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Bond a first adhesive layer to a first fabric layer.
302

¥

Bond a second adhesive layer to a second fabric layer, which includes a first hole.
304
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Cut a second hole and a third hole in the first fabric layer.
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Bond an adhesive pane over the second hole.
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Bond a paper layer embroidered with conductive thread to the first adhesive layer.
310

L

Remove the paper layer, leaving the conductive thread coupled to the first adhesive
layer.
312
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Bond the first adhesive layer to the second adhesive layer, wherein the first hole is
aligned with the second hole.
314
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Couple a mount, overlapping with the first hole, to the second fabric layer.
316
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Couple a back plate to the first fabric layer.
318
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Couple a sensor, overlapping with the third hole, to the first fabric layer.
320
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GARMENT WITH CONDUCTIVE THREAD
EXPOSED ON BOTH SIDES

BACKGROUND

1. Field of Art

[0001] This description generally relates to layered gar-
ments, and specifically to manufacturing layered garments
with exposed conductive material on both sides of the
garments.

2. Description of the Related Art

[0002] Sensors record a variety of information about the
human body. For example, electrocardiograph (ECG) elec-
trodes can measure electrical signals from the skin of a
person that are used to determine the person’s heart rate. In
addition, electromyography (EMG) electrodes can measure
electrical activity generated by a person’s muscles. Heart
rate and muscle movement information may be useful for
evaluating the person’s physiological condition, for
instance, while exercising. The electrodes need to be posi-
tioned on, and physically contact, the person’s skin. Often,
ECG, EMG, and other types of electrodes are used in
laboratories or other controlled settings where there is
specialized equipment and personnel to help attach the
electrodes to a person’s skin.

[0003] Conductive threads have been used in garments to
incorporate electronics components such as electrodes and
other types of sensors. In particular, electrical signals from
the sensors can be transmitted through conductive threads.
Existing methods for manufacturing garments with conduc-
tive threads are time consuming because the methods require
many steps to reliably embed the conductive threads into
fabric of garments. Further, individually insulating each
conductive thread in a garment increases the diameter of the
conductive threads, which may be undesirable because the
garment’s thickness would increase as well.

SUMMARY

[0004] A garment includes multiple layers of material,
including fabric, adhesives, and conductive threads. Further,
the garment may also include sensors and a processing unit,
for example, to analyze data measured by the sensors. The
sensors are electrically connected to the processing unit via
the conductive threads embedded between the fabric layers
of the garment. At least one hole on either side of the
garment exposes a conductive thread. Holes in the garment
also allow sensors and mounts to be placed on opposing
sides of the garment. The sensors of the garment can be
positioned such that particular data can be measured repre-
sentative of a user wearing the garment during exercise.
Examples of such data include a heart rate, a breathing rate,
muscle activation data, electromyography or EMG data,
exercise timing data, and the like.

[0005] The garment can be manufactured by bonding an
adhesive to a first layer of fabric and a second layer of fabric.
Holes are cut into each layer of fabric to accommodate the
integration of sensors and a processing unit mount. Con-
ductive thread embroidered onto a support layer is bonded to
the adhesive of the second layer of fabric. The support layer
is removed such that the conductive thread remains bonded
to the adhesive. The first and second layers of fabric are
bonded together such that the conductive thread is coupled
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between the two layers of adhesive. A back plate is added to
the layers of fabric around at least one hole to provide
structural support to maintain the position of the mount. The
conductive thread is exposed within each hole, and the
mount and sensors can be coupled within the holes such that
an electrical connection is established between the mount
and at least one sensor via the conductive thread.

BRIEF DESCRIPTION OF DRAWINGS

[0006] FIG. 1A shows an outside view of a garment
according to one embodiment.

[0007] FIG. 1B shows an inside view of the garment with
a bottom layer of fabric according to one embodiment.
[0008] FIG. 1C shows an inside view of the garment with
the bottom layer of fabric removed according to one
embodiment.

[0009] FIG. 1D shows another inside view of the garment
with the bottom layer of fabric removed according to one
embodiment.

[0010] FIG. 2A shows a cross sectional view of a bottom
layer of fabric bonded to an adhesive layer according to one
embodiment.

[0011] FIG. 2B shows a cross sectional view of the bottom
layer of fabric with holes according to one embodiment.
[0012] FIG. 2C shows a cross sectional view of the bottom
layer of fabric and a paper layer embroidered with a con-
ductive thread according to one embodiment.

