distance from the upper surface 49 of the stretchable body 41
25 {0032] A plurality of meandering conductors 44 are electrically
connected to one or more of the electronic components 424, 428, 42C, 42D It
should be noted that the plurality of meandering conductors 44 may be similar to
any of the meandering conductors 14 described above. In addition, the
stretchable body 41 may be similar to any of the stretchable bodies 11 described
30 above.
{06033} The embedded electronic package 40 further includes at least one
via 45 that 1s embedded within the stretchable body 41. The vias 45 extend from
the active side 46 of each electronic component 42A, 428, 42C, 42D

3
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{0034} A plurality of conductive pads 47 1s embedded within the
stretchable body 41. Each via 45 may be electrically connected to one of the
meandering conductors 44 or one of the pads 47. In addition, each meandering
conductor 44 may be electrically connected to a via 45 or a pad 47 (or both a via

5 45 and a pad 47). The stretchable body 41 includes openings 48 that expose the

conductive pads 47.

{0035] In some forms, the embedded electronic package 40 further
includes a textile T {see FIG. 7} such that the stretchable body 41 is attached to
the textile T. Tn addition, at least one of the electronic components 42A, 428,

10 42C, 42D may be a sensor, a die, a passive, a power supply and/or an antenna.
The types of electronic components that are included in the embedded electronic
package 40 will depend in part on manufacturing considerations as well as the
application where the ermnbedded electronic package s to be utilized (among
other factors).

15 j0036] FIGS. 6A-61 are schematic side views illustrating an example
process for fabricating the embedded electronic package 40 of FIG. 4. It should
be noted that the illustrated example processes may be performed in a different
order or include different manufacturing techniques.

10037} FIGS. 3A-3H and 6A-61 illustrate that the processes may utilize a

20 temporary carrier panel. The temporary carrier panel may have different
configurations. As an example, the temporary carrier panel may have two
copper layers that are separated by a weak layer to permit easy separation when
separating the embedded electronic packages 10, 40 from the temporary carrier
panel. It should be noted that a variety of configurations for the temporary

25  carrier panel are contemplated and will depend in part on the materials and
manufacturing processes that are utilized to fabricate the embedded electronic
packages 10, 40.

{0038} It should be noted that in all of the processes that are shown and
described herein, individual units may be singulated from a wafer panel. In

30 addition, the singulated units may be encapsulated and/or attached to other
electronic assemblies or electronic packages.

10039} Al of the illustrated processes and flow diagrams are merely
examples and other processes, materials, components, contigurations and

6
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attachment methods may be utilized. These example processes and flow
diagrams should not be viewed as limiting the scope of the embedded electronic
packages 10, 40 described herein.

{0040} FIG. 7 is a schematic top view illustrating an example
stretchable electronic assembly 70 that may include any of the stretchable
embedded electronic packages 10, 40 described herein. The stretchable
electronic assembly 70 includes a stretchable body 71 that includes electronte
components. A plurality of meandering conductors 72A, 72B, 72C electrically
connect the electronic components.

10041} A plurality of conductive pads are electrically connected to at
least one of the electronic components or some of the plurality of meandering
conductors 72A, 728, 72C. The plurality of conductive pads may be exposed
from the stretchable body 71,

10042} in some forms, at least one of the electronic components is
similar to one or more of the embedded electronic packages 10, 40 described
herein. Alternatively, or in addition to, at least one of the electronic components
may be a sensor 77. In addition, at least one of the electronic components may
be a power source 78,

10043} in some example forms, at least one of the electronic components
may send wired or wireless signals to a user interface (not shown). Asan
example, at least one of the electronic components may include (or be attached
to) an antenna that sends and receives wireless signals to an external device.
10044} The stretchable electronic assembly 70 may further include a
textile T. The stretchable body 71 may be attached to the textile T in any
manner that is known now or discovered in the future. The type of textile T that
15 attached to the electronic assembly 10 will depend on in part on the
application where the stretchable electronic assembly 10 is to be used (among
other factors

{0045} The example stretchable electronic asserubly 70 described herein
may permit the use of high volume manufacturing processes that permit the
stretchable electronic asserblies 70 to be incorporated 1nto various textiles,
garments, clothes, etc., or directly onto the human body. In addition, the
example stretchable electronic assemblies 70 described herein may allow a

7
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designers to provide for an electronic device that includes highly dense
electronic systerns as well as allow readily permit hardware programming
access.

