FLUIDIC CONTROL SYSTEM AND METHOD OF MANUFACTURE TECHNICAL FIELD 5The present
document relates to control systems. More specifically, it relates to a fluidic control system.
BAQKGROUNé)é%;]é?}rég% hr} t(?chnology are progressing towallrd.s smal!er. sg@g&&q{,@y@ﬁ%s inal0
variety of apB‘i - Fluidic systems can be integrated within restrictive form factors imposed by the
system to manipulate the transport of fluid. For example, flow-modulating components can be

arranged for functions sugf aspBRCiaNOASTRULSHSERVE A WD MOEMHEMIF. Electronic

components, such as personal electronic deyj iederginero 15 become smaller in size. As
electronic components are designed in smaller in size and incorporate sophisticated and complex
technology, the demands on the power suppl¥ regtep, For instance, the power supply may

need to occupy less volume or a smaller footprint to accommodate the addition of the technology to

the device. The additiort:g}léi ?%?g‘é?agg u%%%_?é&?e&%%ﬁtﬁﬁas%?%QWré‘éﬁmﬁ@ﬁQf jgager periods 20

of time. In addition, por ronic device may need to have energy storage maintained while the
power supplyshq’gl&sﬂ dic AE le,0f a power supply for the electronic components is a fuel cell

system. In order to make a smaller fuel cell system, many individual components of the system, such
as a fluid delivery component can be made smaller, but need to meet 25the technical requirements of
the fuel cell system. For instance, the fluid delivery component may need to maintain a certain
pressure, without Qccupying anoverall . -~ BACKGROUND

Trends in technology are progressing towards smaller scales for systems in a

10  variety of applications. Fluidic systems can be integrated within restrictive form
factors imposed by the system to manipulate the transport of fluid. For example,
flow-modulating components can be arranged for functions such as reactant delivery,
heat transfer, and do sing of fluids.

Elec&onic components, such as personal electronic devices, are trending to

15  become smaller in size. As electronic components are designed in smaller in size and
inco?porate sophisticated and complex technology, the demands on the power suPpIy
become greater. For instance, the power supply may need to occupy less volume or a
smaller footprint to accommodate the addition of the technology to the device. The
additional technology may also require that the power supply last for longer periods

20 of time. In addition, portable electronic device may need to have energy storage
maintained while the power supply shrinks..

An example of a power supply for the electronic components is a fuel cell
system. In order to make a smaller fuel cell system, many individual components of
the system, such as a fluid delivery component can be made smaller, but need to meet

25 the technical requirements of the fuel cell system. For instance, the fluid delivery

component may need to maintain a certain pressure, without occupying an overail
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1 SUBSTITUTE SHEET (RULE 26) significant volume of the fuel cell system, and without interfering
with the assembly of the fuel cell system. Furthermore, the functionality of the fuel cell system must not
be compromised. SUMMARY OF INVENTION According to the first aspect of the invention, there
is provided a fluidic control system comprising: at least one planar pressure regulator component, the

at least one planai-RiesIE reYaler canpenenhinglndinghalieast eae i imanbRresalre regulator
and at least one se ond?g{ Pressure regtﬂlatf%r; ttwo or more feﬁtlljreqlla ers havip%fe%tures; wherein
features of anyeofcﬁ'ue TW6 or more teatured Ia)l}(%rlg%%ﬁe/ré)ct £ cofietivelyformhe afledst one planar
pressure regueoroasgsebonent; and wherein the two or more featured layers are stacked and joined
together so as to be in fluid communication with one another and to fonn a gastight seal with each
other. According to the second aspect of the invention, there is provided a component for a fluidic
control system, the component comprising: two or more featured layers having features, the features
including: a valve having a position, a ﬁHﬁM%%QB%W@I@BImponent controllable based on the
position of the valve; and a flexible feature actuatable in response to a sensory fluid pressure, where a

position of the flexibje feaure Praparionally cemEols thealugarasiignrahersiniheamponent is a
functional component, the functional component mcludlng at least one primary pressure regulator and

at least one sEEERCERFIE G PENRRF " PFAREDTEARG 15 SHEPMITY o T)%tclte%% & MV8htion, there is
provided a systemrcaraprisngnactsasiolidifiy idicasbmeatreyate maieie disgatat RI4SE dnet pressure