[0013] FIG. 2D shows a cross sectional view of the bottom
layer of fabric coupled to the conductive thread according to
one embodiment.

[0014] FIG. 2E shows a cross sectional view of a top layer
of fabric bonded to an adhesive layer according to one
embodiment.

[0015] FIG. 2F shows a cross sectional view of the top
layer of fabric with a mount terminal hole according to one
embodiment.

[0016] FIG. 2G shows a cross sectional view of the bottom
layer of fabric coupled to the top layer of fabric according
to one embodiment.

[0017] FIG. 2H shows a cross sectional view of the
coupled layers of fabric, a mount, and a sensor according to
one embodiment.

[0018] FIG. 2I shows a cross sectional view of the coupled
layers of fabric coupled to the mount and the sensor accord-
ing to one embodiment.

[0019] FIG. 2] shows an isometric view of a grommet of
the garment according to one embodiment.

[0020] FIG. 3 is a flow chart illustrating a process for
manufacturing a garment according to one embodiment.
[0021] The figures depict embodiments of the present
invention for purposes of illustration only. One skilled in the
art will readily recognize from the following discussion that
alternative embodiments of the structures and methods illus-
trated herein may be employed without departing from the
principles of the invention described herein.

DETAILED DESCRIPTION

1. Garment

[0022] FIG. 1A shows an outside view of a garment 100
according to one embodiment. The garment 100 is coupled
to a mount 110 for attaching a processing unit 120 to the
garment 100. The processing unit 120 is also referred to
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herein as the “core.” The processing unit 120 includes a first
set of mount terminals 125, i.e., positioned on the bottom
side of the processing unit 120, that are electrically conduc-
tive and are configured to receive signals for processing by
the processing unit 120. Similarly, the mount 110 includes a
second set of mount terminals 130, i.e., exposed on an
outside surface of the garment 100 that are also electrically
conductive, and are configured to output signals from sen-
sors within the garment 100 to the processing unit 120. In
some embodiments, the position and arrangement of the first
set of mount terminals 125 corresponds to the position and
arrangement of the second set of mount terminals 130 such
that, for example, each terminal in the first set of mount
terminals 125 makes physical contact with an associated
terminal in the second set of mount terminals 130 when the
processing unit 120 is coupled to the mount 110. FIG. 1A
shows three mount terminals in each set positioned in a
triangle configuration. In other embodiments, the sets of
mount terminals include any number, position, or arrange-
ment of mount terminals. The processing unit 120 receives
electrical signals from the sensors in the garment 100 via
both sets of mount terminals, for example, for processing,
storage, and/or transmission to a mobile device or comput-
ing device.

[0023] The garment 100 is manufactured using multiple
layers including at least a bottom layer of fabric, a layer of
conductive thread (or other conductive materials or leads),
and a top layer of fabric, i.e., the layer of fabric shown in
FIG. 1A, coupled together using one or more layers of
adhesive. Generally, each layer of fabric is less than 1
millimeter thick, e.g., approximately 0.5 millimeters thick,
and can include any type of fabric, including but not limited
to cotton, cotton hybrids, polyester, polypropylene, nylon,
spandex/LYCRA®, or any blend or combination thereof.
The manufacturing process is described in greater detail
below. It should be noted that while the garment 100 shown
in FIG. 1A is a long sleeve shirt, the principles described
herein apply equally to any garment, including but not
limited to a short sleeved shirt, a tank top, pants, shorts, or
any other suitable garment.

[0024] FIG. 1B shows an inside view of the garment 100
with a bottom layer of fabric 145 according to one embodi-
ment. In particular, FIG. 1B illustrates the bottom layer of
fabric 145 (also referred to as an inner or inside layer of
fabric) of the garment 100 coupled to the top layer of fabric
shown in FIG. 1A. The garment 100 includes sensor termi-
nals 140 exposed by holes in the bottom layer of fabric 145.
In particular, the sensor terminals 140 are patches that
overlap holes in the bottom layer of fabric 145, which allows
a sensor (on an outer layer of fabric of the garment 100) to
be electrically coupled to an internal layer of the garment
100, e.g., a layer of conductive thread. Sensors may be
communicatively coupled to the sensor terminals 140 when
physically coupled to the garment 100. Specifically, each
sensor is positioned so that the sensor can make physical
contact with the skin of a user wearing the garment 100
when the sensor is coupled to a corresponding sensor
terminal 140. Sensors measure data from a user wearing the
garment 100. For example, the sensors can be electrodes that
measure electromyography (EMGQG) data of the user (electri-
cal signals caused by muscle cells) or electrocardiograph
(ECG) data of the user (electrical signals caused by depo-
larization of the user’s heart muscle in particular). The
sensors may also include other types of sensors such as
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temperature sensors, pressure sensors, humidity sensors, etc.
The bottom layer of fabric 145 is not necessarily the same
shape or size as the outer layer of fabric. Typically, the
bottom layer of fabric 145 covers the sensor terminals 140
and is smaller than the outer layer of fabric. FIG. 1B shows
seven sensor terminals 140 positioned in a symmetrical
configuration on the bottom layer of fabric, though in other
embodiments, the garment 100 can include any number or
arrangement of sensor terminals 140.