{0046} In addition, the example stretchable electronic assembly 70 ray
include different types of pads for connectivity to additional sensors or power
sources as well as potentially permit wireless connectivity using various antenna
designs. As an example, different antennas may be used for wireless charging
and communication.

{0047} 1t should be noted that various types of sensors 77 roay be
connected to the stretchable body 71, or the stretchable body 71 may include
components that permit electrical connection to various types of sensors 77. The
types of sensors that are included in the stretchable electronic assembly 70 will
depend in part on the application where the stretchable electronic assembly 70 18
to be used (among other factors).

{0048} FIG. 8 shows a flow diagram illustrating an example method
[800] of fabricating an embedded elecironic package 10. Referring also to FIGS.
1-3H, the method [800] includes [810] attaching a backside 13 of an electronic
component 12A to a carrier plate (see FIG. 3A).

10049} The method {8007 further includes [820] covering the carrier plate
with a stretchable material 11 such that the electronic coroponent 12A 18
embedded within the stretchable material 11 (see FIG. 3B). The method [800]
further includes [830] forming vias 15 within the stretchable material such that
the vias 15 are electrically connected to the electronic component 12A (see
FIGS. 3C-3E). The method [800] further includes forrming meandering
conductive traces 14 on a surface of the stretchable material 11 such that the
meandering conductive traces 14 are electronically connected to the vias 15 (see
FIG. 3E).

10056} The method [800] further includes [850] forming conductive pads
17 on the stretchable matenial 11 such that the conductive pads 17 are
electrically connected to the meandering conductive traces 14 and/or the vias 15
{see FIG 3E). The method [800] further includes {860] covering the stretchable

material 11 with additional stretchable material 11 such that the conductive pads



WO 2017/087069 PCT/US2016/053400

10

20

30

17 and the meandering conductive traces 14 are embedded within the stretchable
material 11 (see FIG. 3F).

{6051 in some forms, the method [800] further inchudes {870] forming
openings 18 in the stretchable material 11 to expose the conductive pads 17 (see
Fi(3. 3G). The method [B00] may further include {880] removing the carrier
plate from the embedded electronic package 10 (see FIG. 3H).

{0052] In some forms, {830] forming vias 15 within the stretchable
material 11 includes laser drilling openings in the stretchable material to expose
the electronic component 12A and filling the openings with a conductor to form
the vias 15, It should be noted that the vias 15 may be formed in the stretchable
material in any manner that is known now (e.g., electrolytic plating), or
discovered in the future.

{0053} In some forrs, [810] attaching a backside 13 of an electronic
component 12A to a carrier plate may include attaching a backside 13 of a
plurality of electronic components 124, 128, 12C, 12D to the carrier plate. In
addition, {820] covering the carrier plate with a stretchable material 11 may
include embedding the plurality of electronic components 12A, 128, 12C, 12D
within the stretchable material 11

10054} FIG. 9 shows a flow diagram illustrating another example method
[900] of fabricating an erobedded electronic package 40. Referring also to FIGS.
4-61, the method [900] includes [910] attaching an active side 46 of an electronic
component 42A to a first carrier plate (see FIG. 6A). The method further
includes [920] covering the first carrier plate with a stretchable material 41 such
that the electronic component 42A 15 embedded within the stretchable material
41 (see FI(. 6B). The method further includes [630] removing the first carrier
plate (see FIG. 6C), and [640] attaching the stretchable material to a second
carrier plate {see FIG. 6C).

{0055] The method [900] turther includes [650] forming vias 45 within
the stretchable material 41 such that the vias 45 are electrically connected to the
electronic component 42A (see FIGS. 6D-6F). The method further includes
[600] forming meandering conductive traces 44 on a surface of the stretchable
material 41 such that the meandering conductive traces 44 are electrically

connected to the vias 45 (see FIG. 6F).
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10056 The method {9007 further includes [670] forming conductive pads
47 on the stretchable matenial 41 such that the conductive pads 47 are
electrically connected to the meandering conductive traces 44 and the electronic
component 42A (see FIG. 6F).

5 [D687Y The method [900] further includes [980] covering the stretchable
material 41 with additional stretchable material 41 such that the conductive pads
47 and the meandering conductive traces 44 are embedded within the stretchable
material 41.
{0058} In some forrs, the method {900] may further include [990]

10 forming openings 48 in the stretchable material to expose the conductive pads
47. It should be noted that the openings 48 may be formed in the stretchable
material 41 in any manner that is known now, or discovered in the future.

