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ments are described. The systems include, among other things, an enclosed region
formed by the bonding of a fuel cell layer with a fluid manifold. The enclosed re-
gion transforms into a fluid plenum when, for example, a fluid exiting a manifold
outlet pressurizes the enclosed region causing one or more portions of the fuel cell
layer and/or the fluid manifold to deform away from each other.
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FUEL CELL SYSTEMS INCLUDING SPACE-SAVING FLUID PLENUM AND
RELATED METHODS

PRIORITY OF INVENTION
[0001] This non-provisional application claims the benetit of priority to U.S.
Provisional Patent Applications Serial Nos. 60/975,129 and 60/975,132, filed September

25, 2007, which are herein incorporated by reference.

' BACKGROUND
[0002] Portable electronic devices are trending to become smaller in size while
increasing the demand for performance. As electronic components are designed smaller in
size and incorporate sophisticated and complex technology, the demands on the associated
power supply become greatelj. For instance, the power supply may need to occupy less
volume or a smaller footprint to accommodate the addition of technology to the
component or the decrease in overall component size. Further, the additional technology
may require that the power supply last for longer periods of time or that power be
delivered at uniform rates for steady electronic component performance.
[0003] One example of a power supply 1s a fuel cell system. A fuel cell system
may include one or multiple fuel cell layers, each layer comprising anodes, cathodes, and
an electrolyte membrane interposed between the anodes and cathodes. A fuel cell system
which includes such a layer typically includes a means for supplying air to the cathode or
cathodes and a means for supply of fuel or other reactant fluid to the anode or anodes at an
acceptable pressure level.
[0004] In order to make a smaller fuel cell system, many technical requirements
(e.g. sealing requirements) must still be met while attempting to accommodate the reduced
space requirements. For instance, fluid supply components need to continue to supply fuel
from a tluid supply to the anode or anodes of the fuel cell. This supply of fuel should be
pertormed at an acceptable pressure level and delivery rate, without occupying an overall
signiticant volume of the fuel cell system, and without compromising the performance of

the fuel cell system.
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SUMMARY
[0005] Embodiments of the present invention relate to a fuel cell system. The
system includes a fluid manifold having a first and a second side, at least one manitold
outlet in the first side, and a manifold inlet fluidly coupled to the manifold outlet via a
fluid directing recess located within the fluid manifold, a fuel cell layer including at
least one fuel cell wherein at least a portion of the fuel cell layer 1s bonded to the first side
of the fluid manifold such that the fuel cell layer is substantially adjacent to the first side
of fluid manifold and an enclosed region formed by the bonded fuel cell layer and the fluid
manifold. The one or more portions of the fuel cell layer or fluid manifold are adapted to
deform away from each other upon pressurization of the enclosed region by tluid
introduced through the manifold outlet.
[0006] Embodiments also relate to a method of operating a fuel cell system
including introducing a fluid into an enclosed region of a fuel cell system via a fluid
manifold sufficient to increase the pressure within the enclosed region and
imparting a stress to one or more portions of the fuel cell layer or the fluid manifold
sufficient to transform the enclosed region into a fluid plenum.
[0007] Embodiments relate to a flexible fuel cell layer. The layer includes two or
more fuel cells substantially integrated within a two-dimensional layer, a substrate coupled
to the layer forming an enclosed region between the substrate and layer. The layer can be
positioned in a planar or non-planar configuration and the layer i1s configured such that it 1s

operable when self-supported.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings, like numerals describe similar components throughout the

several views. Like numerals having different letter suffixes represent different instances
of similar components. The drawings illustrate generally, by way of example, but not by

way of limitation, various embodiments discussed in the present document.

FIG. 1 1llustrates an exploded view of a fuel cell system, the fuel cell
system including an enclosed region deformable into a fluid plenum

when pressurized, according to some embodiments.
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FIG. 2 illustrates a cross-sectional view of portions of a fuel cell system,
including a fluid manifold, a bond member, and at least one fuel
cell, according to some embodiments.

FIGS. 3A-3E illustrate simplified cross-sectional views of various other
embodiments in which either the fuel cell layer or the fluid manifold
or both deform to create a fluid plenum when the enclosed region 1s
pressurized, according to some embodiments.

FIG. 4A illustrates an isometric view of a portable electronic device powered
by a fuel cell system, according to some embodiments.

FIG. 4B illustrates a cross-sectional view of a portable electronic device
powered by a fuel cell system, such as along line 3B-3B of FIG. 4A,
according to some embodiments.

FIG. § illustrates a cross-sectional view of an array of tluid pressure
regulator devices, according to some embodiments..

FIG. 6 illustrates a block flow diagram of a method of using a fuel cell

system, according to some embodiments.

DETAILED DESCRIPTION
[0009] The Detailed Description includes references to the accompanying
drawings, which form a part of the Detailed Descripﬁon. The drawings show, by way of
1llustration, specific embodiments in which the invention can be practiced. These
embodiments are also referred to herein as “examples.” All publications, patents, and
patent documents referred to in this document are incorporated by reference herein in their

entirety, as though individually incorporated by reference. In the event of inconsistent

usages between this document and those documents so incorporated by reference, the
usage 1n the incorporated reference(s) should be considered supplementary to that of this
document; for irreconcilable inconsistencies, the usage in this document controls.

[0010] In this document, the terms “a” or “an” are used, as is common in patent
documents, to include one or more than one, independent of any other instances or usages
of “at least one” or “one or more.” Ih this document, the term “or’ is used to refer to a
nonexclusive or, such that “A or B” includes “A but not B,” “B but not A,” and “A and

B,” unless otherwise indicated.
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[0011] In the appended claims, the terms “including” and “in which” are used as
the plain-English equivalents of the respective terms “comprising” and “wherein.” Also,
in the following claims, the terms “including” and “comprising” are open-ended, that 1s, a
system, device, article, or process that includes elements in addition to those listed after
such a term in a claim are still deemed to fall within the scope of that claim. Moreover, 1n
the following claims, the terms “first,” “second,” and “third,” etc. are used merely as
labels, and are not intended to impose numerical requirements on their objects.