[0025] FIG. 1C shows an inside view of the garment 100
with the bottom layer of fabric 145 (shown in FIG. 1B)
removed according to one embodiment. The layer of con-
ductive threads 150 is coupled between the top layer of
fabric and the bottom layer of fabric. The conductive threads
150 can be a conductive resin (e.g., polymers, silicone,
neoprene, thermoplastics, etc.), conductive metal (e.g., cop-
per), or any other type of conductive material. The conduc-
tive resin is produced by combining conductive material
with a resin, e.g., a non-conductive resin. The conductive
threads 150 electrically couple the sensor terminals 140 to
each other and/or to mount terminals 130. As discussed
below, the conductive threads 150 can be embroidered onto
a paper layer, which in turn can be coupled to an adhesive
layer bonded to a fabric layer. In such embodiments, the
paper portion of the paper layer can be removed, leaving the
embroidered conductive threads coupled to the adhesive
layer. Although the conductive threads 150 illustrated in
FIG. 1C are straight lines, it should be noted that in other
embodiments, the conductive threads can have curved pat-
terns, zigzag patterns, and the like. Further, although some
of the conductive threads 150 of FIG. 1C communicatively
couple multiple sensor terminals 140 to a single mount
terminal 130, it should be noted that in other embodiments,
each sensor terminal 140 is communicatively coupled to a
different mount terminal 130 by the conductive threads 150.
In some embodiments, the conductive threads 150 do not
overlap or cross within the garment 100. Generally, the
conductive thread is less than 1 millimeter thick.

[0026] FIG. 1D shows another inside view of the garment
100 with the bottom layer of fabric 145 (shown in FIG. 1B)
removed according to one embodiment. In particular, FIG.
1D shows a cross section 170 (i.e., A-A") overlaid on the
garment 100. The cross section 170 includes a mount
terminal 130, sensor terminal 140, and segment of the
conductive thread 150. The cross section 170 is further
described with reference to FIGS. 2A-K below.

1I. Cross Sections of Manufacturing Process

[0027] The garment 100 is manufactured using a process
of steps to assemble multiple layers of the garment 100.
FIGS. 2A-K illustrate this process with views of the cross
section 170. The cross sectional views shown in FIGS. 2A-K
are not necessarily to scale. In particular, the dimensions of
various layers and components of the garment 100 have
been altered for purposes of clarity.

[0028] II. A. Bottom Layer of Fabric

[0029] FIG. 2A shows a cross sectional view of a bottom
layer of fabric 200 bonded to an adhesive layer 202 accord-
ing to one embodiment. As noted above, the fabric 200 can
be composed of cotton, polyester, nylon, spandex, and the
like. In some embodiments, the fabric 200 includes or is
treated with anti-microbial material, moisture wicking mate-
rial, and/or other chemical treatments. The adhesive 202 can
be a polyurethane based adhesive, cyanoacrylate based
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adhesive, epoxy glue, or any other type of adhesive suitable
for bonding fabric materials. The adhesive 202 is bonded to
the top surface of the fabric 200. It should be noted that
while the adhesive 202 is shown in the embodiment of FIG.
2A to cover the entirety of the surface of the fabric 200, in
other embodiments, the adhesive 202 is applied only to
portions of the fabric 200.