{0059} The method {900} may further tnclude [995] removing the second
carrier plate. It should be noted that the first and second carrier plates may be

15 removed by any technique that is known now, or discovered in the future.

{0060} In some forms, {650] forming vias 45 within the stretchable
material 41 may include laser drilling openings in the stretchable material 41 to
expose the electronic component 42A and permit filling the openings with a
conductor to form the vias 45. It should be noted that other methods for forming

20 the openings 48 besides laser drilling are contemplated.

{0061} In some forms, {910] attaching an active side 46 of an electronic
component 42A to a first carrier plate may include attaching the active side 46 of
a plurality of electronic components 42A, 428, 42C, 42D to the first carrier
plate. In addition, [920] covering the first carrier plate with the stretchable

25  material 41 may include embedding the plurality of electronic components 424,
42B, 42C, 42D within the stretchable material 41.

10062} FIG. 10 13 a block diagram of an electronic apparatus 1000
incorporating at least one embedded electronic package 10, 40 and/or method
[800], [900] described herein. Electronic apparatus 1000 is merely one example

30 of an electronic apparatus in which forms of the embedded electronic packages
10, 40 and/or methods [800], [900] described herein may be used.

10063} Examples of an electronic apparatus 1000 include, but are not
Himited to, personal computers, tablet computers, mobile telephones, wearable

10
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devices, smart garments, game devices, MP3 or other digital media players, etc.
In this example, electronic apparatus 1200 comprises a data processing system
that inchudes a system bus 1002 to couple the various components of the
electronic apparatus 1000, System bus 1002 provides communications hinks
among the various components of the electronic apparatus 1000 and may be
implemented as a single bus, as a combination of busses, or in any other suitable
manner.

{0064} An electronic apparatus 1000 as describe herein may be coupled
to system bus 1002, The electronic apparatus 1000 may include any circuit or
combination of circuits. In one embodiment, the electronic apparatus 1000
includes a processor 1012 which can be of any type.  As used herein,
“processor’ means any type of computational circuit, such as but not limited to a
microprocessor, a microcontroller, a complex instruction set computing (CISC)
microprocessor, a reduced instruction set computing (RISC) microprocessor, a
very long instruction word (VLIW) microprocessor, a graphics processor, a
digital signal processor (DSP), multiple core processor, or any other type of
ProCcessor Or processing Circuit.

{0065} (Other types of circuits that may be included in electronic
apparatus 1000 are a custom circuit, an application-specific integrated circuit
{ASIC), or the like, such as, for example, one or more circuits {such as a
communications circuit 1014) for use in wireless devices like mobile telephones,
tablet computers, laptop computers, two-way radios, and similar electronic
systems. The IC can perform any other type of function.

{0066} The electronic apparatus 1000 may also include an external
memory 1020, which in turn may include one or more memory elements suitable
to the particular application, such as a main memory 1022 in the form of random
access memory (RAM)}, one or more hard drives 1024, and/or one or more drives
that handle removable media 1026 such as compact disks (CD), flash memory
cards, digital video disk (DVD), and the like.

{6067} The electronic apparatus 1000 may also include a display device
1016, one or more speakers 1018, and a keyboard and/or controller 1030, which

can include a mouse, trackball, touch pad, voice-recognition device, or any other

11



WO 2017/087069 PCT/US2016/053400

10

20

device that permits a system user to input information into and receive
information from the electronic apparatus 1000

{6068} To better illustrate the embedded electronic packages 10, 40
and/or methods [800], [900] described herein, a non-limiting hist of examples 13
provided herein:

{0069} Example 1 includes an embedded electronic package. The
embedded electronic package includes a stretchable body that includes at least
one electronic component, wherein each electronic component includes a back
side that 1s exposed from the stretchable body; and a plurality of meandering
conductors that are electrically connected to one or more of the electronic
components.

{6070} Example 2 includes the embedded electronic package of example
I, wherein the stretchable body includes an elastomer material.

10071} Example 3 includes the embedded electronic package of any one
of examples 1 to 2, wherein the plurality of meandering conductors have a
serpentine shape.