[0012] Portable electronic devices, such as mobile phones, laptop computers,
computer accessories, displays, personal audio or video players, medical devices,
televisions, transmitters, receivers, lighting devices including outdoor lighting or
flashlights, electronic toys, power tools or any device conventionally used with batteries,
are trending to become smaller in size while increasing the demand for performance.
Thus, fuel cell systems may need to occupy only a small volume of the overall electrical
device volume, while still providing adequate distribution control of fuel or other reactant
fluid to the fuel cell. Even so, current fuel cell systems are either too large to be used 1n
the electrical devices or fail to provide the necessary fluid distribution control to allow the
devices to function properly. As an example, current portable fuel cell-powered electronic
devices are typically designed around the space required by the fuel cells and associated
fuel storage, rather than the fuel cell system being designed to fit within the electronic
device. Such order of design often results in undesirably bulky devices.

[0013] The present inventors have recognized that, among other things, a fluid
supply system with reduced volumetric requirements, but which is able to supply fuel or
other reactant fluid to the anode or anodes of a fuel cell at an acceptable pressure level and
in a uniform manner is needed. The present inventors have further recognized that a
deformable enclosed region located between fluid control elements and the fuel cell allows
fuel to be supplied to the anode or anodes at an acceptable pressure level and delivery rate,
while allowing for a more compact fuel cell system.

[0014] In one example, a fuel cell system includes a fluid manifold having first
and second sides, at least one manifold outlet in the first side, and a manifold inlet fluidly
coupled to the manifold outlet via a fluid directing recess located within the fluid
manifold, a fuel cell layer including at least one fuel cell wherein a portion of the fuel cell
layer 1s bonded to the first side of the fluid manitold (such as peripherally bonded), and an
enclosed region formed by the bonded fuel cell layer and the fluid manifold.

4
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[0015] Initially (e.g. immediately after manufacture), the enclosed region may be
essentially volumeless with the fuel cell layer adjacent to the first major side of a
substrate, such as a fluid manifold. However, the fuel cell layer, the fluid manifold, or
both may be flexible in whole or in part and thus may be deformed under application of
modest pressure, or may include inherent material properties, such as elasticity, which
enable the components to adapt in response to an imparted stress. Thus, one or more
portions of the fuel cell layer or the fluid manifold may deform away from each other
when the enclosed region is pressurized by fluid (e.g. fuel) from the manifold outlet. This
transforms the enclosed region from being substantially volumeless into a region with
sufficient volume to serve as a fluid distribution plenum for the fuel cell layer.
Alternately, a stress imparted by the introduction of a pressurized fluid may result in the
adaptation or modification of the fuel cell layer, a portion thereof, or the fluid manifold
sufficient to transform the enclosed region, either chemically or physically, into a fluid
plenum, such as a fuel plenum. If the fluid pressure is reduced again (e.g. after prolonged
shutdown), the plenum may collapse in whole or in part depending on how elastic the
components are. However, upon reapplication of fluid pressure, the enclosed region once
again may inflate or otherwise transform sufficiently to serve as a fluid plenum.

[0016] The described fuel cell systems and methods therefore have reduced
volumetric requirements. Further, while the fuel cell system may additionally employ
external supports or fixtures to support the fluid plenum formed between the fuel cell layer
and fluid manifold, external supports or fixtures are not necessary. The flexible fuel cell
layer and/or flexible fluid manifold are thus “self-supported” components, that is no
external supports or fixturing are required for their function. Such “self-supported”
flexible fuel cell layers are useful not only 1n the fabrication of systems in which there 1s
initially no fluid plenum but they can be useful 1n other systems as well.

[0017] In an example, a distance between the fluid manifold outlet side and the
fuel cell layer at a non-pressurized enclosed region state is approximately equal to a cross-
sectional thickness of a bond member. In another example, the fluid manifold and the fuel
cell layer have a combined cross-sectional thickness of about 5 mm or less, about 1 mm or
less, or about 0.6 mm or less at a non-pressurized enclosed region state.

[0018] Among other things, the present systems and methods provide for fuel cell
systems occupying less Volume or a smaller footprint of an electronic component or device

into which they are installed, while still meeting the power demands of the component or
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device. The present fuel cell systems and methods include a space-saving fluid plenum
transformable from a substantially volumeless enclosed region and in this way, allows for
the creation of smaller, more compact fuel cell systems configurable to fit within an
existing electronic device. The enclosed region may be located between a substrate (i.e.,
fluid manifold) and at least one fuel cell layer. In an example, the enclosed region may be
formed by a peripheral-type of coupling between an outlet side of the fluid manitfold and
the fuel cell layer via suitable bonding means (e.g. a bond member). In varying examples,
the enclosed region transforms into a fluid plenum when a fluid exiting the fluid mantfold
pressurizes the enclosed region causing one or more portions of the fuel cell layer and/or
the fluid manifold to deform away from each other. In an example, a distance between the
outlet side of the fluid manifold and the fuel cell layer at a non-pressurized enclosed
region state is approximately equal to a cross-sectional thickness of a bond member. In
zinother example, the cross-sectional thickness of the bond member 1s about 0.05 mm or
less. In another example, the cross-sectional thickness of the bond member 1s about 1 mm
or less, or about 0.2 mm or less. As will be discussed below, the space-saving fluid
plenum can be used in conjunction with other fuel cell components, such as a fluid
reservoir, a fluid pressure regulator device(s), a fluid manifold, a bond member, a fuel cell,

and an optional external support structure, to create a compact fuel cell system.

Definitions

[0019] As used herein, “flexible electrochemical layer” (or variant thereot) reters
to include an electrochemical layer that is flexible in whole or in part, so-as-to embrace,
for example, an electrochemical layer having one or more rigid components integrated

with one or more flexible components. A "tlexible fuel cell layer” refers to a layer

comprising one or more fuel cells integrated into the layer.