[0030] FIG. 2B shows a cross sectional view of the bottom
layer of fabric 200 with holes according to one embodiment.
Specifically, the fabric 200 includes a mount hole 204 (to
accommodate a back plate to support a mount for a pro-
cessing unit 120, as described below) and a sensor hole 206
(to accommodate a sensor to make contact with a user). In
some embodiments, the fabric 200 does not include a mount
hole 204, and the back plate can be attached to the fabric 200
without using a mount hole 204. It should be emphasized
that while the cross section illustrated in FIG. 2B includes
only one sensor hole, in practice, the bottom layer of fabric
of a garment 100 will include a multiple sensor holes, for
instance 10 or more. In some embodiments, a pane 208 of
adhesive, 1.e., substantially the same material as the adhesive
202, is bonded over the mount hole 204, though in other
embodiments, a pane of fabric or any other suitable material
can be bonded over the mount hole 204.

[0031] FIG. 2C shows a cross sectional view of the bottom
layer of fabric 200 and a paper layer 212 embroidered with
conductive thread 210 according to one embodiment. The
conductive thread 210 is embroidered onto a paper layer
212. Although reference is made herein to a paper layer 212,
in other embodiments, the conductive thread 210 can be
embroidered onto a support layer that is a wax paper layer,
a plastic layer, a rubber layer, and the like according to the
principles described herein. In some embodiments, the con-
ductive thread 210 is not necessarily embroidered onto the
support layer. For example, conductive material can be
deposited onto the support layer using chemical vapor
deposition, physical deposition, thermal treatment, spin-on
film, sputtering, or any other suitable deposition method.
The paper layer 212 includes a sensor support 214 coupled
between the conductive thread 210 and the paper layer 212
such that the sensor support 214 aligns with the sensor hole
206 when the paper layer 212 is bonded to the fabric 200.
The sensor support 214 can be an adhesive, a fabric, plastic,
rubber, and the like or combinations thereof. The paper layer
212 is bonded to the fabric 200 such that the conductive
thread 210 is coupled between the adhesive 202 and the
paper layer 212, and such that the sensor support 214 is
aligned with the sensor hole 206. In some embodiments, the
paper layer 212 is not necessarily composed using a paper
type material. For example, the paper layer 212 is made
using plastic or a synthetic material and may be referred to
as a support layer.

[0032] FIG. 2D shows a cross sectional view of the bottom
layer of fabric 200 coupled to the conductive thread 210
according to one embodiment. The paper layer 212 is
removed from the fabric 200 such that the conductive thread
210 remains coupled to the fabric 200. In some embodi-
ments, the paper layer 212 can be peeled away from the
fabric 200, while in other embodiments, a chemical treat-
ment or other substance can be applied to the paper layer
212, causing the paper layer 212 to separate from the
conductive thread 210.
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[0033] 1II. B. Top Layer of Fabric

[0034] FIG. 2E shows a cross sectional view of a top layer
of fabric 226 bonded to an adhesive layer 224 according to
one embodiment. The top layer of fabric 226 and adhesive
layer 224 can be made of the same materials as the bottom
layer of fabric 200 and the adhesive layer 202 described in
FIG. 2A, respectively, or can be made of different materials.
The adhesive layer 224 is bonded to the bottom surface of
the fabric 226. It should be noted that while the adhesive
layer 224 is shown in the embodiment of FIG. 2E to cover
the entirety of the surface of the fabric 226, in other
embodiments, the adhesive layer 224 is applied only to
portions of the fabric 226.

[0035] FIG. 2F shows a cross sectional view of the top
layer of fabric 226 with a mount terminal hole 228 according
to one embodiment. The mount terminal hole 228 is cut out
to accommodate a mount terminal, for example, the mount
terminal 130 shown in FIG. 1C. It should be emphasized that
while the cross section illustrated in FIG. 2F includes only
one mount terminal hole 228, in practice, the top layer of
fabric of a garment 100 can include multiple mount terminal
holes, for instance, one for each mount terminal of a mount
110 attached to the garment 100.

[0036] Insome embodiments, the mount terminal hole 228
is not cut out, but formed using other techniques. For
example, the top layer of fabric 226 includes multiple
segments. At least two of the segments have indentations.
Thus, coupling the two segments together may form the
mount terminal hole 228. For instance, each indentation is a
semicircle such that coupling the two segments together—
aligning the two indentations—forms a circular shaped hole.
Other holes of the garment 100 (e.g., mount hole 204 and
sensor hole 206) can be formed similarly using various
techniques other than cutting.