{0072} Example 4 includes the embedded electronic package of any one
of examples 1 to 3, and further including at least one via embedded within the
stretchable body and extending from an opposing side of each electronic
component; a plurality of conductive pads embedded with the streichable body,
wherein each via and each meandering conductor are electrically connected to
one of the pads; and wherein the stretchable body includes openings that expose
the conductive pads.

{0073} Example 5 includes the embedded electronic package of any one
of the examples 1 to 4, and further including a textile, wherein the stretchable
body is attached to the textile.

10074} Example 6 includes the embedded electronic package of any one
of examples 1 to 5, wherein one of the electronic components is at least one of a
sensor, a die, a passive, a power supply or an antenna.

{6075] Example 7 includes an embedded electronic package. The
embedded electronic package includes a stretchable body that includes an upper
surface and a lower surface, wherein the stretchable body includes at least one
electronic component, wherein each electronic component is fully embedded 1n

”

12
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the stretchable body and the same distance from the upper surface of the
stretchable body; and a plurality of meandering conductors that are electrically
connected to one or more of the electronic components.
{6076} Example 8 includes the embedded electronic package of example
5 7, wherein the stretchable body includes an elastomer.
{00771 Example 9 includes the embedded electronic package of any one
of examples 7 to &, wherein the plurality of meandering conductors have a
serpentine shape.
{0078} Example 10 includes the embedded electronic package of any one
10 of'examples 7 to 9, and further including at least one via embedded within the
stretchable body and extending from the active side of each electronic
component; a plurality of conductive pads embedded with the stretchable body,
wherein each via and each meandering conductor are electrically connected to
one of the pads; and wherein the streichable body includes openings that expose
15 the conductive pads.
{0079] Example 11 includes the embedded electronic package of any one
of examples 7 to 10, and further including a textile, wherein the stretchable body
is attached to the textile.
10080} Example 12 includes the embedded electronic package of any one
20 of examples 7 to 11, wherein one of the electronic components is at least one of
a sensor, a die, a passive, a power supply or an antenna.
{0081} Example 13 includes a method of fabricating an embedded
electronic package. The method includes attaching a back side of an electronic
component to a carrier plate; covering the carrier plate with a stretchable
25  material such that the elecironic component is embedded within the stretchable
material; forming vias within the stretchable material that are electrically
connected to the electronic component; forming meandering conductive traces
on a surface of the stretchable material such that the meandering conductive
traces are electrically connected the vias; forming conductive pads on the
30 stretchable material such that the conductive pads are electrically connected to
the roeandering conductive traces; and covering the stretchable material with
additional stretchable material such that the conductive pads and the meandering
conductive traces are embedded within the stretchable material

13
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{0082} Example 14 includes the method of example 13, wherein forming
vias within the stretchable material that are electrically counected to the
electronic component includes laser drilling openings in the stretchable material
to expose the electronic component and filling the openings with a conductor.

5 (0083} Example 15 tncludes the method of any one of examples 13 to 14,
and further including forming openings in the stretchable material to expose the
conductive pads.

{0084} Example 16 includes the method of any one of examples 13 to 15,
and further including reroving the carrier plate.

10 j008S5] Example 17 includes the method of any one of examples 13 to 16,
wherein attaching a back side of an electronic component to a carrier plate
includes attaching a back side of a plurality of electronic components to the
carrier plate, and wheretn covering the carrier plate with a stretchable material
includes embedding the plurality of electronic components within the stretchable

15 material.

{0086} Example 18 includes a method of fabricating an embedded
electronic package. The method includes attaching an active side of an
electronic component to a first carrier plate; covering the first carrier plate with a
stretchable material such that the electronic component is embedded within the

20 stretchable material; removing the first carrier plate; attaching the stretchable
material to a second carrier plate; forming vias within the stretchable material
that are electrically connected to the electronic component; forming meandering
conductive traces on a surface of the stretchable material such that the
meandering conductive traces are electrically connected the vias; forming

25  conductive pads on the stretchable material such that the conductive pads are
electrically connected to the meandering conductive traces; and covering the
stretchable material with additional stretchable material such that the conductive
pads and the meandering conductive traces are embedded within the stretchable
material.

30 {6087} Example 19 includes the method of example 18, wherein forming
vias within the stretchable material that are electrically connected to the
electronic component includes laser drilling openings in the stretchable material
to expose the electronic component and filling the openings with a conductor,

14
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{0088} Example 20 includes the method of any of examples 18t 19, and
further including forming openings in the stretchable material to expose the
conductive pads.