[0020] As used herein, “flexible two-dimensional (2-D) fuel cell array” refers to a
flexible sheet which is thin in one dimension and which supports a number of fuel cells. A
flexible two-dimensional fuel cell array may be an example of a flexible fuel cell layer.
The fuel cells have active areas of one type (e.g. cathodes) that are accessible from one
face of the sheet and active areas of another type (e.g. anodes) that are accessible from an

opposed face of the sheet. The active areas may be disposed to lie within areas on their

respective faces of the sheet (e.g. it 1s not mandatory that the entire sheet be covered with
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active areas, however, the performance of a fuel cell may be increased by increasing its
active area.

[0021] As used herein, “self-supported” refers to an electrochemical cell layer if,
when coupled to a substrate, no external fixturing 1s required to create and/or maintain the
integrity of a fuel plenum when 1n use.

[0022] As used herein, “adjacent” or “adjacently’”, when used 1n the context of the
fuel cell layer being adjacent to the fluid manifold, refers to a fuel cell layer 1s close
enough proximity to the fluid manifold such that the enclosed region is too small to
effectively function as a fluid distribution plenum.

[0023] As used herein, “bonding member” refers to an implicit or explicit
component that facilitates the coupling of two objects. In an example, an implicit bonding
member may include an adhesive or weld. An explicit bonding member may include a
mechanical fastener, for example.

[0024] As used herein, “operable” refers to an electrochemical cell layer or
individual electrochemical cell capable of producing an electrical current or voltage. For
example, a fuel cell layer may be in an operable position and capable of producing
electricity without further manipulation in position or configuration.

[0025] As used herein, “substrate” refers to a component coupled to an
electrochemical cell layer, sufficient to create an enclosed space. A substrate may include,
among other things, a fluid manifold, a fuel cell system structural member, fluidic control
components, fluid reservoir, a portion of an electronic device or a combination thereof.
Fluidic control components may include pressure regulator devices, such as an array of
regulators, for example.

[0026] As used herein, “deform” or “deformation” refers to in general, the
behaviour of a material, component, structure, or composite layer in response to an
imparted stress. A deformation may be an intended result, or it may be an unintended side
effect. A deformation may be of a large enough magnitude to be clearly visible to the
naked eye (e.g on the order of millimeters), or may be small enough that it can only be
detected with the aide of a microscope (e.g. on the order of micrometers or nanometers). A
deformation may comprise the ‘flexing’ or ‘bending’ of a component, or may alternately

comprise compression or other such change in shape of a component.
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[0027] Referring now to the drawings, particularly to FIG. 1, which 1illustrates an
exploded view of a fuel cell system 100 comprising, but not limited to, a fluid reservour
102, an optional fluid pressure regulator assembly 104 including multiple tluid pressure
regulator devices 126, a manifold sealing layer 106, a manifold conduit layer 108, a bond
member 110, a fuel cell layer 112, and an external support structure 114. The fluid
reservoir 102 provides fuel or other reactant fluid for the fuel cell system 100 and can be
charged or refueled via a charge port 116. In an example, the fluid reservoir 102 can
comprise a cellular fuel tank, such as is discussed in commonly-owned Zimmermann, U.S.
Patent Application Serial No. 11/621,501, entitled “CELLULAR RESERVOIR AND
METHODS RELATED THERETO,” or other fluid enclosure as 1s discussed 1n
commonly-owned Zimmermann, U.S. Patent Application Serial No. 11/473,591, entitled
“FLUID ENCLOSURE AND METHODS RELATED THERETO.”

[0028] A fluid manifold, which may optionally include one or more of the fluid
pressure regulator assembly 104, the manifold sealing layer 106, and the manifold conduit
layer 108 provides for the distribution, regulation, and transfer of fuel from the fluid
reservoir 102 to the fuel cell layer 112. In this example, the fluid pressure regulator
assembly 104 controls the fuel pressure coming out of the fluid reservoir 102 by reducing
a primary (higher) fluid pressure present therein to a more constant secondary (lower)
fluid pressure for delivery to the fuel cell layer 112. A fluid manifold, including the
manifold sealing layer 106, the manifold conduit layer 108, and the fluid pressure
regulator assembly 104, is fluidly coupled to the fuel cell layer 112 via a material directing
recess 120. The material directing recess 120 of the fluid manifold directs the flow of fuel
from the fluid pressure regulator assembly 104 to a region adjacent to the fuel cell layer
112, and can be formed by creating one or more channels in the manifold conduit layer
108, for example. In an example, the fluid manifold includes a layered structure that
allows for the manifold to be of a size that does not take up unnecessary volume, nor an
unnecessarily large footprint, yet allows for the pressure, volume, or temperature
requirements for fuel cell systems 100 to be met, as is discussed in commonly-owned
Schrooten et al., U.S. Patent Application Serial No. 12/053,366, entitled “FLUID
MANIFOLD AND METHODS THEREFOR.”

[0029] The fuel cell layer 112 includes fuel cell layers (i.e., comprising at least one
anode and cathode) with an electrolyte interposed therebetween. In an example, the fuel

cell layer 112 utilized in the system 100 can be planar, as is discussed in commonly-
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owned McLean et al., U.S. Patent Application Serial No. 11/047,560, entitled
“ELECTROCHEMICAL CELLS HAVING CURRENT-CARRYING STRUCTURES

UNDERLYING ELECTROCHEMICAL REACTION LAYERS.” In such an example, an
electric current-carrying structure that collects power generated by the fuel cell layer 112
underlies, at least in part, one of the fuel cell layers.

[0030] In the present invention, either the fuel cell layer or the fluid manifold is
flexible such that it can be deformed under pressure. In such an example, one or more fuel
cells are substantially integrated within a flexible electrochemical layer. The flexible
electrochemical layer may optionally include one or more rigid components, and thus,
may not be flexible in its entirety. In operation of the fuel cell system 100, the anode of
each cell receives the fuel from the fluid reservoir 102 and the cathode of each cell
receives air containing oxygen as an oxidizing agent via one or more air access ports 118
in the external support structure 114, for example.