[0037] FIG. 2G shows a cross sectional view of the bottom
layer of fabric 200 coupled to the top layer of fabric 226
according to one embodiment. The bottom layer of fabric
200 is coupled to the top layer of fabric 226 via the adhesive
layers 202 and 224 such that the conductive thread 210 is
coupled between the adhesives layers, and such that the
mount terminal hole 228 aligns with the mount hole 204. In
some embodiments, the adhesive layers 202 and 224 each
include an internal waterproof barrier layer. The internal
waterproof barrier layers each contact the conductive thread
210. Thus, the conductive thread 210 is protected from
moisture or other contaminants by the internal waterproof
barrier layers. It should be noted that although the embodi-
ment of FIG. 2G includes gaps between portions of the
adhesive layers 202 and 224 not immediately adjacent to the
conductive thread 210, in practice, the conductive thread
210 is very thin (e.g., less than 1 millimeter thick), allowing
the adhesive layers 202 and 224 to compress together around
the conductive thread 210.

[0038] As illustrated in the embodiment of FIG. 2G, the
conductive thread 210 is exposed within the mount terminal
hole 228. A mount terminal of a mount 110 can be inserted
into the mount terminal hole 228 such that the mount
terminal abuts the exposed portion of the conductive thread
210. Thus, the mount terminal can be electrically coupled to
the conductive thread 210 and, in turn, to a sensor electri-
cally coupled to the conductive thread 210. Signals from
such a sensor can be transmitted to the mount terminal (and
to a processing unit or core electrically coupled to the mount
110) via the conductive thread 210. Similarly, the conductive
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thread 210 is also exposed within the sensor hole 206,
thereby enabling a sensor inserted into the sensor hole 206
such that the sensor abuts the portion of the exposed
conductive thread 210 to be electrically coupled to the
conductive thread 210 and, in turn, to a mount terminal and
processing unit also electrically coupled to the conductive
thread 210.

[0039] II. C. Mount and Sensor

[0040] FIG. 2H shows a cross sectional view of the
coupled layers of fabric 200 and 226, a mount 110, and a
sensor 238 according to one embodiment. The mount 110
includes a mount terminal 130, for example, one of the
mount terminals in the first set of mount terminals 130
shown in FIG. 1A. The sensor 238 (previously described
with reference to FIG. 1B) includes an electrically conduc-
tive terminal 240. The mount 110 is coupled to the coupled
layers of fabric 200 and 226 by aligning the mount terminal
130 with and overlapping the mount terminal 130 into the
mount terminal hole 228 (also referred to as the second
hole). The mount terminal 130 can form a waterproof seal
over the second hole. The sensor 238 is coupled to the
coupled layers of fabric 200 and 226 by aligning the terminal
240 with and overlapping the sensor 238 into the sensor hole
206 (also referred to as the third hole). The sensor 238 can
form a waterproof seal over the third hole. In one embodi-
ment, the sensor 238 is coupled to the garment 100 using a
liquid conductive silicone to form an electrical connection to
the conductive thread 210. The liquid conductive silicone
cures to form a solid seal.

[0041] FIG. 2H also shows a back plate 216 and a pro-
tective layer 218. The back plate 216 is a rigid or semi-rigid
material, such as plastic. The protective layer 218 prevents
the skin of a user wearing the garment 100 from directly
physically contacting the back plate 216, beneficially
increasing the comfort of a user wearing the garment 100.
The protective layer 218 can also form a waterproof seal
over holes or access points in the bottom layer of fabric 200.
The protective layer 218 can be a fabric, plastic, rubber, and
the like.

[0042] The back plate 216 can be coupled to the bottom
layer of fabric 200 by applying an adhesive on a top surface
of the protective layer 218 around the back plate 216 and
compressing the protective layer 218 into the bottom layer
of fabric 200. The back plate 216 can also be coupled to the
bottom layer of fabric using any other suitable method,
including but not limited to sewing the fabric 200 and the
protective layer 218 together. As will be described below, the
back plate 216 provides structural support to the mount 110
when the mount 110 is coupled to the garment 100. Accord-
ingly, the back plate 216 is aligned with and overlaps with
the mount hole 204 when the back plate 216 is coupled to the
layer of fabric 200. In some embodiments, the top of the
back plate 216 physically abuts the pane 208 before the
mount 110 is coupled to the garment 110, while in other
embodiments, the mount 110 compresses the conductive
thread 210 and the pane 208 into the top of the back plate
216.