{06039} Example 21 includes the method of any of examples 18 to 20, and
further including removing the second carrier plate.

0090} Example 22 includes the method of any of examples 18 to 21,
wherein attaching an active side of an electronic component to a first cartier
plate includes attaching an active side of a plurality of electronic components to
the first carrier plate, and wherein covering the first carrier plate with the
stretchable material includes embedding the plurality of electronic components
within the stretchable material.

{6091} This overview is intended to provide non-limiting examples of
the present subject matter. It is not intended to provide an exclusive or
exhaustive explanation. The detailed description is included to provide further
information about the methods.

{0092} The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
invention can be practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereot), either with
respect to a particular example (or one or more aspects thereof), or with respect
to other examples {or one or more aspects thereot) shown or described herein,
10093} In this document, the terms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the
term “or’” is used to refer to a nonexclusive or, such that “A or B” includes “A
butnot B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the

15
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following claims, the terms “including” and “comprising” are open-ended, that
is, a system, device, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
5 terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.
{0094} The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples {(or one or more aspects
thereof} may be used in combination with each other. Other embodiments can
10 beused, such as by one of ordinary skill in the art upon reviewing the above
description.
{6095} Also, in the above Detailed Description, variocus features may be
grouped together to streamiine the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather,
15 inventive subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate
embodiment, and it is contemplated that such embodiments can be combined
with each other in various combinations or permutations. The scope of the
20 invention should be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.

16
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CLAIMS

L. An embedded electronic package, comprising:

a stretchable body that includes at feast one electronic component,
wherein each electronic component includes a back side that is exposed from the
stretchable body; and

a plurality of meandering conductors that are electrically connected to

one or more of the electronic components.

2. The embedded electronic package of claim 1, wherein the stretchable
body includes an elastomer material.
3. The embedded electronic package of claim 1, wherein the plurality of

meandering conductors have a serpentine shape.

4 The embedded electronic package of claim 1, further comprising:

at least one via embedded within the stretchable body and extending
from an opposing side of each electronic component;

a plurality of conductive pads embedded with the stretchable body,
wherein each via and each meandering conductor are electrically connected to
one of the pads; and

wherein the stretchable body includes openings that expose the
conductive pads.

5. The embedded electronic package of claim 1, further comprising a

textile, wherein the stretchable body is attached to the textile.

6. The embedded electronic package of claim 1, wherein one of the
electronic components is at feast one of a sensor, a die, a passive, a power supply

Or an antenna.

PCT/US2016/053400
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7. Au ernbedded electronic package, comprising:
a stretchable body that includes an upper surface and a lower surface,
wherein the stretchable body includes at least one electronic compounent, wherein
5 each electronic component is fully embedded in the stretchable body and the
same distance from the upper surface of the stretchable body; and
a plurality of meandering conductors that are electrically connected to

one or more of the electronic components.

o 8 The embedded electronic package of claim 7, wherein the stretchable

body includes an elastomer.

9. The embedded electronic package of claim 7, wherein the plurality of

meandering conductors have a serpentine shape.

10, The embedded electronic package of claim 7, further comprising:
at least one via embedded within the stretchable body and extending
from the active side of each electronic component;
a plurality of conductive pads embedded with the stretchable body,
20 wherein each via and each meandering conductor are electrically connected to
one of the pads; and
wherein the stretchable body includes openings that expose the

conductive pads.

25 11 The embedded electronic package of claim 7, further comprising a

textile, wherein the stretchable body is attached to the textile.
12, The embedded electronic package of claim 7, wherein one of the

electronic components is at feast one of a sensor, a die, a passive, a power supply

30 OF an antenna.

18
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13, A method of fabricating an erobedded electronic package, comprising:
attaching a back side of an electronic component to a carrier plate;
covering the carrier plate with a stretchable material such that the

5 electronic component i3 embedded within the stretchable material;
forming vias within the stretchable material that are electrically
connected to the electronic component;
torming meandering conductive traces on a surface of the stretchable
material such that the meandering conductive traces are electrically connected
10 the vias;
forming conductive pads on the stretchable material such that the
conductive pads are electrically connected to the meandering conductive traces;
and
covering the stretchable material with additional stretchable material
15 such that the conductive pads and the meandering conductive traces are

embedded within the stretchable material.

t4.  The method of claim 13, wherein forming vias within the stretchable
material that are electrically connected to the electronic component includes
20 laser dulling openings in the stretchable material to expose the electronic

component and filling the openings with a conductor.