[0031] FIG. 2 illustrates a cross-sectional view of portions of the fuel cell system
100, including fluid manifold 202, bond member 110, and fuel cell layer 112. The fuel
cell layer 112 is coupled with portions of fluid manifold 202 via bond member 110, and in
this way, creates one or more enclosed regions 208 therebetween. Bond member 110 can
include any physical or chemical means, such as an adhesive member, a weld member, a
solder member, a braze member, or mechanical fasteners or protrusions. For instance,
bond member 110 can be a structural thermoset epoxy adhesive that may be cured under
appropriate conditions of heat, pressure, or combinations thereof to create the bond
between fluid manifold 202 and fuel cell layer 112. Heating and pressing may be done
simultaneously or sequentially. In an example, enclosed region 208 has a thickness that is

approximately equal to a cross-sectional thickness of bond member 110, such as about

0.05 mm or less. In another example, fluid manifold 202 and fuel cell layer 112 have a
combined cross-sectional thickness of about Smm or less, 1mm or less, or 0.6 mm or less.
[0032] As shown, fluid manifold 202 may include a material directing recess 120
extending therethrough. Each material directing recess 120 receives, at an input 204, fuel
flow 220 from fluid reservoir 102 (FIG. 1) and provides, at an output 206, fuel flow 220 to
the enclosed region 208. In an example, the fuel flow includes at least one of hydrogen,
methanol, formic acid, butane, borohydride compounds (including sodium and potassium
borohydride), or liquid organic hydrogen carriers. The continuing receipt of fuel flow 220

to the enclosed region 208 causes portions of fuel cell layer 112 to deform from a position
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adjacent the fluid manifold 202, thereby forming fluid plenum 210. Fluid plenum 210 is
sufficient in size to serve as a fuel distribution plenum for the fuels cells incorporated n
fuel cell layer 112. In operation, fluid reservoir 102 (FIG. 1) is filled with fuel by
pressurizing the charge port 116 (FIG. 1). Fluid pressure regulator assembly 104,
including an array of fluid pressure regulator devices 126 (FIG. 1), can be used to reduce
or maintain a pressure in fluid plenum 210 to a level sufficient for the operation and
movement of the fuel cells in fuel cell layer 112, such as to the position shown in
phantom. In an example, a distance between fluid manifold 202 and the fuel cell layer 112
is about 5 mm or less at the pressurized plenum state. In some embodiments, a distance
between fluid manifold 202 and the fuel cell layer 112 may be substantially the same 1n
the pressurized plenum state as in the unpressurized plenum state, where deformation of
the fuel cell layer may be very small. In some embodiments, such as when the system
includes internal supports, portions of the fuel cell layer may deform sufficient to
transform the enclosed space into a fluid plenum while some portions may remain

stationary.

[0033] FIGS. 3A-3E illustrate cross-sectional views of various other embodiments
of the invention in which either the fuel cell layer or the fluid manifold or both deform to
create a fluid plenum when the enclosed region is pressurized. In FIG. 3A, fluid manitfold
4 is a flexible component and fuel cell layer 2 1s relatively rigid. When fluid i1s admitted to
the enclosed region in between, fluid plenum 10 is created. (Compare this embodiment to
that in FIG. 2 in which fuel cell layer 112 1s flexible and fluid manitold 202 1s relatively
rigid.) FIG. 3B shows yet another alternative in which the system comprises two flexible
components. In FIG. 3B, there are two flexible fuel cell layers 2a, 2b bonded to fluid
manifold 4. Upon pressurizing the enclosed regions therebetween, two fluid plenums 10a,
10b are formed.

[0034] FIGS. 3C-3E show yet further alternatives comprising internal supports
such as bond members, spacers, collapsible columns, or the like, that are intended to at
least restrict the outward expansion of the flexible layers in the assembly. The reason for
this 1s that during any movement, the flexible layers may change position or move
outwardly and the risk of rupture increases. This approach may prevent such ruptures.
Referring to FIG. 3C, a cross sectional view of an embodiment comprising flexible fuel
cell layer 2, relatively rigid fluid mamitold 4, and internal supports 1s shown. One or more

internal supports or bonds 5a-5¢ may be part of a gas management system, whose function

10
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may be, 1n part, to structurally support flexible fuel cell layer 2 during any movement
thereof. (One example of movement may be a result of the pressurization and de-
pressurization of a plenum in spaces 10a-10d.) As shown in FIG. 3C, fuel cell layer 2 is
bonded at support sites Sa-5c to fluid manifold 4. In particular, the support sites at 5a-5c
can be configured to align with one or more current collectors of the fuel cell layer and
may employ a conductive epoxy adhesive in order to bond fluid manifold 4 to fuel cell
layer 2. The conductive epoxy adhesive may be cured under appropriate conditions of
heat, pressure, or combinations thereof. Heating and pressing may be done simultaneously
or sequentially. The conductive epoxy may serve as part of the current collection system in
the fuel cell and may be integral with fluid manifold 4, or may be in electrical contact with
an electrically conductive portion of fluid manifold 4. As a result, a series of plenums 10-
10d are formed by portions 2a-2d of fuel cell layer 2 as they inflated with pressurizing
fluid. In some embodiments, portions of the fuel cell layer may be directly bonded or
attached to the fluid manifold, for example by way of an adhesive member. In
embodiments such as that shown in FIG. 3C, any deformation of the fuel cell layer may be
extremely small, or almost imperceptible. For example, if the distance between subsequent
bond members is sufficiently small, the unsupported area of the flexible fuel cell layer
may also be small, and therefore the layer may not noticeably deform when the system is
pressurized with a fluid.

[0035] F1G. 3D shows an embodiment equivalent to that shown in FIG. 3C except
that here, tfluid manifold 4 is a flexible component and fuel cell layer 2 is relatively rigid.
Again, bonds Sa-5c¢ are made between fuel cell layer 2 and fluid manifold 4 thereby
creating a series of enclosed regions. As before, these regions are transformed, via
deformation of portions 4a-4d of fluid manifold 4, to become a series of fluid plenums
10a-10d when fluid pressure is admitted to the enclosed regions.