[0043] It should be noted that each of the holes 204, 206,
and 228, as well as portions of the mount 110, sensor 238,
and back plate 216 that overlap with the holes, have been
enlarged as illustrated in FIG. 2H for purposes of clarity. In
practice, each of the holes 204, 206, and 228 are thin because
the coupled layers of fabric 200 are each typically less than
1 millimeter in thickness.
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[0044] FIG. 21 shows a cross sectional view of the coupled
layers of fabric 200 and 226 coupled to the mount 110 and
the sensor 238 according to one embodiment. The back plate
216 and protective layer 218 are also coupled to the bottom
layer of fabric 200. The mount terminal 130 physically abuts
and/or compresses the conductive thread 210. Further, the
terminal 240 of the sensor 238 also physically abuts and/or
compresses the conductive thread 210. Thus, the mount
terminal 130 is electrically coupled to the terminal 240 via
the conductive thread 210, thereby enabling the mount 110
to receive signals from the sensor 238 (and in some embodi-
ments, transmit signals to the sensor 238). The mount 110 is
coupled to the back plate 216 via screws 220 and 222 (or
bolts and the like) through the back plate 216 and the mount
110. In some embodiments, the mount 110 is coupled to the
fabric layer 226 via an adhesive.

[0045] When the mount 110 abuts and/or compresses the
conductive thread 210, the back plate 216 asserts a recip-
rocal compressive force on the conductive thread 210,
thereby securing the mount 110 against the back plate 216.
In other words, the conductive thread 210 is compressibly
secured between the mount 110 and the back plate 216,
beneficially securing the electrical coupling between the
mount terminal 130 and the conductive thread 210. In some
embodiments, the mount 110, the sensor 238, and the layers
of adhesive 202 and 224 provide a waterproof seal around
the openings, protecting the conductive thread 210.

[0046] The processing unit 120 includes at least one
mount terminal 125, for example, one of the mount termi-
nals 125 shown in FIG. 1A. The processing unit 120 can be
coupled to the mount 110 such that the mount terminal 125
is aligned with the mount terminal 130, and such that the
processing unit 120 can transmit signals to and from the
sensor 238 via the mount terminal 130, the conductive
thread 210, and the terminal 240. Though only one electrical
connection between the processing unit 120 and a sensor
238 is shown in a garment in FIG. 21, typically, a garment
100 includes multiple electrical connections between mount
terminals and sensors.

[0047] FIG. 2] shows an isometric view of a grommet 250
of the garment 100 according to one embodiment. For
purposes of clarity, only select components of the garment
100 shown in FIG. 21 are shown in FIG. 2]. In addition to
the components shown in FIG. 21, the conductive thread 210
is coupled to a grommet 250. The grommet 250 helps form
an electrical connection between the conductive thread 210
and the mount 110 or the sensor 238, e.g., by providing
mechanical support. In particular, the screws 220 and 222
that couple the mount 110 to the back plate 216 compress the
grommet 250 in between, which keeps the grommet 250
secured in place. Thus, the grommet 250 stays aligned to the
mount terminal 130 (or a sensor terminal 140). Though only
one grommet is shown in FIG. 2], it should be noted that the
garment 100 typically includes multiple grommets, e.g., a
grommet for each connection to the mount 110 or sensors
238.

II1. Method of Manufacture

[0048] FIG. 3 is a flow chart illustrating a process 300 for
manufacturing a garment 100 according to one embodiment.
In some embodiments, the process 300 may include different
or additional steps than those described in conjunction with
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FIG. 3, and in some embodiments, the process 300 includes
steps in different orders than the order described in conjunc-
tion with FIG. 3.

[0049] The process 300 manufactures a garment 100 layer
by layer using varying materials and components. A first
adhesive layer (for instance, the adhesive layer 202 as shown
in FIG. 2A) is bonded 302 to a first fabric layer (for instance,
the fabric layer 200). A second adhesive layer (such as the
adhesive layer 224 shown in FIG. 2E) is bonded 304 to a
second fabric layer (such as the fabric layer 226), which
includes a first hole. A second hole and a third hole (for
instance, the mount hole 204 and sensor hole 206 shown in
FIG. 2B, respectively) are cut 306 into the bonded first
adhesive layer and the first fabric layer.

