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EMBEDDED FORMATION OF WEARABLE
AND FLEXIBLE BATTERIES

BACKGROUND

[0001] Wearable technology is a relatively new market
that has shown immense potential and has already impacted
several business sectors, including health, communication,
fashion, energy, and textiles. A variety of wearable devices
are now being available. For example, wearable devices may
use some form of textile. Smart apparel, for example, is an
integration between textiles and wearable technology. Smart
apparels may aim to monitor, for example, one or more
parameters of the body such as body temperature, and are an
area where the need to provide a light weight, thin, and
flexible power source is important.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The embodiments of the disclosure will be under-
stood more fully from the detailed description given below
and from the accompanying drawings of various embodi-
ments of the disclosure, which, however, should not be taken
to limit the disclosure to the specific embodiments, but are
for explanation and understanding only.

[0003] FIGS. 1A-1D schematically illustrate formation of
a metal layer on a fabric, where the metal layer is subse-
quently used for forming embedded batteries on the fabric,
according to some embodiments.

[0004] FIGS. 2A-2G schematically illustrate formation of
embedded batteries at a fiber level, according to some
embodiments.

[0005] FIGS. 3A-3] schematically illustrate formation of
embedded batteries at a fabric level, according to some
embodiments.

[0006] FIG. 4 illustrates a cross sectional view of a battery
cell formed on a fabric, according to some embodiments.
[0007] FIG. 5 illustrates a cross sectional view of a com-
ponent comprising two battery cells formed on a fabric 302
and connected in parallel, according to some embodiments.
[0008] FIG. 6 illustrates a cross sectional view of a com-
ponent comprising two battery cells formed on a fabric and
connected in series, according to some embodiments.
[0009] FIG. 7 illustrates a cross sectional view of a com-
ponent comprising two battery cells formed on two sides of
a fabric, according to some embodiments.

[0010] FIG. 8 illustrates a computer system or a SoC
(System-on-Chip), where a battery may be formed on a
fabric associated with the computing system, in accordance
with some embodiments.

DETAILED DESCRIPTION

[0011] In some embodiments, one or more battery cells
may be formed on a fabric of a smart apparel or a smart
wearable device. For example, the fabric may have func-
tional groups (e.g., hydroxyl groups) inherently present
thereon or deposited thereon, and a self-assembled mono-
layer (SAM) may be formed on the fabric, e.g., by attaching
the SAM to the functional groups on the fabric. Subse-
quently, a thin metal layer may be grown or deposited on the
SAM by a deposition process such as electro-less metal
plating. For example, the SAM material may serve to
provide anchor points while growing the metal. A catalyst
layer may facilitate formation of the metal layer on the SAM
of the fabric.
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[0012] In some embodiments, the metal layer may act as
a current collector (e.g., a cathode current collector) of a
battery cell. Subsequently, cathode material, anode material,
a separation layer separating the cathode and anode material,
and an encapsulant may be formed on the metal layer,
thereby forming a battery cell.

[0013] The battery cell may be formed at a fiber level (e.g.,
while the fiber has not yet been used to form the fabric) or
at a fabric level (e.g., after the fibers are woven together to
form the fabric). In some embodiments, multiple battery
cells may be formed adjacent to each other, and the battery
cells may be configured in a serial configuration, or a
parallel configuration. Varying geometry and form factors of
the battery cells may be possible.

[0014] There are several technical advantages of various
embodiments. For example, a SAM may facilitate good
adhesion between the fabric and the metal layer of the
battery. In some embodiments, a very thin stack of a battery
cell may be architecturally designed by taking advantage of
the thin nature of the SAM layer (e.g., a few nanometers),
which may allow for the additional deposition of the thin
layer of metal (e.g., which can be used as current collector).
In some embodiments, the battery may be formed on a
pre-woven textile or synthetic textile. In some other embodi-
ments, the battery may be at least in part formed on the
thread or fiber level and be subsequently woven into any
desired textile, or may be co-woven with more traditional
textiles materials to achieve a certain look or feel.

[0015] In some embodiments, the battery may be formed
on a material that is commonly used with textiles, such as
polyurethane sheets (e.g., thermoplastic polyurethane
(TPU)). In some embodiments, polyurethane sheets or TPUs
may be used to provide waterproofing for fabrics and then
bonded or laminated to the textile. In an example, once the
battery is formed on polyurethane sheets, the polyurethane
sheets (with the batteries formed thereon) may be attached
(e.g., by a lamination process) to another fabric.

[0016] Inanexample, by taking advantage of the large real
estate area found on the fabric of, for example, an apparel,
a power storage system with high battery capacity can be
formed. Other technical effects will be evident from the
various embodiments and figures.

[0017] In the following description, numerous details are
discussed to provide a more thorough explanation of
embodiments of the present disclosure. It will be apparent,
however, to one skilled in the art, that embodiments of the
present disclosure may be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form, rather than in
detail, in order to avoid obscuring embodiments of the
present disclosure.

[0018] Note that in the corresponding drawings of the
embodiments, signals are represented with lines. Some lines
may be thicker, to indicate more constituent signal paths,
and/or have arrows at one or more ends, to indicate primary
information flow direction. Such indications are not
intended to be limiting. Rather, the lines are used in con-
nection with one or more exemplary embodiments to facili-
tate easier understanding of a circuit or a logical unit. Any
represented signal, as dictated by design needs or prefer-
ences, may actually comprise one or more signals that may
travel in either direction and may be implemented with any
suitable type of signal scheme.
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[0019] Throughout the specification, and in the claims, the
term “connected” means a direct connection, such as elec-
trical, mechanical, or magnetic connection between the
things that are connected, without any intermediary devices.
The term “coupled” means a direct or indirect connection,
such as a direct electrical, mechanical, or magnetic connec-
tion between the things that are connected or an indirect
connection, through one or more passive or active interme-
diary devices. The term “circuit” or “module” may refer to
one or more passive and/or active components that are
arranged to cooperate with one another to provide a desired
function. The term “signal” may refer to at least one current
signal, voltage signal, magnetic signal, or data/clock signal.
The meaning of “a,” “an,” and “the” include plural refer-
ences. The meaning of “in” includes “in” and “on.” The
terms “substantially,” “close,” “approximately,” “near,” and
“about,” generally refer to being within +/-10% of a target
value.

[0020] Unless otherwise specified the use of the ordinal
adjectives “first,” “second,” and “third,” etc., to describe a
common object, merely indicate that different instances of
like objects are being referred to, and are not intended to
imply that the objects so described must be in a given
sequence, either temporally, spatially, in ranking or in any
other manner.

[0021] For the purposes of the present disclosure, phrases
“A and/or B” and “A or B” mean (A), (B), or (A and B). For
the purposes of the present disclosure, the phrase “A, B,
and/or C” means (A), (B), (C), (Aand B), (Aand C), (B and
C), or (A, B and C). The terms “left,” “right,” “front,”
“back,” “top,” “bottom,” “over,” “undet,” and the like in the
description and in the claims, if any, are used for descriptive
purposes and not necessarily for describing permanent rela-
tive positions.