regulator compenefixdhe atdeas! RBAMANAPEeSSMEERgHIAIRTSOMmPaReRhiNcIIIRG.aL least one
primary pressiire (equlalor, andat least.one sesandany pressuieiiequlelor, (e gampopent comprising
two or more featured layers having features, t e teatures inclu Ing: a valve havmg a position, a fluid
flow through e fipCESHRIEBIMpITERP BB AbREHEER BT SSHIEH B e Favecdnd a flexible
feature actuatabl@iirdespaizsectasacsensotyidluichpresadse withere anphsitiand of the Hexible feature
proportionallygontrals the valye position; and at least one fluid enclosure communicatively coupled
with the at least one fluidic control system. According to the fourth aspect of the invention, there is

provided a method fOFRSAATG LHRRRICERRFOP S I IR HBtHOA RGP ASHEPYShiNG at least one
first feature ofivdie ormmmreyieatured tayersciormmgatdeast onersecdet:febtiarerohaamy of the one or .

more featureqdayersimandidntetaqtivaly Asseciating hesableashaneofirgi-faature withothe: at least one
second feature and fqrming at least one T EL%“%E‘V%'- Gl %%E[é‘%e%%eaéciﬁﬁ%%eréy%%E‘é’t@a' component
including at least one Erl?%ary pregsure regu ator and at least one seconcflary pressure regulator.
According to thesiftfy dspbrrsttherrieathoptitieretis BrobiddenrmtrodiarBperativly Besystem, the
method comprigiagofluidicatiy-aouprlingpoltitientlosuramithmftuidicccantteohaystepsndtre fluidic control
system including, gt least gne JunGianal ComReNeNt e Qlmere [eattred Jayers having features, and
features of any of the two or more featured layers interactively form the at least one functional
component; aﬁ’?&“ﬁ?ﬁﬁsferring fluid, transferring fluid including transferring fluid from the fluid enclosure
to the fluidic control systeing whieréindheat (dadst ioredunchional wompdnenténctudessaizieast one

primary presswsagﬁ_&w%tﬁ&i@@&lﬁsﬂ%%%@a@mﬁg%@m Bﬁ@%%ﬁﬁré@ggﬁh@{&fcompoﬁ&ﬁ,%@iag to th? sixth
aspect of the Jlgventlon, there is provide 2 fluidic co?trollse(steng omprising at least one functional
component fofed By R BaFseHo R Bt Pkt P EL 1o7h &t I o r fhorefa ers, wherain the component
function is achieyedrpdrie Bispracetterdast arsustonafeniireconperitscpiamtiandin® the plane of
another featureddaar-whesrinthe &daas! epedurstionalicompanentvinglugasiat leastione primary
pressure reguia(of andat 1SSt oNG SESANJATLASESHLS [eQuRlRr  BRIGR DESGRIGTIQN OF THE
DRAWINGS Figure IA% ustrates an expioded view of a electrochemical cell system as

flexible feature actuatable in response to a sensory fluid pressure, where a position of the

flexible feature proportionaily controls the valve position; and at least one fluid enclosure

communicatively coupled with the at least one fluidic control system.



constructed in accordance with at least one embodiment. Figure IBillustrates a block diagram of a
electrochemical cell system in accordance with at least one embodiment. Figure 2illustrates an
exploded perspective view of a fluid manifold as constructed in accordance with at least one
embodiment. Figure 3Aillustrates a cross-sectional view of a conduit layer as constructed in
accordance with at least one embodiment. Figure 3B illustrate a cross-sectionaLview of a conduit
layer as _constructeg in glccord%cg u%th at I?a§t one Se@t%%di{}[‘e”t- Figurg Ci”“%&ﬁtﬁ% a

cross-sectional view 6f & ¢ondu ayer as €onstructed in accordante with at a5t ohe @mbodiment.

Figure 4illustrigtedng tfbeticseptiorratiorevibofgthré seursvegiarerast dufistradieditatgeedrdance with at
least one emhadiment: Rigura bilkistraiema arass-sectionnl Wewoinueheckvahecamponent as

featured layers; and interactively associating the at least one first feature with the at least one
second feature and forming at least one functional component; the at least one functional
component including at least one primary pressure regulator and at least one secondary
pressure regulator.