[0050] An adhesive pane (for instance, the pane 208
shown in FIG. 2B) is bonded 308 over the second hole and
is coupled to the first adhesive layer. A paper layer embroi-
dered with conductive thread (for instance, the paper layer
214 as shown in FIG. 2C) is bonded 310 to the first adhesive
layer. The paper layer is removed 312 from the first adhesive
layer such that the conductive thread remains coupled to the
first adhesive layer (for instance, as shown in FIG. 2D).
[0051] The first adhesive layer is bonded 314 to the second
adhesive layer such that the first hole is aligned with the
second hole (for instance, the mount hole 204 is aligned with
the mount terminal hole 228, as shown in FIG. 2G). In
addition, the conductive thread is coupled between the first
adhesive layer and the second adhesive layer, and is exposed
within the first hole and the third hole. A mount is coupled
316 to the second fabric layer such that the mount overlaps
with the first hole and makes electrical contact with the
conductive thread exposed at the first hole (for instance, as
shown in FIG. 2H). A back plate (for instance, the back plate
216 shown in FIG. 21) is coupled 318 to the first fabric layer
such that the back plate overlaps with the second hole. A
sensor is coupled 320 to the first fabric layer such that the
sensor overlaps with the third hole and makes electrical
contact with the conductive thread exposed at the third hole
(for instance, as shown in FIG. 2H).

IV. Additional Considerations

[0052] Upon reading this disclosure, those of skill in the
art will appreciate still additional alternative structural and
functional designs through the disclosed principles herein.
Thus, while particular embodiments and applications have
been illustrated and described, it is to be understood that the
disclosed embodiments are not limited to the precise con-
struction and components disclosed herein. Various modifi-
cations, changes and variations, which will be apparent to
those skilled in the art, may be made in the arrangement,
operation and details of the method and apparatus disclosed
herein without departing from the spirit and scope defined in
the appended claims.

[0053] As used herein any reference to “one embodiment”
or “an embodiment” means that a particular element, fea-
ture, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment.

[0054] Some embodiments may be described using the
expression “coupled” and “connected” along with their
derivatives. For example, some embodiments may be
described using the term “coupled” to indicate that two or
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more elements are in direct physical or electrical contact.
The term “coupled,” however, may also mean that two or
more elements are not in direct contact with each other, but
yet still co-operate or interact with each other. The embodi-
ments are not limited in this context unless otherwise
explicitly stated.

[0055] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or appa-
ratus that comprises a list of elements is not necessarily
limited to only those elements but may include other ele-
ments not expressly listed or inherent to such process,
method, article, or apparatus. Further, unless expressly
stated to the contrary, “or” refers to an inclusive or and not
to an exclusive or. For example, a condition A or B is
satisfied by any one of the following: A is true (or present)
and B is false (or not present), A is false (or not present) and
B is true (or present), and both A and B are true (or present).
[0056] In addition, use of the “a” or “an” are employed to
describe elements and components of the embodiments
herein. This is done merely for convenience and to give a
general sense of the invention. This description should be
read to include one or at least one and the singular also
includes the plural unless it is obvious that it is meant
otherwise.
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What is claimed is:

1. A method comprising:

bonding a first adhesive layer to a first fabric layer;

bonding a second adhesive layer to a second fabric layer

including a first hole;

cutting a second hole and a third hole into the bonded first

adhesive layer and the first fabric layer;

bonding an adhesive pane over the second hole, the

adhesive pane coupled to the first adhesive layer;
bonding a support layer embroidered with conductive
thread to the first adhesive layer;

removing the support layer from the first adhesive layer

such that the conductive thread remains coupled to the
first adhesive layer:;

bonding the first adhesive layer to the second adhesive

layer such that the first hole is aligned with the second
hole, such that the conductive thread is coupled
between the first adhesive layer and the second adhe-
sive layer, and such that the conductive thread is
exposed at the first hole and the third hole;

coupling a mount to the second fabric layer such that the

mount overlaps with the first hole and makes electrical
contact with the conductive thread exposed at the first
hole;
coupling a back plate to the first fabric layer such that the
back plate overlaps with the second hole; and

coupling a sensor to the first fabric layer such that the
sensor overlaps with the third hole and makes electrical
contact with the conductive thread exposed at the third
hole.

2. The method of claim 1, wherein the second fabric layer
includes a plurality of segments, at least two of the segments
each including an indentation, and wherein the first hole is
formed by the indentations of the at least two of the
segments.

3. The method of claim 1, wherein a grommet is coupled
to the conductive thread exposed within the first hole.
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4. The method of claim 1, wherein the first adhesive layer
and the second adhesive layer provide a waterproof seal
around the conductive thread.

5. The method of claim 1, wherein the sensor comprises
an electrode configured to record electromyography (EMG)
or electrocardiograph (ECG) data and to provide the data to
a processing unit electrically coupled to the mount via the
conductive thread.