[0022] FIGS. 1A-1D schematically illustrate formation of
a metal layer on a fabric, where the metal layer is subse-
quently used for forming embedded batteries on the fabric,
according to some embodiments. Referring to FIG. 1A,
illustrated is a fabric 102. The fabric 102 may form, for
example, a part of a wearable device, e.g., a smart apparel.
The smart apparel may, for example, perform various tasks,
such as measure heart rate, body temperature, perspiration,
glucose levels, and/or one or more other body parameters,
aid in movement of a body part, and/or the like. The fabric
102 may comprise any appropriate material, e.g., cotton,
cellulose, etc. A section of a thread or a fiber 104 of the
fabric 102 is also illustrated in FIG. 1A. For example, the
fiber 104 represents a single fiber or thread of the fabric 102,
or a group of fibers or threads bundled together.

[0023] In some embodiments, functional groups 106 may
form on the fiber 104. The functional groups 106 may be
inherently present on the fiber 104, or may be formed or
deposited on the fiber 104. Examples of such functional
groups 106 may be carboxyls, amines, thiols, hydroxyls, or
any functional group that may chemically and/or physically
interact with an incoming SAM. The illustration of the
functional groups 106 in FIG. 1A is for illustrative purposes
only, and does not reflect a manner in which the functional
groups 106 are actually laid upon the fiber 104.

[0024] Referring now to FIG. 1B, a self-assembled mono-
layer (SAM) 108 may be formed on the fiber 104. In some
embodiments, the SAM 108 may be formed by directly
functionalizing the surface of the fiber 104. For example, the
SAM 108 may be deposited by utilizing the hydroxyl groups
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106 as active sites and anchor points for molecules of the
SAM 108 to chemically adhere to. In some embodiments,
the SAM 108 may be deposited or chemisorb through spray,
dip coating, exposing the fabric to a solution or vapor, and/or
another appropriate process. In some embodiments, depend-
ing on fabric surface functionality, the SAM 108 deposition
process may be followed by some light heating, e.g., to
ensure chemisorption.

[0025] Self-assembled monolayers may be chosen, for
example, for their spontaneous ability to self-organize into a
single monolayer on almost any active surface. SAMs
generally may have the following chemical configuration,
which may lend to their self-assembling properties: head
group, an organic tail, and terminating group. SAMs may be
selected based on the corresponding head group’s affinity to
a substrate. For example, ideally the head group may have
a stronger affinity to the substrate than the terminating
group. This may, for example, ensure that the SAM orga-
nizes with the head group physically and/or chemically
attached to the substrate (where, in FIG. 1B, the substrate
may be the fiber 104). In an example, the tail and terminating
group may stick far away from the substrate surface. Thus,
a SAM may be organized in a way that terminating groups
may be available for further functionalization and/or chemi-
cal modification. Selecting a SAM group for the embodi-
ment proposed here may depend on an affinity between head
group and functional group on the substrate, and the final
terminal group, which may play a role on the types of metals
that may grow on the surface.

[0026] In some embodiments, any appropriate type of
SAM material may be used as a SAM layer 108. FIG. 1B
illustrates using amine group (—NH2). In some other
embodiments, another type of SAM material may be used,
e.g., thiol (—SH), carboxylic acid (—COOH), Pyridyl, etc.

[0027] In some embodiments, the SAM 108 may be a
relatively thin layer. For example, the SAM 108 may be in
the range of about 0.5 nanometer (nm) to about 2.5 nm, e.g.,
depending on a chain length (e.g., on a specific carbon chain
length) selected for the SAM 108.

[0028] Referring now to FIG. 1C, once the SAM 108 is
firmly established onto the fabric surface, catalysts 112 may
be deposited on the SAM 108. For example, the catalysts
112 may comprise appropriate metal catalysts deposited and
adhered by functional groups having an affinity to those
catalysts. In some embodiments, the catalysts 112 may
subsequently serve as anchor points for electro-less deposi-
tion of metal (e.g., Cu), as illustrated in FIG. 1D. In some
embodiments, palladium catalyst (Pd**) may be used (e.g,,
when the subsequent electro-less growth of FIG. 1D is of
copper), but any other suitable catalyst for selective metal
growth may also be used. In an example, the palladium
catalyst may be in an ionic state when deposited. In some
embodiments, the catalysts 112 may be deposited by spray,
dip coating, exposing the fabric to a solution or vapor, and/or
another appropriate process.

[0029] Referring now to FIG. 1D, a metal layer 116 may
be formed on the SAM 108. The metal layer 116 may be
formed by using a deposition process such as, for example,
electro-less metal plating. The catalysts 112 may subse-
quently serve as the anchor points for the electro-less
deposition of the metal layer 116. In some embodiments,
copper (Cu) may be used for the metal layer 116, although
another appropriate type of metal may also be used.
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[0030] In some embodiments, batteries may be formed on
a fabric either at a fiber or a fabric level. For example, a
fabric may comprise hundreds, thousands, or even millions
of fibers. Individual thread or fiber in a fabric may comprise
a bundle of tinier threads or fibers. In some embodiments, a
small battery may be formed on a fiber, e.g., prior to the fiber
being used to form a fabric, which is referred to herein as
formation of a battery at the fiber level. In some other
embodiments, a battery may be formed on a fabric (e.g.,
subsequent to multiple fibers being woven to form the
fabric), which is referred to herein as formation of battery at
the fabric level. FIGS. 2A-2G schematically illustrate for-
mation of embedded batteries at a fiber level, according to
some embodiments; and FIGS. 3A-3J schematically illus-
trate formation of embedded batteries at a fabric level,
according to some embodiments.

[0031] Referring to FIGS. 2A-2G, these figures illustrate
formation of embedded batteries at the fiber level, e.g., prior
to the fibers being woven to form a fabric. Referring to FIG.
2A, illustrated is the fiber 104 of FIGS. 1A-1D. For example,
the fiber 104 in FIG. 2A is to be later used to form the fabric.
As illustrated, the fiber 104 may be a bundle of smaller fibers
or threads. Although the functional groups 106 of FIG. 1A
may be formed on the fiber 104 of FIG. 2A, such functional
groups are not illustrated in FIG. 2A.

[0032] Referring now to FIG. 2B, illustrated is the fiber
104 with the SAM 108 deposited thereon, e.g., as discussed
with respect to FIG. 1B. Deposition of the SAM 108 is
discussed in further details with respect to FIG. 1B.
Although the catalysts 112 may be deposited on the SAM
108, the deposition of the catalysts 112 is not illustrated in
FIG. 2B. In some embodiments, the SAM 108 may be a
relatively thin layer. For example, the SAM 108 may be in
the range of about 0.5 nanometer (nm) to about 2.5 nm, e.g.,
depending on a chain length (e.g., on a specific carbon chain
length) selected for the SAM 108.