According to the fifth aspect of the invention, there is provided a method of operating
a system, the method comprising: fluidically coupling a fluid enclosure with a fluidic control
system, the fluidic control system including at least one functional component, two or more
featured layers having features, and features of any of the two or more featured layers
interactively form the at least one functional component; and transferring fluid, transferring
fluid including transferring fluid from the fluid enclosure to the fluidic control system;
wherein the at least one functional component includes at least one primary pressure regulator
and at least one secondary pressure regulator.

According to the sixth aspect of the invention, there is provided a fluidic control
system comprising at least one functional component formed by the interaction of features
formed in two or more layers, wherein the component function is achieved by the
displacement of at least one feature out of its plane and into the plane of another featured
layer; wherein the at least one functional component includes at least one primary pressure

regulator and at least one secondary pressure regulator.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A illustrates an exploded view of a electrochemical cell system as
constructed in accordance with at least one embodiment.

Figure 1B illustrates a block diagram of a electrochemical cell system in
accordance with at least one embodiment.

Figure 2 illustrates an exploded perspective view of a fluid manifold as
constructed in accordance with at least one embodiment,

Figure 3A liustrates a cross-sectional view of a conduit layer as constructed in

accordance with at least one embodiment.
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constructed in accordance with at least one embodiment. Figure 6illustrates a cross-sectional view of a
flow valve component as constructed in accordance with at least one embodiment. WO
2008/113180PCT/CA2008/000535 Figure 7Aillustrates a perspective view of a fluidic control system
as constructed in accordance with at least one embodiment. Figure 7Billustrates a cross-sectional

one 5embodiment. Figure 7Cillustratgs %nw%p‘gjagfgogers eg}ri\l/e%tview of a fluidic control system as

constructed in accordance with a?tcfé)%s one emboc |m§ﬁ . Figure BAillustrates a perspective view of a
fluidic control systefigseBconstifetsaiin avesrastiers iy 0l e a5t e potfimditctigure
8Billustrates an exploded perspegtivi@view e & flaidiecamealment.

Figure 4 illustrates a cross-sectional view of a pressure regulator as
constructed in accordance with at least one embodiment.

Figure 5 illustrates a cross-sectional view of a check valve component as
constructed in accordance with at least one embodiment.

Figure 6 illustrates a cross-sectional view of a flow valve component as

constructed in accordance with at least one embodiment.
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system as constructed in accordance with at least one embodiment. Figure 9illustrates a system
configuration for a fluidic control system as 15constructed in accordance with at least one
embodiment. Figure 10illustrates a view of an enclosure with an interface as constructed in
accordance With%£%843t%ne embodiment. Figure 11lillustrates a side view6f 4 #98{¢¥G#& with an
interface as constructed in accordance with at least one embodiment. 20Figure 12illustrates a

cross-sectional view of gt}Rcheqﬂc%]rgtgg 4 pers ec??(%tgmgﬂ%mmgﬂ}%?eﬁﬁ’@ at least one

; . i . .
embodiment. Figure 13illustrates a fuel tlow velocity within the electrochemical cell system system of

Figure 12, which includes an array of flidic.RIEsSie eaH a8 Vices AR d:ah.athmof anode cavity
inlets, 25as constructed in accordance with at least one embodiment. 3 SUBSTITUTE SHEET (RULE
26) DETAILED DESCRIBHON illustrates a cross-sectional perspective view of a flnidic control
system as constructed in accordance with at least one
5 embodiment.
Figure 7C iflustrates an exploded perspective view of a fluidic control
system as constructed in accordance with at least one
embodiment.
Figure 8A illustrates a perspective view of a fluidic control system as
10 constructed in accordance with at least one embodiment.

Figure 8B illustrates an expleded perspective view of a fluidic control

system as constructed in accordance with at least one

embodiment.
Figure 9 illustrates a system configuration for a fluidic control system as
15 constructed in accordance with at least one embodiment.
Figure 10 illustrates a view of an enclosure with an interface as

constructed in accordance with at least one embodiment.
Figure 11 illustrates a side view of an enclosure with an interface as
constructed in accordance with at least one embodiment.
20 Figare 12 illustrates a cross-sectional view of a electrochemical cell
system system in accordance with at least one embodiment.
Figure 13 iltustrates a fuel flow velocity within the electrochemical cell
system system of Figure 12, which includes an array of fludic
pressure regulator devices and an array of anode cavity inlets,

25 as constructed in accordance with at least one embodiment.