6. The method of claim 1, wherein conductive thread is a
conductive resin.

7. The method of claim 1, wherein the conductive thread
is less than 1 millimeter thick, the first layer of fabric is less
than 1 millimeter thick, and the second layer of fabric is less
than 1 millimeter thick.

8. The method of claim 1, wherein the back plate physi-
cally abuts the pane of adhesive and compresses the pane of
adhesive and the conductive thread coupled to the pane of
adhesive into the mount.

9. The method of claim 1, wherein the first fabric layer is
larger in size than the second fabric layer.

10. A garment manufactured by a process comprising the
steps of:

bonding a first adhesive layer to a first fabric layer;

bonding a second adhesive layer to a second fabric layer

including a first hole;

cutting a second hole and a third hole into the bonded first

adhesive layer and the first fabric layer;

bonding an adhesive pane over the second hole, the

adhesive pane coupled to the first adhesive layer;
bonding a support layer embroidered with conductive
thread to the first adhesive layer;

removing the support layer from the first adhesive layer

such that the conductive thread remains coupled to the
first adhesive layer;

bonding the first adhesive layer to the second adhesive

layer such that the first hole is aligned with the second
hole, such that the conductive thread is coupled
between the first adhesive layer and the second adhe-
sive layer, and such that the conductive thread is
exposed at the first hole and the third hole;

coupling a mount to the second fabric layer such that the

mount overlaps with the first hole and makes electrical
contact with the conductive thread exposed at the first
hole;
coupling a back plate to the first fabric layer such that the
back plate overlaps with the second hole; and

coupling a sensor to the first fabric layer such that the
sensor overlaps with the third hole and makes electrical
contact with the conductive thread exposed at the third
hole.

11. The garment of claim 10, wherein the second fabric
layer includes a plurality of segments, at least two of the
segments each including an indentation, and wherein the
first hole is formed by the indentations of the at least two of
the segments.

12. The garment of claim 10, wherein a grommet is
coupled to the conductive thread exposed within the first
hole.

13. The garment of claim 10, wherein the first adhesive
layer and the second adhesive layer provide a waterproof
seal around the conductive thread.
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14. The garment of claim 10, wherein the sensor com-
prises an electrode configured to record electromyography
(EMG) or electrocardiograph (ECG) data and to provide the
data to a processing unit electrically coupled to the mount
via the conductive thread.

15. The garment of claim 10, wherein conductive thread
is a conductive resin.

16. The garment of claim 10, wherein the conductive
thread is less than 1 millimeter thick, the first layer of fabric
is less than 1 millimeter thick, and the second layer of fabric
is less than 1 millimeter thick.

17. The garment of claim 10, wherein the back plate
physically abuts the pane of adhesive and compresses the
pane of adhesive and the conductive thread coupled to the
pane of adhesive into the mount.

18. The garment of claim 10, wherein the first fabric layer
is larger in size than the second fabric layer.

19. A garment comprising:

a first garment layer including a first hole;

a second garment layer including a second hole, wherein
the first hole and the second hole are located on
opposite sides of the garment; and

a conductive layer coupled, using an adhesive, between
the first garment layer and the second garment layer
such that the conductive layer is exposed within the
first hole and the second hole.

20. The garment of claim 19, further comprising:

a mount coupled to second garment layer such that the
mount overlaps with the second hole and makes elec-
trical contact with the conductive layer exposed at the
second hole; and

a sensor coupled to the first garment layer such that the
sensor overlaps with the first hole and makes electrical
contact with the conductive layer exposed at the first
hole.

21. The garment of claim 19, wherein the first garment
layer includes a first fabric layer and a first adhesive layer,
and wherein the second garment layer includes a second
fabric layer and a second adhesive layer.

22. The garment of claim 21, wherein the first and the
second adhesive layers each include an internal waterproof
barrier layer.

23. A method comprising:

accessing a first garment layer with a first hole and a
second hole;

accessing a second garment layer with a third hole;

bonding an adhesive pane over the first hole, the adhesive
pane coupled to the first garment layer;

bonding a conductive layer to the bonded first garment
layer and adhesive pane, the conductive layer compris-
ing a conductive lead; and

bonding the first garment layer to the second garment
layer such that the first hole is aligned with the third
hole, such that the conductive lead is coupled between
the first garment layer and the second garment layer,
and such that the conductive lead is exposed at both the
second hole and the third hole.
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