[0033] Referring now to FIG. 2C, illustrated is the fiber
104 with the SAM 108 deposited and the metal layer 116
deposited thereon. Deposition of the metal layer 116 on a
fiber is discussed in further details with respect to FIG. 1D.
In FIG. 2C, the metal layer 116 is visible, and not the pristine
fiber 104. In some embodiments, the metal layer 116 may
serve as a current collector for an embedded battery formed
on the fiber 104,

[0034] Referring now to FIG. 2D, anode material may be
deposited on the metal layer 116 to form an anode layer 203.
The anode material may be deposited by printing (e.g.,
screen printing, ink-jet printing, etc.), spray coating, dip
coating, and/or another appropriate process. Although the
anode layer 203 is illustrated to cover only a section of the
fiber 104, the anode layer 203 may cover the entire fiber,
other sections of the fiber, and/or other sections of the fabric
as well. In some embodiments, the metal layer 116 may
serve as a current collector for the anode layer 203.

[0035] Referring now to FIG. 2E, electrolyte material, gel
electrolyte material, and/or the like may be deposited on the
surface of the anode layer 203 to form a separation layer
205. In some embodiments, the separation layer 205 may act
as a separator between the anode and the cathode of the
battery to be formed. In some embodiments, the separation
layer 205 may be deposited using, for example, screen
printing, exposing the fabric to vapor phase or liquid, spray
coating, and/or the like.
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[0036] Referring now to FIG. 2F, cathode material may be
deposited on the separation layer 205 to form a cathode layer
207 on top of the separation layer 205. The cathode material
may be deposited by printing, spray coating, dip coating,
and/or another appropriate process. Although the cathode
layer 207 is illustrated to cover only a section of the fiber or
fabric, the cathode layer 207 may cover all or other sections
of the fiber or fabric as well.

[0037] Referring now to FIG. 2G, illustrated is a compo-
nent 200g. In FIGS. 2A-2F, only a single fiber 104 is
illustrated. However, in FIG. 2G, three strands of fibers
104a, 1045, and 104c are illustrated, each being developed
as discussed with respect to FIGS. 2A-2F. For example, the
fiber 104a comprises metal layer 116a deposited thereon, an
anode layer 2034, a separation layer 2054, and a cathode
layer 207a formed thereon. In some embodiments, in the
component 200g, a current collector layer 209 may be
formed, where the current collector layer 209 may surround
the three fibers 104a, 1045, and 104¢. In some embodiments,
the current collector layer 209 may comprise appropriate
metal, e.g., copper, aluminum, etc. The current collector
layer 209 may be formed by, for example, printing, sputter-
ing, plating, and/or another appropriate metal deposition
process. In some embodiments, the current collector layer
209 may act as a current collector for the cathode layers
207a, 207b, and 207c.

[0038] Although FIG. 2G illustrates three sets of fibers
surrounded by the current collector layer 209, in some
embodiments, one, two, four, or higher sets of fibers may be
surrounded by the current collector layer. The component
200g may act as a basic battery cell, although some other
process may be performed prior to using the component
200g as a battery (e.g., the final battery or set of batteries
may require encapsulation). In some embodiments, subse-
quent to the formation of the battery, the fibers 104a, 1045,
and 104c, along with the embedded batteries, may be used
to form a fabric. For example, the fibers 104a, 1045, 104¢
may be subsequently woven into any desired textile, or may
be co-woven with more traditional textiles materials to
achieve a certain look or feel of the resultant fabric.
[0039] FIGS. 3A-3] schematically illustrate formation of
embedded batteries at a fabric level, according to some
embodiments. For example, the operations discussed with
respect to these figures may be performed after the fabric is
woven using multiple fibers.

[0040] Itis to be noted that in some of FIGS. 3A-3] (e.g,,
in FIGS. 3C-3F), some of the layers in various figures may
not be visually separable (e.g., may look alike), e.g., due to
the limitations in the shadings and/or colors used to generate
these figures. However, these illustrative limitations of the
figures do not imply that the layers in the various figures are
the same. The written specification discusses in details
formation of the layers, and the labels used in these figures
also indicate formation of the various layers.

[0041] Referring now to FIG. 3A, illustrated is a compo-
nent 300a comprising a fabric 302. The fabric 302 may be
pristine fabric, and may comprise cotton, cellulose, and/or
the like.

[0042] Referring now to FIG. 3B, illustrated is a compo-
nent 3005 comprising SAM 304 deposited on the fabric 302.
Deposition of a SAM on a fabric (or a fiber of a fabric) has
been discussed with respect to FIGS. 1B and 2B, and hence
is not discussed in further detail herein. In some embodi-
ments, the SAM 304 may be a relatively thin layer. For
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example, the SAM 304 may be in the range of about 0.5
nanometer (nm) to about 2.5 nm, e.g., depending on a chain
length (e.g., on a specific carbon chain length) selected for
the SAM 304.

[0043] Referring now to FIG. 3C, illustrated is a compo-
nent 300¢ comprising the fabric 302, and metal layer 308
formed thereon. Formation of a metal layer (e.g., copper
layer) on a fabric (or a fiber of a fabric) has been discussed
in details with respect to FIGS. 1D and 2C. In some
embodiments and although not illustrated in FIG. 3C, a
catalyst layer may be formed prior to the deposition of the
metal layer 308, e.g., as discussed with respect to FIG. 1C.
[0044] Referring now to FIG. 3D, illustrated is a compo-
nent 3004 comprising the fabric 302, where, in some
embodiments, a cathode layer 310 may be deposited on the
metal layer 308 of the fabric 302. It is to be noted that FIGS.
2A-2G illustrated formation of an anode layer on the fiber,
and formation of a cathode layer on top of the anode layer
(e.g., with an electrolyte separation layer separating the
cathode and anode layers). In contrast, in FIG. 3D, the
cathode layer is first formed on the fabric, and later an anode
layer is to be formed on the cathode layer (e.g., with an
electrolyte separation layer separating the cathode and anode
layers). Deposition of a cathode or an anode layer on the
fabric may be a design choice, and in some other embodi-
ments, an anode layer may be deposited in FIG. 3D instead
of the cathode layer 310. Deposition of an anode/cathode
layer has been discussed in details with respect to FIGS.
2A-2G. In some embodiments, the metal layer 308 may act
as a current collector for the cathode layer 310.

[0045] Referring now to FIG. 3E, illustrated is a compo-
nent 300e comprising the fabric 302, and a separation layer
312 may be deposited on the cathode layer 310. Deposition
of a separation layer has been discussed in details with
respect to FIG. 2E. In some embodiments, the separation
layer 312 may electrically separate the cathode layer 310
from an anode laver that is subsequently formed.

[0046] Referring now to FIG. 3F, illustrated is a compo-
nent 300/ comprising the fabric 302, and an anode layer 314
may be deposited on the separation layer 312. In some
embodiments, the formation of the anode layer 314 and the
cathode layer 310 may be interchanged. Deposition of an
anode/cathode layer has been discussed in details with
respect to FIGS. 2A-2G.