3

SUBSTITUTE SHEET (RULE 26}



The following detailed description includes references to the accompanying drawings, which form a
part of the detailed description. The drawings show, by way of illustration, specific embodiments in
which the fluid manifold and fluidic control 5 systems and methods may be practiced. These
embodiment3¥XHeH 13788 Iso referred to herein as "examples," or "option§¢&fe daEM8&H in enough
detail to enable those skilled in the art to practice the present invention. The embodiments may be
combined, other embodiments may be utilized of stiustfat &-4qgieRhghanges may be made without
departing from the scope of the invention. The following detailed 10description is, therefore, not to be

taken in a limiting sensqggg)ff&%ﬁ&%@agg&r&gm&mpﬁ,@ggimgﬁgpg)WQ%&@H@ and their
a" or"an

legal equivalents. In this document, the terms "a" " are used to include one or more than one,

and the term "or'ds#a6d, IQHRIETS:3 PARexeiesivailad desiaps athenwisawidisalas, | Byarigition, it is to
be understood that the phraseology or terminology 15employed herein, and not otherwise defined, is

for the purpose offjgseripiion pbifanaBodiaidirilatiocPekriiahmanifolanb aditeresatduid” refers to
a continuous, amorphous substance whose molecules move freely past one another and that has the

tendency to asswyeethe sldapetiRdshitsy teptaittered) Thidenembbdmegts widdefiec:gasefegreid or liquid
under pressure. Examples of fluids may include fluid reactants, fuels, oxidants, and heat transfer
fluids. Fluid fuelstabeckin 4518 calislend pifoitadi\arolpeeripad brdiguich sntihiaieogeln Gasders in any
suitable fluid form. Examples of fluids include air, oxygen, water, hydrogen, alcohols such as methanol
and ethanol, amrtoied imdarrrifoprecdks hapvessTHIBYeH 88 abhin eakadmgily adesilanes such as

disilane, trisilane, disilabutane, ) . )
__combined, other embodiments may be utilized or structural or logical changes may be

made without departing from the scope of the invention. The following detailed
10 description is, therefore, not to be taken in a limiting sense and the scope of the
invention is defined by the appended claims and their legal equivalents.

In this document, the terms “a” or “an” are used to include one or more than
one, and the ferm “or” is used fo refer‘to a nonexclusive “or” unless otherwise
indicated. In addition, it is to be understood that the phraseology or terminology

15  employed herein, and not otherwise defined, is for the purpose of description only and
not of limitation.
Definitions
As used herein, “fluid” refers to a continuous, amorphous substance whose
molecules move freely past one another and that has the tendency to assume the shape
20 ofits container. | A fluid may be a gas, liquefied gas, liquid or liquid under pressure,
Examples of fluids may include fluid reactants, fuels, oxidants, and heat transfer
fluids. Fluid fuels used in fuel cells may include hydro'gen gas or liquid and hydrogen
carriers in any suitable fluid form. Examples of fluids include air, oxygen, water,

hydrogen, alcohols such as methanol and ethanol, ammonia and ammonia derivatives

25  such as amines and hydrazine, silanes such as disilane, trisilane, disilabutane,
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4 SUBSTITUTE SHEET (RULE 26) complex metal hydride compounds such as aluminum
borohydride, boranes such as diborane, hydrocarbons such as cyclohexane, carbazoles such as
dodecahydro-n-ethyl carbazole, and other saturated cyclic, polycyclic hydrocarbons, saturated amino
boranes suchV&284%Id&iHbrazane, butane, borohydride compounds such BSTEeHHIM/HEEE potassium
borohydrides, and formic acid. As used herein, "fluid enclosure™ may refer to a device for storing a

fluid. The fluic enclgpyee max siRre (bibaha/sally & SRR Y- iflaRieRBIEndb S ly g enclosure

may chemically sto ctive material particles. As used herein, "active material particles" refer

to material particlgs capahlerfafiRiaringihydrogsnenRtherfiislssantn mastiahpaticiesdhat may

occlude and desorb hydrogen or another fluid. Active material particles may include fluid-storing

materials that ocglge, fididinaunhcRSAAIQ0ER I RY FE ISR R} DR YIS AR Dim s Mbination
thereof. Some hydrogen-storing materials desorb hydrogen in response to stimuli, such as change in

temperature, chapgeniss b & Fdbangeinf assaie. bbbbixampesapthydiogen-sieudigmmaterials that
release hydrogen in response to stimuli, include metal hydrides, chemical hydrides, suitable
micro-ceramics, aadpetardimdsyrbhydridetyde fiandtudegs, metal organic frameworks,
palladium-containing materials, zeolites, silicas, alurninas, graphite, and carbon-based reversible
fluid-storing materials séshisd bestah éloat borasand mhes; fesibodefinerfor stotamadbrdgéhs; and

fluid enclosure may store a fluid physically or chemically. For exampie, the fluid

enclosure may chermically store a fluid in active material particies.