[0036] FIG. 3E shows yet another alternative with internal supports (bonds) in
which the system comprises two flexible components. In FIG. 3E, there are two flexible
tuel cell layers 2a, 2b bonded to fluid manifold 4 at the periphery and at several internal
locations Sa-5c. Again, this forms a series of enclosed regions which, when pressurized
with fluid, are transformed into numerous fluid plenums.

(Note: in FIG. 3E, certain identifying indicia present in the preceding Figures have been

omitted for purposes of avoiding clutter.)
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[0037] The tlexibility of the system allows for fuel cell placement and utilization
in spaces and sizes not previously practical. The fuel cell system may conform with or
within the structure of the device to which it provides power. The fuel cell layer or fuel
cells may be manufactured in a planar configuration, but then be bent, twisted or otherwise
conformed to a non-planar configuration for positioning and/or use. The layer or layers
may move during operation or remain unchanged in position during operation. The '
tlexible fuel cell layer may be manufactured 1n a planar form, but then positioned in a non-
planar configuration.

[0038] Fuel cells according to the invention may be incorporated into the structure
of any device which 1s powered, either in part or completely, by a fuel cell system. The
invention consequently reduces the intrusion of the fuel cells within the envelope of the
device being powered. This permits portable electrically-powered devices to be made
more compact and/or permits the volume within the housing of a portable electronic
device that would otherwise be occupied by batteries or another electrical power source to
be used for other purposes.

[0039] A tlexible fuel cell may include flexible layers, such as first and second
flexible layers. The flexible layers may be contacted by one or more bond members and
there may be a space in between. The fuel cell layer may be coupled to a substrate,
creating an enclosed space. The fuel cell layer may be positioned in a planar or non-planar
configuration and be operable in such a self-supported position.

[0040] The tlexible layers include one or more fuel cells which may be thin-layer
tuel cells or planar fuel cells in a two-dimensional array, for example. The fuel cells may
be substantially integrated into the layer, such that the fuel cells are nearly or fully within
the dimenstons of the layer, for example. The flexible fuel cell layer may also include
additional fuel cell components, such as current collection components. The current
collection components may be in contact with two or more fuel cells present in the layer or
layers. The current collection components may be substantially integrated within the
layer, for example. In addition, fluidic control components may be integrated into the
layer as well, such as pressure regulator devices. One or more fluid pressure regulator
devices may be integrated and include an array of co-planar fluid pressure regulator
devices, each fluidic pressure regulator device acting independently from the others.
[0041] The one or more fuel cells may form an array made up of individual fuel

cells that are arranged two-dimensionally in any of various suitable 'ways on an area
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covered by the array. For example, cathode regions of individual fuel cells may be

arranged to provide one or more of: one or two or more columns of substantially parallel
stripes; shapes distributed at nodes of a two-dimensional lattice configuration (which
could be a rectangular, square, triangular or hexagonal lattice, for example and which is
not necessarily completely regular); a pattern of shapes distributed in both a width and a
length dimension of the area covered by the array (such a pattern may be less regular than
a lattice-type pattern), for example.

[0042] Thin layer fuel cells may be arranged into bipolar or unipolar arrays
constructed of very thin layers. Within such an array, individual unit fuel cells may be
connected In a series or series-parallel arrangement. Connecting fuel cells in such an
arrangement permits electrical power to be delivered from an array of fuel cells at
increased voltages and reduced currents. This, in turn, permits electrical conductors having
smaller cross-sectional areas to be used to collect the electrical current.

[0043] For example, in some embodiments, individual unit fuel cells each produce
electrical current at a voltage of less than 1 volt (typically about 0.6 volts) and enough
individual fuel cells are connected in series within the array of fuel cells to produce an
output voltage in excess of 6, 12, 48 or more volts. Providing output at higher voltages can
be important because the electrical power produced by an array of fuel cells scales
approximately with the area of the array. Therefore, for output at a fixed voltage, the
current being supplied when the array of fuel cells is delivering its rated output power
increases rapidly with the dimensions of the fuel cell array. Large and heavy conductors
would be required to carry significant amounts of electrical power at the low output
voltages provided by conventional unit fuel cells.

[0044] A further feature of some thin layer fuel cells is that the thin layer fuel cells
can include current collecting conductors that are embedded within the fuel cell layers
themselves. This reduces or avoids the need to provide current collecting conductors
external to the thin layer fuel cells.

[0045] Conventional fuel cell stacks may require internal plumbing to carry air and
oxidant to each unit fuel cell, but the thin layer fuel cells may provide arrays of unit fuel
cells that do not require any special plumbing to allow air to contact the cathodes of the
tuel cells. The unit fuel cells are arranged so that oxygen from ambient air present on one
side of the array of fuel cells can readily contact cathodes of the unit cells. Thin layer fuel

cells may comprise arrays of individual unit fuel cells that are organized in geometrical
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arrangements over a 2D surface. On one side of the surface, cathodes of the unit fuel cells
are exposed at different locations on the surface for contact with an oxidant, such as air.
[0046] These thin layers provide design flexibility by allowing integration of the
fuel cells with the structure of the device they are to power. The invention reduces interior
space requirements of the fuel cells, maximizing the volume available for fuel storage or
other system components.