[0047] Referring now to FIG. 3G, illustrated is a compo-
nent 300g comprising the fabric 302, and an anode current
collector layer 316 may be deposited on the anode layer 314.
In some embodiments, the anode current collector layer 316
may comprise metal, e.g., copper, platinum, gold, nickel,
and/or the like. The anode current collector layer 316 may
act as a current collector for the anode layer 314. In some
embodiments, the anode current collector layer 316 may be
a thin and at least partially flexible layer of metal. In some
embodiments, the anode current collector layer 316 may be
formed by printing a metal layer (e.g.. screen printing,
ink-jet printing, etc.), by a sputtering operation, by a plating
operation, and/or the like.

[0048] Referring now to FIG. 3H, illustrated is a compo-
nent 300/~ comprising the fabric 302, and an encapsulant 318
that may encapsulate the component 300g. For example, the
encapsulant 318 may encapsulate the fabric 302 (e.g., at
least a section of the fabric 302), after the formation of
various layers discussed with respect to FIGS. 3A-3G. In
some embodiments, the encapsulant 318 may protect the
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fabric 302 and the battery formed thereon from degradation.
In some embodiments, encapsulant 318 may be formed by
laminating one or more sheets of encapsulant, and/or may be
formed by a molding process.

[0049] Referring now to FIG. 31, illustrated is a compo-
nent 300; comprising the fabric 302, and a cathode contact
320 and an anode contact 322 formed thereon. For example,
the encapsulant 318 may be patterned to open up the
encapsulant 318 at the locations where the cathode contact
320 and the anode contact 322 are to be formed. Such
patterning of the encapsulant 318 may be performed using,
for example, skiving, drilling, lithography, wet or dry chemi-
cal etching, and/or the like.

[0050] For example, a first opening may be formed in the
encapsulant 318, where the first opening may expose a
section of the metal layer 308, and where the metal layer 308
may act as a current collector layer for the cathode layer 310.
Subsequently, the cathode contact 320 (e.g., which may
comprise an appropriate type of metal) may be formed in the
first opening, such that the cathode contact 320 is attached
to the metal layer 308. Similarly, a second opening may be
formed in the encapsulant 318, where the second opening
exposes at least a section of the anode current collector layer
316. Subsequently, the anode contact 322 (e.g., which may
comprise an appropriate type of metal) may be formed in the
second opening, such that the anode contact 322 is attached
to the anode current collector layer 316. The illustrated
location, shape and/or size of the cathode/anode contacts are
merely examples, and these contacts can be located at any
other location within the component 300, and/or can have
any other appropriate shape and/or size.

[0051] Insome embodiments, the component 300/ may act
as a battery cell that is formed on or embedded in the fabric
302. In some embodiments, more than one such battery cells
may be formed on the fabric 302 (e.g., on different sections
of the fabric 302), and such battery cells may be intercon-
nected. FIG. 37 illustrates a component 3005 that comprises
four battery cells 340a, 3405, 340¢, and 3404 (henceforth
also referred to as a battery cell 340 in singular, and battery
cells 340 in plural). Each of these battery cells may be
similar to the battery cell of the component 300i. For
example, the battery cell 340a may comprise an encapsulant
3184 and an anode contact 322a formed on a first section of
the fabric 302, the battery cell 3400 may comprise an
encapsulant 3185 and an anode contact 3226 formed on a
second section of the fabric 302, and so on. Various other
components of the battery cells 340 (e.g., as discussed with
respect to FIGS. 3A-3]) are not illustrated in FIG. 3], as
these components are underneath the respective encapsulant.

[0052] In some embodiments, the battery cells 340 may
have a common cathode contact 320, although in some other
embodiments, the cathode contacts may be separate for the
individual battery cells. In some embodiments and although
not illustrated in FIG. 3], the battery cells 340 can have a
commorn anode contact.

[0053] Although four battery cells 340q, . . ., 3404 are
illustrated in FIG. 3J, in some embodiments, any other
number of battery cells may be formed on the fabric 302. In
some embodiments, the fabric 302 may be bendable along
the boundaries or edges of the battery cells 340. Thus, for
example, if the battery cells 340 are reasonably small in size,
the fabric 302 of the component 3005 can be flexible, or at
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least partially flexible (e.g., as the fabric 302 may be
bendable along the boundaries of individual battery cells
340a, . . ., 340d).

[0054] In some embodiments, forming smaller individual
battery cells 304a, . . . , 3044 may increase the flexibility of
the fabric 302. In some embodiments, instead of forming
four separate battery cells 340q, . . ., 3404, one big battery
cell may be formed on the fabric 302.

[0055] FIG. 4 illustrates a cross sectional view of a battery
cell 400 formed on the fabric 302, according to some
embodiments. The battery cell 400 is similar to the battery
cell 300; of FIG. 31, and various components of FIGS. 3A-31
and FIG. 4 are illustrated using similar labels. For example,
the battery cell comprises of fabric 302, the SAM 304
formed on the fabric 302, the metal layer 308 attached to the
SAM 304, and the cathode layer 310 formed on the metal
layer. In some embodiments, the metal layer 308 may act as
a current collector for the cathode layer 308, and the cathode
contact 320 may be in contact with the metal layer 308. In
some embodiments, the separation layer 312 separates the
cathode layer 310 from the anode layer 314. The anode
current collector 316 is formed on the anode layer 314. The
anode contact 322 may be attached to the anode current
collector 316. The encapsulant 318 may encapsulate the
battery cell 400. The cathode contact 320 and the anode
contact 322 may be formed through respective openings in
the encapsulant 318. Various elements of the battery cell 400
are discussed in details with respect to FIGS. 3A-31, and
hence, are not discussed in further details herein.

[0056] FIG. 5 illustrates a cross sectional view of a com-
ponent 500 comprising two battery cells 400a and 4005
formed on the fabric 302 and connected in parallel, accord-
ing to some embodiments. Each of the battery cells 400a and
4005 may be at least in part similar to the battery cell 400
of FIG. 4. For example, similar to FIG. 4, the battery cell
400a may comprise of a SAM 304, a metal layer 308, a
cathode layer 310a formed on the metal layer 308, a
separation layer 312a, an anode layer 314a, an anode current
collector 3164, and an anode contact 322a. The battery cell
4005 may also have similar corresponding components.
[0057] Insome embodiments, the SAM 304 may be com-
mon and a continuous layer for both the battery cells 400a
and 4005. In some embodiments, the metal layer 308 may be
common and a continuous layer for both the battery cells
400a and 4005. As the metal layer 308 may act as a current
collector for the cathode layers 310a and 3105 of the two
battery cells, the cathode layers 310a and 3105 of the two
battery cells 400a and 4005 may be electrically connected
through the metal layer 308. In some embodiments, the
component 500 may have a single cathode contact 320,
which, for example, may act as a common cathode contact
for the parallel connected battery cells 400a and 4000.
[0058] In some embodiments, the two battery cells 400a
and 4005 may be encapsulated using a single common
encapsulant 318. In some embodiments, to ensure that the
two battery cells 400a and 4005 are connected in parallel,
the anode contacts 322a and 3225 may also be connected
(e.g., via a connector that runs external to the battery cells
400a and 4005, or runs within the battery cells 400a and
4005 but not illustrated in FIG. 5).