As used herein, “active material particles™ refer to material particles capable

10 of storing hydrogen or other fluids or to material particles that may occlude and
desorb hydrogen or another fluid. Active material particles may include fluid-storing
materials that occlude fluid, such as hydrogen, by chemisorption, physisorption or a
combination thereof. Some hydrogen-storing materiais desorb hydré gen in response
to stimuli, such as change in temperature, change in heat or a change in pressure.

15  Examples of hydroéen«-storing materials that release hydrogen in response to stimuli,
include metal hydrides, chemical hydrides, suitable micro-ceramics, nano-ceramics,
boron nitride nanotubes, metal organic frameworks, palladium-containing materials,
zeolites, siiicas, aluminas, graphite, and carbon-based reversible fluid-storing
materials such as suitable carbon nanotubes, carbon fibers, carbon aerogels, and

20  activated carbon, nanc-structured carbons or any combination thereof. The particles
may also include a metal, a metal alloy, a metal compound capable of forming a metal -
hydride when in contact with hydrogen, alloys thereof or combinations thereof. The
active material particles may include magnesium, lithium, aluminum, calcium, boron,

carbon, silicon, transition metals, lanthanides, intermetallic compounds, solid

25  solutions thereof, or combinations thereof. As used herein, “occlude” or “occluding”™

5
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_20 activated carbon, nano-structured carbons or any combination thereof. The particles may also
mplude a metal, a metal alloy, a metal compound capable of forming a metal hydride when in contact
with hyd‘rogen, alloys thereof or combinations thereof The active material,g;?;g E% maxdnclude
magnesium WA Bitfhinum, calcium, boron, carbon, silicon, transition metjs,ﬁgnthgfﬂdes,

intermetallic compounds, solid 25solutions thereof, or combinations thereof. As used herein, "occlude"

or "occluding” 5 SUBRSTITLLFE SHERL(RbEE.2Glsoibing ahistonitefesstbsahse;birnl aradsorbing and

retaining a substance, such as a fluid. Hydrogen may be a fluid occluded, for example. The fluid may

be occluded chegigallyarddausicalive surhdasdideefoisseptipie. of philsidanplide,owhuedmple. As used

herein, "desorb" or "desorbing” or "desorption” refers to the removal 5 of an absorbed or adsorbed
substance. Hydrg%gdmgyobwgamgu?pkimms&gﬂmeﬂtmedm@RafﬁW?mﬂ’@-hydrogen or
other. fluid may b_e bound physically or chemically, for example. As used herein, "contacting" refers to
physically, chemically, gloatiChdiein, tdasiritpol derbrivingiToei atprotie® BeBEmHRheAAYdhay contact
an enclosure, in 10which the fluid is physically forced inside the enclosure, for example. A fluidic
control systesn isopﬁﬁwmd)bémiadﬂiﬁgﬂa@ﬁ@@ﬁtr&%@ﬁﬂﬂb@%@ﬁﬁe@ﬁ%ﬂ\?ﬁ%‘ﬁucfure and
method of contr_olling_the distribution of fluid, for example, in a small volume of space. The fluidic
control system |sdmmddammm,I&y@@@ha@%?@%%@lﬁ%@ﬁ%@vé’?mgﬁgggh S’f%@%ut 10 to

500 micron. 15The fluidic control system is formed of one or more
or chemically, for example. featured layers, where one

As used herein, “contacting” refers to physically, chemically, electrically
touching or within sufficiently close proximity. A fluid may contact an enclosure, in

10 which the fluid is physically forced inside the enclosure, for example.

A fluidic control system is provided herein. The fluidic control system
provides an effective structure and method of controlling the distribution of fluid, for
example, ina smaii volume of space. The fluidic control system is formed of thin
layers of material, such as layers having a thickness of about 10 to 500 micron.