[0047] In some embodiments of the invention, fuel cells are provided in arrays
which are less than about 5 mm thick (possibly not including a fuel plenum, if present).
The tuel cells can be in the range of about 0.1 mm to about 2 mm thick, for example.
Some fuel cell constructions can provide fuel cell layers that are even thinner than this.
The layers can be free standing or supported. The layers can provide useful current and
voltage levels, resulting in a power output that can be exploited by portable devices.
[0048] Examples of flexible fuel cell layers that may adapted for use in the present
mvention may be found in commonly-owned McLean, et. al., U.S. Patent Application
Serial No. 11/327,516, entitled “FLEXIBLE FUEL CELL STRUCTURES HAVING
EXTERNAL SUPPORT?”, the disclosure of which is herein incorporated in its entirety.
[0049] FIG. 4A 1llustrates one example of a fuel cell-powered electronic device,
and more specifically, a mobile phone 300 including the fuel cell system 100. As
discussed above, the present fuel cell system 100 includes a space-saving fluid plenum
210 (FIG. 2) transformable from a substantially volumeless enclosed region 208 (FIG. 2).
In this way, the fuel cell system 100 can be made in compact configurations to fit within
an existing electronic device, such as the mobile phone 300. While a mobile phone 300 is
shown in FIG. 4A, the present fuel cell system 100 can be configured in a small, compact
volume for use with other portable electronics devices, such as laptop computers,
computer accessories, displays, personal audio or video players, medical devices,
televisions, transmitters, receivers, lighting devices including outdoor lighting or
flashlights, electronic toys, power tools or any device conventionally used with batteries.
[0050] F1G. 4B 1llustrates a cross-sectional view of the mobile phone 300, such as
along line 3B-3B of FIG. 4A. Due to the very limited amount of space inside the mobile
phone 300, any internally positioned power source must be small and compact in size and
shape. Beneficially, the present fuel cell system 100 including the substantially
volumeless enclosed region 208 (FIG. 2) transformable into the fluid plenum 210 (FIG. 2)

can meet such size and shape requirements. In an example, a battery cover 302 of the
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mobile phone 300 includes a pocket 304 about 0.6 mm deep to accommodate portions of
the compact fuel cell system 100, such as the fluid manifold 202 (FIG. 2) and the fuel cell
iayer 112 (FIG. 2), which are coupled by the bond member 110 (FIG. 2). In another
example, the battery cover 302 provides an external support structure to limit the outward
deformation of the fuel cell layer 112 away from the fluid manifold 202 during powering
operations of the mobile phone 300. In this example, the battery cover 302 includes
multiple air access ports 118 to allow the cathodes of the fuel cell layer 112 to receive air
for use as an oxidizing agent.

[0051] The present fuel cell system can be used to adequately power other
electronic devices in addition to the mobile phone 300 (FIGS. 4A-4B), such as a laptop
computer. The fuel cell system is positioned within an outer casing of the laptop display
portion. The outer casing can include one or more air access ports to allow the fuel cell
system with access to ambient air.

[0052] As discussed above, the fuel cell system 100 can include one or more fluid
pressure regulator devices 126 to control the flow of fuel pressure coming out of the fluid
reservoir 102 (FIG. 1) by reducing a primary (higher) fluid pressure present in the fluid
reservoir 102 to a more constant secondary (lower) fluid pressure for delivery to the fuel
cell layer 112 (FIG. 1).

[0053] A single fluid pressure regulator device 126 may be used or alternatively, it
1s contemplated that a fluid pressure regulator assembly 104 including multiple regulators .
126 can be used with the present fuel cell system 100 (FIG. 1). The present inventors have
recognized that it may be beneficial in some examples for the fuel distribution flow to the
enclosed region, and ultimately consumed by the anodes of the fuel cell layer 112, be
uniform. Thus, instead of relying on a single point of fluid pressure regulation control
from the fluid reservoir 102 and single inlet to the fluid manifold 202, the fluid pressure
regulator assembly 104 can be used to provide active, local, and uniform control of fuel
pressure and flow applied into and through (via material directing recesses 120) the fluid
manifold 202. In an example, the multiple fluid regulator devices 126 can be formed on
the same layers, resulting in co-planar fluid regulator devices. Further, multiple inlets
and/or outlets may be employed to direct fluid to and from fluid manifold 202. And,

further still, the inlets may be located on the major or the minor sides of fluid manifold
202.
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[0054] FIG. S illustrates a cross-section view of the array of fluid pressure
regulator devices 126 of the fluid pressure regulator assembly 104, as constructed in
accordance with an example. As shown in FIG. 5, the array of fluid pressure regulator
devices 126 can be spatially distributed so that each regulator distributes fuel or other
reactant fluid into a different portion of the enclosed region 208. In an example, the
enclosed region 208 is partitioned into a number of discrete regions 7024, 702B, 702C,
etc. as shown, with each region served by one or more fluid pressure regulator devices
126. In another example, each fluid pressure regulator device 126 acts independently from
the others to maintain proper fuel pressure in the respective region of the enclosed region
208 for steady delivery of fuel to the anodes of the at least one fuel cell 112 (FIG. 1).
[0055] The fluid manifold 202 includes at least one conduit layer that, in an option,
1s relatively thin, for example, when compared with the length and width. In an example,
the thickness of conduit layer 108 is generally less than about 1 mm. In another example,
the thickness of conduit layer 108 is about 50 um — 1 mm. In another example, the width
and length of conduit layer 108 is about 1 mm and 100 mm, respectively. The width, '
length, or thickness can be altered for geometry of the fuel cell system 100 (FIG. 1) In
which the manifold is installed.

[0056] Conduit layer 108 further includes at least one material directing recess 120
therein. Material directing recess 120, in an option, extends through the conduit layer 108,
from one side to the other side. The conduit layer 108 is optionally formed of metals,
plastics, elastomers, or composites. Material directing recess 120 can be etched, stamped,
or otherwise created within or through the conduit layer 108. In another option, material
directing recess 120 can be drilled within or through the conduit layer 108, formed with a
laser, molded in the layer, formed via die cutting or otherwise machined in the layer. In an
example, material directing recess 120 has a width of about 5 to 50 times the depth of the
recess. In another example, recess 120 has a width about I mm — 2 mm. In yet another
example, material directing recess 120 has a width of about 50 — 100 um.