[0059] Although FIG. 5 illustrates only two battery cells
connected in parallel, in some embodiments, more than two
battery cells may also be connected in parallel, as would be
readily understood by those skilled in the art based on the
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teachings of this disclosure. Connecting the battery cells in
parallel may, for example, increase a current supply capacity
of the battery cell combination.

[0060] FIG. 6 illustrates a cross sectional view of a com-
ponent 600 comprising two battery cells 400c and 4004
formed on the fabric 302 and connected in series, according
to some embodiments. Each of the battery cells 400¢ and
4004 may be at least in part similar to the battery cell 400
of FIG. 4. For example, similar to FIG. 4, the battery cell
400¢ may comprise a SAM 304¢, a metal layer 308¢, a
cathode layer 310c¢ formed on the metal layer 308c¢, a
cathode contact 320¢, a separation layer 312¢, an anode
layer 314¢, an anode current collector 316¢, and an anode
contact 322¢. The battery cell 4004 may also have similar
corresponding components.

[0061] In some embodiments, because the battery cells
400c and 4004 are to be connected in series, unlike FIG. 5,
in the component 600 of FIG. 6, the two battery cells 400¢
and 4004 may have two separate corresponding metal layers
308¢ and 3084, respectively (e.g., which may not be con-
nected). Also, the battery cell 400¢ may include a cathode
contact 320¢. In some embodiments, the metal layer 3084
(e.g., which may be the cathode current collector) may not
have a corresponding cathode contact, and the metal layer
3084 may be connected to the anode contact 322¢, e.g., via
a wire or a connection 602. In some embodiments, the anode
contact 322¢ may not (or need not) be accessible from
outside the battery cell 400c, although in some other
embodiments, the anode contact 322¢ may be accessible.
The cathode contact 320¢ and the anode contact 3224 may
form the two accessible contacts for the component 600. In
some embodiments, the two battery cells 400¢ and 4004 may
be encapsulated using a single common encapsulant 318c¢.

[0062] Although FIG. 6 illustrates only two battery cells
400c and 4004 connected in series, in some embodiments,
more than two battery cells may also be connected in series,
as would be readily understood by those skilled in the art
based on the teachings of this disclosure. Connecting the
battery cells in series may, for example, increase the voltage
supplied by the battery cell combination.

[0063] In some embodiments, a configuration of the bat-
tery cells (e.g., whether the battery cells are connected in
series or parallel, or are standalone cells) may be based on
the application for which the section of the fabric 302 in
which the battery cells are formed is being used. Merely as
an example, the fabric 302 may be worn at least in part on
a user’s body, e.g., as a part of a smart apparel, textile, or
wearable dress developed based on wearable technology. A
section of the smart dress may have a sensor (e.g., a sensor
to measure a parameter associated with the body, such as
temperature, heart rate, etc.). Another section of the dress
may have an actuator (e.g., an actuator at or near the wrist
of the user, to provide haptic feedback to the user). The
sensor may require low voltage and current, while the
actuator may require high voltage. Accordingly, the battery
cells supplying current to the sensors (and possibly formed
on a section of the fabric that is near the sensor) may have
a relatively smaller number of series or parallel connected
cells. In contrast, the battery cells supplying current to the
actuators (and possibly formed on a section of the fabric that
is near the actuators) may have a higher number of series or
parallel connected cells. In some embodiments, designing
distributed battery cells with varying geometric shapes may
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open up a possibility of creating flexible integrated smart
apparel with the necessary energy density to power desired
functionalities.

[0064] FIG. 7 illustrates a cross sectional view of a com-
ponent 700 comprising two battery cells 400 and 400n
formed on two sides of the fabric 302, according to some
embodiments. Each of the battery cells 400 and 4001 may
be at least in part similar to the battery cell 400 of FIG. 4.
[0065] In some embodiments, the battery cells 400m and
4007~ may be formed on both sides of the fabric 302, which
is illustrated as a fiber. In the embodiments illustrated in
FIG. 7, the battery cells 400m and 400z may be connected
in parallel. In some embodiments, the metal layer 308 may
be common for both the battery cells 400 and 400%. For
example, the SAM 304 may be formed on the periphery of
the fiber 302. For example, the SAM 304 may be built
directly within the fabric, e.g., by allowing the SAM solu-
tion to be selectively deposited and functionalized directly
within the individual fibers.

[0066] In some embodiments, the metal layer 308 may be
formed on the SAM. Thus, the metal layer 308 may be
common to both the battery cells 400m and 4007. In some
embodiments, as the metal layer 308 is common to both the
battery cells 400m and 4007, only one of the battery cells
(e.g., the battery cell 400m) may have a cathode contact
(e.g., cathode contact 320m of the battery cell 400m).
[0067] In some embodiments, at least in part similar to
FIG. 4, the battery cell 400m may comprise a cathode layer
310m formed on the metal layer 308, a cathode contact
320m, a separation layer 312m, an anode layer 314m, an
anode current collector 316, and an anode contact 322m.
The battery cell 400r similarly has corresponding compo-
nents. In some embodiments, the two battery cells 400m and
4007 may be encapsulated using a single common encap-
sulant 318m. In some embodiments and although not illus-
trated, anode contacts 322m and 322 of the two battery
cells 400m and 400z may be connected via a connection
(e.g., if the two battery cells are to be used in parallel), which
may be a wire or a connection either within the encapsulant
318m, or outside the encapsulant 318m.

[0068] In some embodiments, any one of at least three
voltage levels can be tapped from the component 700, e.g.,
a first voltage level between the contacts 320m and 322x,
and a second voltage level between the contacts 320m and
322m, and a third voltage level between the contacts 322m
and 322n.

[0069] In some embodiments, forming two battery cells
400 and 4007 on two opposite sides of a fiber or a fabric,
for example, may result in improved battery performance,
e.g., by the added active surface area available for the
battery stack. In an example, the metal layer 308 (e.g., the
current collector) may be deposited on each individual fiber
in the fabric, and form a 3D platform for desired battery
stack. It should be appreciated that different battery stacks
and/or different materials may be implemented on each side
of the fiber 302. In an example, the battery cell 400 may
be in parallel or in series with other battery cells, and/or the
battery cell 400z may be in parallel or in series with other
battery cells (or any other appropriate configuration may be
possible).

[0070] Various embodiments discussed herein is associ-
ated with one or more battery cells being formed on fibers
or a fabric. In some embodiments, in accordance with the
various embodiments discussed in this disclosure, one or
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more battery cells may be formed on a material that is
commonly used with textiles, such as polyurethane sheets
(e.g., TPU). In some embodiments, polyurethane sheets or
TPUs may be used to provide waterproofing for fabrics and
then bonded to the textile. In an example, once the battery
cells are formed on polyurethane sheets, the polyurethane
sheets (with the batteries formed thereon) may be attached
to another fabric. another apparel, etc. For example, the
polyurethane sheets may be laminated onto the fabric or
apparel, and/or may be bonded to the fabric or apparel via
temperature activated adhesive. The polyurethane sheets
may provide various functionalities to the fabric or apparel,
e.g., provide waterproofing to the fabric or apparel.
Although polyurethane sheets or TPU are used as mere
examples, in some embodiments, battery cells may be
formed on any appropriate type of material, and subse-
quently, such material may be attached, bonded, and/or
laminated to an appropriate fabric or apparel.