15 The fluidic control system is formed of one or more featured layers, where one
or more of the layers have features. In an option, the features of the featured layers
form functional components of the system. In an option, the system inciudes at least
two functional components, where features of any of the two or more featured layers
collectively form the functional components. In yet another option, functional

20  component is formed by the interaction of features formed in two or more layers,
where the component function is achieved by the displacement of at least one feature
out of its plane and into the plane of another featured layer. For example, the feature
may be mechanically displaced orthogonal to the plane of the features.

In a further option, the functional components are co-planar with each other.

25  In yet another option, the two or more features include an array of features fluidly
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or more of the layers have features. In an option, the features of the featured layers form functional
components of the system. In an option, the system includes at least two functional components,
where features of any of the two or more featured layers  collectively form the functional
components %R 3984K88er option, functional 20 component is formed by the SAEIEERENOf features
formed in two or more layers, where the component function is achieved by the displacement of at

least one feature gut of its plane:and intouibe.AlRE: b ARRIAGIsareshiaMe biiTRs Rxame, the feature

may be mechanically displaced orthogonal to the plane of the features. In a further option, the

functional compoRanisyaKe 36r Ria TR NBosach ek RElMyah AR et piied (he temienmore features
include an array of features fluidly 6 SUBSTITUTE SHEET (RULE 26) communicating with each other

within a commoneplapiesdxarnleseetiepbiieationalckmpanenisptortie flidisdontrol system include,
but are not limited to, at least one of a pressure regulator component, a check valve component, a flow

valve componentompbiige velugeoaponentpacatessrreue iedic nupyreattse condil, 2an Son/off valve,
a manuql on/off valve, or a thermal relief component. In an example embodiment, the fluidic control
system, inclidingthefffusietionalanoah pofidhivsisis onssbermbbradicimgbaiwgnican be used with at least

one fluid enclosure communicatively coupled with the fluidic control system.
In an example embodiment, the fluidic control system, including the

functional components discussed above and below, can be used with at Jeast one fluad
enclosure communicatively coupled with the ﬂpidic control system.

In an example embodiment, the fluidic control system can be used within an

10 electrochemical cell system, such as a fuel cell system, for instance as illustrated in
Figure 1A. Although the term fuel cell system is used herein, it should be noted that
the system can be used for any electrochemical cell system. The fuel cell system 100
includes, But is not limited to, one or more of a fuel cell 102, a fluidic control system
104, a charge port 106, a fluid enclosure such as fuel reservoir 108, and a fluid

15  manifold 120.

The fuel reservoir 108 provides fuel for the fuel cell 102, which can be
charged or refueled via the charge port 106. The fluidic control system 104 provides
for the distributién and regulation of fuel, as will be further described below. The
fluid manifold 120 provides a conduit for the fuel between the fiuidic control system

20 104, the fuel cell 102, and the fuel reservoir 108. The fluid manifold can also be used

to distribute other fluids, including, but not limited to, heat transfer fluid.

The fluid enclosure such as a fuel reservoir, can have a variety of forms. In an
option, the fluid enclosure is flexible. Furthermore, the fluid enclosure can be

protected with one or more pressure relief component of the self-destructive type,

SUBSTITUTE SHEET {RULE 26}



In an example embodiment, the fluidic control system can be used within an 10 electrochemical cell
system, such as a fuel cell system, for instance as illustrated in Figure 1A. Although the term fuel cell
system is used herein, it should be noted that the system can be used for any electrochemical cell
system. The P& S18%m 100 includes, but is not limited to, one or mdie BF AR EET>102, a fluidic
control system 104, a charge port 106, a fluid enclosure such as fuel reservoir 108, and a fluid

15manifold 120. g, Th¢laL R8I IS PIRNSasIlaRbIRh IR Tuebfalt 102 mMBlehygRNshencharged or

refueled via the charge port 106. The fluidic control system 104 provides for the distribution and

regulation of fuelyagill-padeathridessaied, Bietow. ptbetuitt Reapiialshidd pegvid¢prassarduit for the
fuel between the fluidic control system 20104, the fuel cell 102, and the fuel reservoir 108. The fluid

manifold can alsaddeauartsa wistibate athesthiitrebsctadinbetiatehptd ipnitadréacheiat transfer fluid.