15. The method of claim 13, further comprising:
forming openings in the stretchable material to expose the conductive
25 pads; and

removing the carrier plate.

16. The method of claim 13, wherein attaching a back side of an electronic
component to a carrier plate includes attaching a back side of a plurality of

30  electronic components to the carrier plate, and wherein covering the carrier plate
with a stretchable material includes embedding the plurality of electronic

components within the stretchable material.

19
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17. A method of fabricating an embedded electronic package, comprising:
attaching an active side of an electronic component to a first carrier plate;
covering the first carrier plate with a stretchable material such that the

electronic component is embedded within the stretchable material;

5 removing the first carrier plate;
attaching the stretchable matenial to a second carrier plate;
forming vias within the stretchable material that are electrically
connected to the electronic component;
torming meandering conductive traces on a surface of the stretchable
10 material such that the meandering conductive traces are electrically connected
the vias;
torming conductive pads on the stretchable material such that the
conductive pads are electrically connected to the meandering conductive traces;
and
15 covering the stretchable material with additional stretchable material
such that the conductive pads and the meandering conductive traces are

embedded within the stretchable material.

18. The method of claim 17, wherein forming vias within the stretchable
20 material that are electrically connected to the electronic component includes
laser drilling openings in the stretchable material to expose the electronic

component and filling the openings with a conductor.

19. The method of claim 18, further comprising:
25 forming openings in the stretchable material to expose the conductive
pads; and

removing the second carrier plate.

20. The method of claim 17, wherein attaching an active side of an electronic

30  component to a first carrier plate includes attaching an active side of a plurality
of electronic components to the first carrier plate, and wherein covering the first
carrier plate with the stretchable material includes embedding the plurality of
electronic components within the stretchable matenal.

20
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ADD CARRIER AND ELECTRONIC COMPONENT TO DOUBLE SIDE TAPE
FIG. 3A

ENCAPSULATE ELECTRONIC COMPONENT WITH STRETCHABLE MATERIAL
FIG. 3B

FORM OPENINGS STRETCHABLE MATERIAL

FIG. 3C

]

SEED DEPOSITION AND TRACE PATTERNING
FIG. 3D
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ADD FIRST CARRIER AND ELECTRONIC COMPONENT TO DOUBLE SIDED TAPE
FIG. 6A

ENCAPSULATE ELECTRONIC COMPONENT WITH STRETCHABLE MATERIAL
FIG. 6B

REMOVE TAPE AND CARRIER - ATTACH TAPE AND SECOND CARREER
FIG. 6C
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FORMING OPENINGS IN THE STRETCHABLE MATERIAL
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ATTACHING A BACK SIDE OF AN ELECTRONIC COMPONENT
TO A CARRIER PLATE
I 820

COVERING THE CARRIER PLATE WITH A STRETCHABLE MATERIAL
SUCH THAT THE ELECTRONIC COMPONENT IS EMBEDDED WITHIN
THE STRETCHABLE MATERIAL

' 830

FORMING VIAS WITHIN THE STRETCHABLE MATERIAL THAT ARE
ELECTRICALLY CONNECTED TO THE ELECTRONIC COMPONENT

I 840

FORMING MEANDERING CONDUCTIVE TRACES ON A SURFACE OF
THE STRETCHABLE MATERIAL SUCH THAT THE MEANDERING
CONDUCTIVE TRACES ARE ELECTRICALLY CONNECTED THE VIAS

I -850

FORMING CONDUCTIVE PADS ON THE STRETCHABLE MATERIAL
SUCH THAT THE CONDUCTIVE PADS ARE ELECTRICALLY
CONNECTED TO THE MEANDERING CONDUCTIVE TRACES

- 860
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COVERING THE STRETCHABLE MATERIAL WITH ADDITIONAL
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| 870
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I 820
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' 930
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I 940
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I 870

FORMING CONDUCTIVE PADS ON THE STRETCHABLE MATERIAL
SUCH THAT THE CONDUCTIVE PADS ARE ELECTRICALLY
CONNECTED TO THE MEANDERING CONDUCTIVE TRACES

' - 980
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| 90
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