[0071] FIG. 8 illustrates a computer system or a SoC
(System-on-Chip) 2100, where a battery may be formed on
a fabric associated with the computing system 2100, in
accordance with some embodiments. It is pointed out that
those elements of FIG. 8 having the same reference numbers
(or names) as the elements of any other figure can operate or
fanction in any manner similar to that described, but are not
limited to such.

[0072] In some embodiments, computing device 2100
represents an appropriate computing device, such as a com-
puting tablet, a mobile phone or smart-phone, a laptop, a
desktop, an IOT device, a server, a set-top box, a wireless-
enabled e-reader, or the like. It will be understood that
certain components are shown generally, and not all com-
ponents of such a device are shown in computing device
2100.

[0073] In some embodiments, computing device 2100
includes a first processor 2110. The various embodiments of
the present disclosure may also comprise a network interface
within 2100 such as a wireless interface so that a system
embodiment may be incorporated into a wireless device, for
example, such as a cell phone or personal digital assistant.
[0074] In one embodiment, processor 2110 can include
one or more physical devices, such as microprocessors,
application processors, microcontrollers, programmable
logic devices, or other processing means. The processing
operations performed by processor 2110 include the execu-
tion of an operating platform or operating system on which
applications and/or device functions are executed. The pro-
cessing operations include operations related to /O (input/
output) with a human user or with other devices, operations
related to power management, and/or operations related to
connecting the computing device 2100 to another device.
The processing operations may also include operations
related to audio 1/O and/or display 1/O.

[0075] In one embodiment, computing device 2100
includes audio subsystem 2120, which represents hardware
(e.g., audio hardware and audio circuits) and software (e.g,,
drivers, codecs) components associated with providing
audio functions to the computing device. Audio functions
can include speaker and/or headphone output, as well as
microphone input. Devices for such functions can be inte-
grated into computing device 2100, or connected to the
computing device 2100. In one embodiment, a user interacts
with the computing device 2100 by providing audio com-
mands that are received and processed by processor 2110.
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[0076] Display subsystem 2130 represents hardware (e.g.,
display devices) and software (e.g., drivers) components that
provide a visual and/or tactile display for a user to interact
with the computing device 2100. Display subsystem 2130
includes display interface 2132, which includes the particu-
lar screen or hardware device used to provide a display to a
user. In one embodiment, display interface 2132 includes
logic separate from processor 2110 to perform at least some
processing related to the display. In one embodiment, dis-
play subsystem 2130 includes a touch screen (or touch pad)
device that provides both output and input to a user.
[0077] 1/O controller 2140 represents hardware devices
and software components related to interaction with a user.
1/O controller 2140 is operable to manage hardware that is
part of audio subsystem 2120 and/or display subsystem
2130. Additionally, I/O controller 2140 illustrates a connec-
tion point for additional devices that connect to computing
device 2100 through which a user might interact with the
system. For example, devices that can be attached to the
computing device 2100 might include microphone devices,
speaker or stereo systems, video systems or other display
devices, keyboard or keypad devices, or other [/O devices
for use with specific applications such as card readers or
other devices.

[0078] As mentioned above, I/O controller 2140 can inter-
act with audio subsystem 2120 and/or display subsystem
2130. For example, input through a microphone or other
audio device can provide input or commands for one or more
applications or functions of the computing device 2100.
Additionally, audio output can be provided instead of, or in
addition to display output. In another example, if display
subsystem 2130 includes a touch screen, the display device
also acts as an input device, which can be at least partially
managed by 1/O controller 2140. There can also be addi-
tional buttons or switches on the computing device 2100 to
provide I/O functions managed by 1/O controller 2140.
[0079] In one embodiment, I/O controller 2140 manages
devices such as accelerometers, cameras, light sensors or
other environmental sensors, or other hardware that can be
included in the computing device 2100. The input can be
part of direct user interaction, as well as providing environ-
mental input to the system to influence its operations (such
as filtering for noise, adjusting displays for brightness detec-
tion, applying a flash for a camera, or other features).
[0080] In one embodiment, computing device 2100
includes power management 2150 that manages battery
power usage, charging of the battery, and features related to
power saving operation. Memory subsystem 2160 includes
memory devices for storing information in computing
device 2100. Memory can include nonvolatile (state does
not change if power to the memory device is interrupted)
and/or volatile (state is indeterminate if power to the
memory device is interrupted) memory devices. Memory
subsystem 2160 can store application data, user data, music,
photos, documents, or other data, as well as system data
(whether long-term or temporary) related to the execution of
the applications and functions of the computing device
2100.

[0081] Elements of embodiments are also provided as a
machine-readable medium (e.g., memory 2160) for storing
the computer-executable instructions (e.g., instructions to
implement any other processes discussed herein). The
machine-readable medium (e.g., memory 2160) may
include, but is not limited to, flash memory, optical disks,
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CD-ROMs, DVD ROMs, RAMs, EPROMs, EEPROMs,
magnetic or optical cards, phase change memory (PCM), or
other types of machine-readable media suitable for storing
electronic or computer-executable instructions. For
example, embodiments of the disclosure may be down-
loaded as a computer program (e.g., BIOS) which may be
transferred from a remote computer (e.g., a server) to a
requesting computer (e.g., a client) by way of data signals
via a communication link (e.g., a modem or network con-
nection).

[0082] Connectivity 2170 includes hardware devices (e.g,,
wireless and/or wired connectors and communication hard-
ware) and software components (e.g., drivers, protocol
stacks) to enable the computing device 2100 to communi-
cate with external devices. The computing device 2100
could be separate devices, such as other computing devices,
wireless access points or base stations, as well as peripherals
such as headsets, printers, or other devices.

[0083] Connectivity 2170 can include multiple different
types of connectivity. To generalize, the computing device
2100 is illustrated with cellular connectivity 2172 and
wireless connectivity 2174. Cellular connectivity 2172
refers generally to cellular network connectivity provided by
wireless carriers, such as provided via GSM (global system
for mobile communications) or variations or derivatives,
CDMA (code division multiple access) or variations or
derivatives, TDM (time division multiplexing) or variations
or derivatives, or other cellular service standards. Wireless
connectivity (or wireless interface) 2174 refers to wireless
connectivity that is not cellular, and can include personal
area networks (such as Bluetooth, Near Field, etc.), local
area networks (such as Wi-Fi), and/or wide area networks
(such as WiMax), or other wireless communication.

[0084] Peripheral connections 2180 include hardware
interfaces and connectors, as well as software components
(e.g., drivers, protocol stacks) to make peripheral connec-
tions. It will be understood that the computing device 2100
could both be a peripheral device (“to” 2182) to other
computing devices, as well as have peripheral devices
(“from” 2184) connected to it. The computing device 2100
commonly has a “docking” connector to connect to other
computing devices for purposes such as managing (e.g.,
downloading and/or uploading, changing, synchronizing)
content on computing device 2100. Additionally, a docking
connector can allow computing device 2100 to connect to
certain peripherals that allow the computing device 2100 to
control content output, for example, to audiovisual or other
systems.