[0057] The fluid manifold 202 further optionally includes at least one sealing layer
106 and can include first and second sealing layers on opposite sides of the conduit layer
108. This allows for material directing recess 120 to be enclosed and form a conduit
thorough which material can travel. The sealing layers can be coupled with the conduit
layer 120, for example, but not limited to, using adhesives, bonding techniques, laser

welding, or various other conventional methods.
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[0058] FIG. 6 illustrates a block flow diagram 600 of a method of using a fuel cell
system including a space-saving fluid plenum. A fluid may be introduced 602 into an
enclosed region of a fuel cell system, sufficient to increase the pressure within the
enclosed region. A stress may be imparted 604 to one or more portions of the fuel cell
layer or the fluid manifold, sufficient to transform the enclosed region into a fluid plenum.
The stress may cause a deformation in the fuel cell layer, fuel manifold or both, causing
them to move away from each other. Introducing 602 the fluid may occur at a pressure less
than a fluid reservoir pressure, for example. One or more fuel cells in the fuel cell layer
may be activated upon introducing the fluid 602. Deforming 604 may include urging
portions of the fuel cell layer about 5 mm or less away from the fluid manifold.

[0059] The present fuel cell systems and methods include a space-saving fluid
plenum transformable from a substantially volumeless enclosed region and in this way,
allows for the creation of smaller, more compact fuel cell systems configurable to fit
within an existing electronic device while still providing an effective structure to control
the distribution of fluid, such as fuel, to the fuel cells. The enclosed region is located
between a fluid manifold, which may include a fluid pressure regulator device(s), and a
fuel cell layer. The enclosed region may be formed by a coupling between an outlet side
of the fluid manifold and the fuel cell layer via a suitable bonding method. The coupling
may be an adjacent bond, such that the enclosed space created is not able to function as a
fluid distribution plenum without a stress being imparted on the fuel cell layer, fuel
manttfold or both by a fluid pressurization. In varying examples, the enclosed region
transtorms into a fluid plenum when a fluid exiting the manifold pressurizes the enclosed
region, imparting a stress to one or more one or more portions of the fuel cell layer and/or
the fluid manifold, which may result in portions or all of the layer and/or manifold to
deform away from each other. In some embodiments, the stress imparted may result in
deformation sufficient to provide a fuel plenum which enables operation of the fuel cell
layer, but which may or may not be visibly or externally perceptible. The curvature of the
fuel cell layer and/or fluid manifold shown in the figures is for illustrative purposes, and in
some embodiments, the fuel cell layer and/or fluid manifold may be less curved, or may be

substantially planar.
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Example 1:
[0060] In an example, a flexible fuel cell layer with an array of strip-like fuel cells,

constructed m accordance with commonly-owned US Patent Application 11/047,560,
arranged 1n a generally parallel formation was bonded to a generally rigid fluid manifold
using a structural adhesive member to form a peripheral seal. The fuel cell system further
comprised internal adhesive support members arranged in a parallel configuration such
that the current collecting structures of the fuel cell array were bonded directly to the fluid
manifold such that the fuel cell array was substantially adjacent to the fluid manifold.
When pressurized fluid (e.g. hydrogen) was introduced into the system, there was no
visible deformation of the fuel cell layer, suggesting that no fluid plenum could have been
formed; however, the fuel cell layer operated to produce electricity, implying that, in fact,
a fuel plenum was indeed formed within the enclosed space between the fuel cell layer and
the fluid plenum sufficient to enable fuel to react with the anodes of the fuel cell layer.
Furthermore, in this example, no external supports were employed to enable operation of
the fuel cell system, essentially allowing the fuel cell system to operate in a ‘self-

supported’ configuration.

Example 2:

[0061] In a second example a flexible fuel cell layer with an array of strip-like fuel
cells, constructed in accordance with commonly-owned US Patent Application
11/047,560, arranged in a generally parallel formation was bonded to a generally rigid
flurd manifold using a structural adhesive member to form a peripheral seal. No internal
supports were used; however, the system was dimensionally constrained using an external
framework, such that the fuel cell layer was constrained substantially adjacent to the fluid
manifold. In this embodiment, when pressurized fluid (e.g. hydrogen) was introduced into
the system, there was a very small but visibly perceptible deformation of the fuel cell layer
(1.e. about 0.5 mm total deflection), suggesting that a fluid plenum had been formed.
Again, the fuel cell layer operated to produce electricity, confirming that a fluid plenum
had been formed sufficient to enable fuel to react with the anodes of the fuel cell layer.
[0062] The above description is intended to be illustrative, and not restrictive. For
example, the above-described examples (or one or more features thereof) may be used in
combination with each other. Other embodiments can be used, such as by one of ordinary

skill in the art upon reviewing the above description. Also, in the above Detailed
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Description, various features may be grouped together to streamline the disclosure. This
should not be interpreted as intending that an unclaimed disclosed feature is essential to
any claim. Rather, inventive subject matter may lie in less than all features of a particular
disclosed embodiment. In addition, while the majority of this patent document discusses
tuel or reactant based fluid applications, the present systems and methods can be used for
other tluid transfer applications in ways similar to those discussed herein. Thus, the
following claims are hereby incorporated into the Detailed Description, with each claim
standing on its own as a separate embodiment. The scope of the invention should be
determined with reference to the appended claims, along with the full scope of equivalents

to which such claims are entitled.

19



CA 02700832 2010-03-25
WO 2009/039656 PCT/CA2008/001713

What is claimed is:

1. A fuel cell system comprising:
a fluid manifold including;:
a first and a second side,

at least one manifold outlet in the first side, and
a manifold inlet fluidly coupled to the manifold outlet via a

fluid directing recess located within the fluid

manifold;

a fuel cell layer including at least one fuel cell wherein at least a portion of
the fuel cell layer is bonded to the first side of the fluid manifold such that the fuel cell
layer is substantially adjacent to the first side of fluid manifold; and

an enclosed region formed by the bonded fuel cell layer and the fluid

manifold;

wherein one or more portions of the fuel cell layer or fluid manitold are
adapted to deform away from each other upon pressurization of the enclosed region by

fluid introduced through the manifold outlet.

2. The fuel cell system of claim 1, wherein the fuel cell layer comprises a fuel cell
array. ‘
3. The fuel cell system of any one of claims 1-2, wherein the fluid manifold 1s

flexible and adapted to deform upon pressurization of the enclosed region.