[0085] In addition to a proprietary docking connector or
other proprietary connection hardware, the computing
device 2100 can make peripheral connections 2180 via
common or standards-based connectors. Common types can
include a Universal Serial Bus (USB) connector (which can
include any of a number of different hardware interfaces),
DisplayPort including MiniDisplayPort (MDP), High Defi-
nition Multimedia Interface (HDMI), Firewire, or other
types.

[0086] In some embodiments, the computing device 2100
may be a smart apparel, a smart fabric, a smart dress in
accordance with wearable technology, and/or the like. For
example, various components of the computing device 2100
(e.g., a processor, a memory, and/or the like) may be formed
or embedded within the smart apparel. Furthermore, in some
embodiments, the smart apparel may include at least a



US 2018/0287115 Al

section of a fabric 2101, and a battery 2103 (or a stack of
battery cells) may be formed on the section of the fabric
2101, e.g., as discussed with respect to FIGS. 1A-7.

[0087] Reference in the specification to “an embodiment,”
“one embodiment,” “some embodiments,” or “other
embodiments” means that a particular feature, structure, or
characteristic described in connection with the embodiments
is included in at least some embodiments, but not necessarily
all embodiments. The various appearances of “an embodi-
ment,” “one embodiment,” or “some embodiments™ are not
necessarily all referring to the same embodiments. If the
specification states a component, feature, structure, or char-
acteristic “may,” “might,” or “could” be included, that
particular component, feature, structure, or characteristic is
not required to be included. If the specification or claim
refers to “a” or “an” element, that does not mean there is
only one of the elements. If the specification or claims refer
to “an additional” element, that does not preclude there
being more than one of the additional element.

[0088] Furthermore, the particular features, structures,
functions, or characteristics may be combined in any suit-
able manner in one or more embodiments. For example, a
first embodiment may be combined with a second embodi-
ment anywhere the particular features, structures, functions,
or characteristics associated with the two embodiments are
not mutually exclusive

[0089] While the disclosure has been described in con-
junction with specific embodiments thereof, many alterna-
tives, modifications and variations of such embodiments will
be apparent to those of ordinary skill in the art in light of the
foregoing description. The embodiments of the disclosure
are intended to embrace all such alternatives, modifications,
and variations as to fall within the broad scope of the
appended claims.

[0090] In addition, well known power/ground connections
to integrated circuit (IC) chips and other components may or
may not be shown within the presented figures, for simplic-
ity of illustration and discussion, and so as not to obscure the
disclosure. Further, arrangements may be shown in block
diagram form in order to avoid obscuring the disclosure, and
also in view of the fact that specifics with respect to
implementation of such block diagram arrangements are
highly dependent upon the platform within which the pres-
ent disclosure is to be implemented (i.e., such specifics
should be well within purview of one skilled in the art).
Where specific details (e.g., circuits) are set forth in order to
describe example embodiments of the disclosure, it should
be apparent to one skilled in the art that the disclosure can
be practiced without, or with variation of, these specific
details. The description is thus to be regarded as illustrative
instead of limiting.

[0091] The following example clauses pertain to further
embodiments. Specifics in the example clauses may be used
anywhere in one or more embodiments. All optional features
of the apparatus described herein may also be implemented
with respect to a method or process.

[0092] Clause 1. An apparatus comprising: a fabric; a
layer formed on the fabric; and a battery cell formed on the
fabric, wherein a current collector of the battery cell is at
least in part formed on the layer.

[0093] Clause 2. The apparatus of claim 1, wherein the
layer comprises self-assembled monolayer (SAM) material.
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[0094] Clause 3. The apparatus of any of claim 1 or 2,
wherein the layer has a thickness between about 0.5 nano-
meter (nm) to about 2.5 nm.

[0095] Clause 4. The apparatus of any of claims 1-3,
wherein the layer comprises one of amine group (—NH2),
thiol (—SH), carboxylic acid (—COOH), or Pyridyl.
[0096] Clause 5. The apparatus of any of claims 1-4,
further comprising: a cathode layer of the battery cell
formed on the fabric and stacked on the current collector;
and an anode layer of the battery cell formed on the fabric
and stacked on the cathode layer.

[0097] Clause 6. The apparatus of claim 5, further com-
prising: a separation layer of the battery cell formed on the
fabric and stacked between the anode layer and the cathode
layer.

[0098] Clause 7. The apparatus of any of claims 1-6,
wherein the current collector comprises a metal layer depos-
ited on the layer.

[0099] Clause 8. The apparatus of any of claims 1-7,
wherein: the fabric comprises functional group molecules;
and the layer is formed on the fabric by utilizing the
functional group molecules as active sites and anchor points
for molecules of the layer to chemically adhere to.

[0100] Clause 9. The apparatus of any of claims 1-8,
wherein the battery cell is a first battery cell, wherein the
battery cell is formed on a first surface of a first side of the
fabric, and wherein the apparatus further comprises: a sec-

ond battery cell formed on a second surface of a second side
of the fabric.

[0101] Clause 10. The apparatus of claim 9, wherein
current collector of the first battery cell is a first current
collector, wherein the second battery cell comprises: a
second current collector formed on the SAM material
formed on the second surface of the second side of the
fabric.

[0102] Clause 11. The apparatus of any of claims 1-8,
wherein the battery cell is a first battery cell, wherein the
battery cell is formed on a section of the fabric, and wherein
the apparatus further comprises: a second battery cell
formed on a second section of the fabric.

[0103] Clause 12. The apparatus of claim 11, wherein the
first and second battery cells comprise: the current collector
that is common to both the first battery cell and the second
battery cell.

[0104] Clause 13. The apparatus of claim 11, wherein the
first battery cell and the second battery cell are connected in
one of a parallel configuration or a series configuration.
[0105] Clause 14. The apparatus of any of claims 1-13,
wherein the apparatus comprises a smart wearable apparel to
measure a body parameter and/or to provide actuation.
[0106] Clause 15. A system comprising: a processor; a
memory coupled to the processor; a battery to supply power
to one or both the processor or the memory; and a fabric,
wherein the battery is formed on the fabric.

[0107] Clause 16. The system of claim 15, wherein the
battery comprises: a current collector comprising a metal
layer, wherein the current collector is attached to the fabric
using a layer of self-assembled monolayer (SAM) material.
[0108] Clause 17. The system of any of claims 15-16,
further comprising: an array of batteries formed on the
fabric, wherein the fabric is bendable along boundaries of
individual battery cells of the array of batteries.
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[0109] Clause 18. The system of any of claims 15-17,
further comprising: a wireless interface to wirelessly com-
municate with an external system.

[0110] Clause 19. A method comprising: forming a self-
assembled monolayer (SAM) on a fiber; forming a layer of
catalyst on the SAM; and forming a metal layer on the SAM,
the formation of the metal layer being facilitated by the layer
of catalyst.

[0111] Clause 20. The method of claim 19, wherein the
metal layer is a first metal layer, and wherein the method
further comprises: forming an anode layer and a cathode
layer on the first metal layer, the first metal layer to act as a
current collector for one of the anode layer and the cathode
layer; forming a second metal layer, the second metal layer
to act as a current collector for another of the anode layer and
the cathode layer; forming a separation layer that separates
the anode layer and the cathode layer; and forming a battery
cell, the battery cell comprising the anode layer, the cathode
layer, the first metal layer, and the second metal layer.
[0112] Clause 21. The method of any of claims 19-20,
further comprising: producing a wearable smart apparel
from the fiber, with the battery cell being formed on the fiber.
[0113] Clause 22. An apparatus comprising: a material; a
battery cell formed on the material; and a fabric, wherein the
material, with the battery cell formed thereon, is attached to
the fabric.

[0114] Clause 23. The apparatus of claim 22, wherein: the
material, with the battery cell formed thereon, is laminated
onto the fabric; and the material is one of polyurethane
sheets or thermoplastic polyurethane (TPU).

[0115] Clause 24. The apparatus of any of claims 22-23,
further comprising: self-assembled monolayer (SAM)
formed on the material, wherein the battery cell is formed on
the SAM, and wherein the material is bonded to the fabric
via temperature activated adhesive.

[0116] Clause 25. The apparatus of any of claims 22-24,
wherein the apparatus comprises a smart wearable apparel to
measure a body parameter and/or to provide actuation.
[0117] Clause 26. An apparatus comprising: means for
forming a self-assembled monolayer (SAM) on a fiber;
means for forming a layer of catalyst on the SAM; and
means for forming a metal layer on the SAM, the means for
forming the metal layer being facilitated by the layer of
catalyst.

[0118] Clause 27. The apparatus of claim 26, wherein the
metal layer is a first metal layer, and wherein the apparatus
further comprises: means for forming an anode layer and a
cathode layer on the first metal layer, the first metal layer to
act as a current collector for one of the anode layer and the
cathode layer; means for forming a second metal layer, the
second metal layer to act as a current collector for another
of the anode layer and the cathode layer; means for forming
a separation layer that separates the anode layer and the
cathode layer; and means for forming a battery cell, the
battery cell comprising the anode layer, the cathode layer,
the first metal layer, and the second metal layer.

[0119] Clause 28. The apparatus of any of claims 26-27,
further comprising: means for producing a wearable smart
apparel from the fiber, with the battery cell being formed on
the fiber.

[0120] An abstract is provided that will allow the reader to
ascertain the nature and gist of the technical disclosure. The
abstract is submitted with the understanding that it will not
be used to limit the scope or meaning of the claims. The
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following claims are hereby incorporated into the detailed
description, with each claim standing on its own as a
separate embodiment.

We claim:

1. An apparatus comprising:

a fabric;

a layer formed on the fabric; and

a battery cell formed on the fabric, wherein a current
collector of the battery cell is at least in part formed on
the layer.

2. The apparatus of claim 1, wherein the layer comprises

self-assembled monolayer (SAM) material.

3. The apparatus of claim 1, wherein the layer has a
thickness between about 0.5 nanometer (nm) to about 2.5
nm.

4. The apparatus of claim 1, wherein the layer comprises
one of amine group (—NH2), thiol (—SH), carboxylic acid
(—COQH), or Pyridyl.

5. The apparatus of claim 1, further comprising:

a cathode layer of the battery cell formed on the fabric and

stacked on the current collector; and

an anode layer of the battery cell formed on the fabric and
stacked on the cathode layer.

6. The apparatus of claim 5, further comprising:

a separation layer of the battery cell formed on the fabric
and stacked between the anode layer and the cathode
layer.

7. The apparatus of claim 1, wherein the current collector

comprises a metal layer deposited on the layer.

8. The apparatus of claim 1, wherein:

the fabric comprises functional group molecules; and

the layer is formed on the fabric by utilizing the functional
group molecules as active sites and anchor points for
molecules of the layer to chemically adhere to.

9. The apparatus of claim 1, wherein the battery cell is a
first battery cell, wherein the battery cell is formed on a first
surface of a first side of the fabric, and wherein the apparatus
further comprises:

a second battery cell formed on a second surface of a

second side of the fabric.

10. The apparatus of claim 9, wherein current collector of
the first battery cell is a first current collector, wherein the
second battery cell comprises:

a second current collector formed on the SAM material
formed on the second surface of the second side of the
fabric.

11. The apparatus of claim 1, wherein the battery cell is

a first battery cell, wherein the battery cell is formed on a
section of the fabric, and wherein the apparatus further
comprises:

a second battery cell formed on a second section of the
fabric.

12. The apparatus of claim 11, wherein the first and

second battery cells comprise:

the current collector that is common to both the first
battery cell and the second battery cell.

13. The apparatus of claim 11, wherein the first battery
cell and the second battery cell are connected in one of a
parallel configuration or a series configuration.

14. The apparatus of claim 1, wherein the apparatus
comprises a smart wearable apparel to measure a body
parameter and/or to provide actuation.
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15. A system comprising:

a processor;

a memory coupled to the processor;

a battery to supply power to one or both the processor or
the memory; and

a fabric, wherein the battery is formed on the fabric.

16. The system of claim 15, wherein the battery com-

prises:

a current collector comprising a metal layer, wherein the
current collector is attached to the fabric using a layer
of self-assembled monolayer (SAM) material.

17. The system of claim 15, further comprising:

an array of batteries formed on the fabric,

wherein the fabric is bendable along boundaries of indi-
vidual battery cells of the array of batteries.

18. A method comprising:

forming a self-assembled monolayer (SAM) on a fiber;

forming a layer of catalyst on the SAM; and

forming a metal layer on the SAM, the formation of the
metal layer being facilitated by the layer of catalyst.

19. The method of claim 18, wherein the metal layer is a

first metal layer, and wherein the method further comprises:

forming an anode layer and a cathode layer on the first
metal layer, the first metal layer to act as a current
collector for one of the anode layer and the cathode
layer;
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forming a second metal layer, the second metal layer to
act as a current collector for another of the anode layer
and the cathode layer;

forming a separation layer that separates the anode layer
and the cathode layer; and

forming a battery cell, the battery cell comprising the
anode layer, the cathode layer, the first metal layer, and
the second metal layer.

20. The method of claim 18, further comprising;

producing a wearable smart apparel from the fiber, with
the battery cell being formed on the fiber.

21. An apparatus comprising:

a material;

a battery cell formed on the material; and

a fabric,

wherein the material, with the battery cell formed thereon,
is attached to the fabric.

22. The apparatus of claim 21, wherein:

the material, with the battery cell formed thereon, is
laminated onto the fabric; and

the material is one of polyurethane sheets or thermoplastic
polyurethane (TPU).

23. The apparatus of claim 21, further comprising:

self-assembled monolayer (SAM) formed on the material,

wherein the battery cell is formed on the SAM, and

wherein the material is bonded to the fabric via tempera-
ture activated adhesive.
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