4. The fuel cell system of any one of claims 1-3, wherein the fuel cell layer 1s flexible

and adapted to deform upon pressurization of the enclosed region.

5. The fuel cell system of any one of claims 1-4, further comprising a bond member,
wherein the bond member is adapted to bond at least a portion of the fuel cell layer to at

least a portion of the fluid manifold.

6. The fuel cell system of claim S5, wherein at least a portion of the bond member 1s

electrically conductive.
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7. The fuel cell system of claim 6, wherein the bond member is in contact with one or

more electrically conductive portions of the fluid manifold.

8. The fuel cell system of any one of claims 1-7, wherein at least one manifold outlet

comprises two or more manifold outlets.

9. The fuel cell system of any one of claims 1-8, further comprising a second fuel cell

layer, a portion of which is bonded on a side, other than the first side, of the fluid

manifold.

10.  The fuel cell system of claim 9, wherein a second enclosed region is formed by the

bonded second fuel cell layer and fluid manifold.

11.  The fuel cell system of claim 9, further comprising at least one manifold outlet in

the same side of the fluid manifold as the second fuel cell layer.

12.  The fuel cell system of any one of claims 1-11, further comprising one or more

additional fuel cell layers, a portion of each bonded on the first side of the fluid manifold.

13.  The fuel cell system of any one of claims 1-12, further comprising one or more

internal supports, in contact with the fluid manifold and the fuel cell layer.

14.  The fuel cell system of claim 13, wherein the one or more internal supports

comprise bond members, spacers, collapsible columns, or a combination thereof.

15.  The fuel cell system of claim 13, wherein the one or more internal supports

collapse or expand in response to movement in the fuel cell layer or fluid manitold.

16.  The fuel cell system of claim 5, wherein the bond member includes at least one of

an adhesive member, a weld member, a solder member, a braze member, or a mechanical

fastener.
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17.  The fuel cell system of any one of claims 1-16, further comprising an external

support structure disposed to limit the outward deformation of the fuel cell layer or the

fluid manifold away from each other.

18.  The fuel cell system of any one of claims 1-17, wherein the external support

structure includes a portion of an outer housing of a portable electronic device.

19.  The fuel cell system of any one of claims 1-18, wherein the enclosed region

includes at least two discrete regions, each region pressurized by at least one different

manifold outlet.

20.  The fuel cell system of any one of claims 1-19, wherein the fluid manifold includes
at least one fluid pressure regulator device fluidly coupled with at least one material

directing recess within the fluid manifold.

21.  The fuel cell system of any one of claims 1-20, wherein the fuel cell layer turther

comprises current collection components in contact with the at least one fuel cell.

22.  The fuel cell system of claim 21, wherein current collection components are

substantially integrated within the fuel cell layer.

23.  The fuel cell system of any one of claims 1-22, wherein the fuel cell layer can be

positioned in a planar or a non-planar configuration for operation.

24. A method of operating a fuel cell system, comprising:
introducing a fluid into an enclosed region of the fuel cell system via a fluid
manifold, the fluid manifold including
a first and a second side,
at least one manifold outlet in the first side, and
a manifold inlet fluidly coupled to the manifold outlet
via a fluid directing recess located within the fluid

manifold;
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wherein the introducing of the fluid is sufficient to increase the pressure

within the enclosed region; and

imparting a stress to one or more portions of 2 fuel cell layer or the fluid
manifold, the fuel cell layer including at least one fuel cell in which a portion of the fuel
cell layer is adjacently bonded to the first side of the fluid manifold, creating the enclosed
region;

wherein imparting the stress is sufficient to transform the enclosed region

into a fluid plenum.

25.  The method of claim 24, wherein imparting a stress comprises one or more

portions of the fuel cell layer or the fluid manifold deforming away from each other.

26.  The method of any one of claims 24-25, wherein introducing a fluid into the
enclosed region comprises introducing the fluid at a pressure less than a fluid reservoir

pressure.

27.  The method of any one of claims 24-26, wherein introducing the fluid includes

activating the at least one fuel cell.

28.  The method of any one of claims 24-27, wherein deforming includes urging

portions of the fuel cell layer about 5 mm or less away from the fluid manifold.

29. A flexible fuel cell layer, comprising:

two or more fuel cells, substantially integrated within a two-dimensional
layer; .

a substrate, coupled to the layer and forming an enclosed region between
the substrate and layer;

wherein the layer can be positioned 1n a planar or non-planar configuration

and wherein the layer 1s configured such that it 1s operable when self-supported.

30.  The flexible fuel cell layer of claim 29, wherein the substrate comprises a fluid
manifold, a fuel cell system structural member, fluidic control components, a fluid

reservoir, a portion of an electronic device or a combination thereof.
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31.  The flexible fuel cell layer of any one of claims 29-30, further comprising current

collection components in contact with the two or more fuel cells.

32.  The flexible fuel cell layer of claim 31, wherein the current collection components

are substantially integrated within the layer.

33.  The flexible fuel cell layer of any one of claims 29-32, further comprising one or

more internal supports in contact with the flexible layer

34.  The flexible fuel cell layer of claim 33, wherein the one or more internal supports

collapse or expand in response to movement in the flexible layer.

35.  The flexible fuel cell layer of any one of claims 29-34, further comprising a bond
member, wherein the bond member is adapted to bond at least a portion of the fuel cell

Jayer to at least a portion of the substrate.

36.  The flexible fuel cell layer of claim 35, wherein the bond member includes at least
one of an adhesive member, a weld member, a solder member, a braze member, or a

mechanical fastener.

37.  The flexible fuel cell layer of any one of claims 29-36, further comprising one or

more fluid pressure regulator devices, at least partially integrated into the layer.
38.  The flexible fuel cell layer of claim 37, wherein the one or more fluid pressure

regulator devices includes an array of co-planar fluid pressure regulator devices, each

fluidic pressure regulator device acting independently from the others.
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