The fluid enclosure such as a fuel reservoir, can have a variety of forms. In an option, the fluid
enclosure is flexiampenethenaydre: trerfisily-ectietuit satrbstpraitotte donitin tmeporamre/pressure
relief component of the self-destructive type, 7 SUBSTITUTE SHEET (RULE 26) such as fusible
triggers, rupture pisteuzrdligistmaepes; vephitrcbecbedalptsestypactivapia anrhgreiied
pressure-relief valve. A pressure relief component may be "pressure-activated”, set tg activate at a
certain pressure aatitertadielStil fghsstee vk nsiapes ear Rrroecadetitunybaenobielie! set to activate
at a certain temperature. A 5 pressure relief component may also be both "pressure-activated" and
"thermally-activaf@8®%6ffurther, the fluid enclosure can be protected with a thermal relief component.
In a further option, the fluid enclosure can include fuel cartridges, such as replaceable fuel cartridges.

The cartridges may include dispenser c tr;g s, 10disposable.fuel ampoules, refillable fuel tanks or
fuel cell cartridges, for SX&rpt fffﬁ?g%é‘fﬂ[\g grll S%C?%%”f}%ﬁc Ut gl‘é%%e%ﬁ%l‘éa\%fé%%ﬁ’astué]cagnnectable to a

ol ol o el o ) Ao gl ASSBOREALD A 3 connecin e

10  disposable fuel ampoules, refillable fuel tanks or fuel cell cartridges, for example.
The fuel cartridge may include a flexible liner that is connectable to a fuel cell or fuel
cell l.éyer. The fuel cartridge may also include a connecting valve for connecting the
cartridge to a fuel cell, fuel cell layer or refilling device.

In a further option, the fluid enclosure can be used in a system with an

15 interface. The system optionally includes a strain absorbing interface for contacting
the fluid enclosure. For instaﬂce, the interface is used for a rigid or semi-rigid
component and a flexible ﬂui’d enclosure. The interfacevabsbrbs any strain due to
dimensional changes in the fluid enclosure as it charges with hydrogen. Rigid
components, such as mounts or fluidic devices for fuel cell communication, can be

20 coupled to the fluid enclosure through the flexible interface and not risk sheering due
to mechanical stress. The flexible interface allows for more component
configurations and applications for use with a flexible fluid enclosure. The flexible

interface absorbs strain and supports the connection between component and

enclosure.
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In a further option, the fluid enclosure can be used in a system with an 15interface. The system
optionally includes a strain absorbing interface for contacting the fluid enclosure. For instance, the
interface is used for a rigid or semi-rigid component and a flexible fluid enclosure. The interface
absorbs any¥@aH#L8¥ dimensional changes in the fluid enclosure as iFER4r4EY¥AMPES drogen.
Rigid components, such as mounts or fluidic devices for fuel cell communication, can be 20coupled to

the flud enclosure throygh e lexile sriaeaend oL sk ahesRON 19 FRSUAGRLSess. The

flexible interface allows for more c’omﬁon&?conﬁgu?aﬂons and applications for use with a flexible fluid

enclosure. The fgyile I6Ha6e PRI SAIN AR SRR ARABRE ARDEMERGPMponent and

enclosure. 8 SU SHEET (RULE 26) Forinstance, referring to FIG. 10, a cross-sectional

view of a fluid englogiire IeHBRERYF G AR 503hA MahAGGRRHIR GRS ARAeBMPafiFRaRIG0T he system

400 includes a flexible fluid enclosure 406 in contact with a strain absorbing interface 404 on a first

side. On a seconghsiggsithiadnionfacec4hRd saeytheicenptatamiy adeatsadc-biaiha 4@2urthe featured
layer may include a plurality of featured layers, or one or more featured layers that collectively form a

functional cosnporget4én apégeabfiddissonnenidnidAgloaytpefifesitieddayirsthe imectace 404,
connecting the enclosure 406 and featured layer 402. The fluid enclosure 406 may be an enclosure
formed by conformablfaandiageiOien eltertivelly toramcoposite! hpthpgentstdmgetinaterial, for
example. Conformably coupled refers to forming a bond that is substantially uniform between two
components and fareliattachedion 408 may Yegpsitianedin thicangrBephQsi campasieitia corresponding
shape or form. A structural filler or composite hydrogen storage material may be conformably coupled
to an outer enclosuglogsi 436 res seatyredifayer 402.

The fluid enclosure 406 may be an eﬁclosure formed by conformably coupling
10 an outer wall to a composite hydrogen storage material, for example. Conformably
coupled refers_to forming a bond that is substantially uniform between two
components and are attached in such as way as to chemically or physically bind in a
corresponding shape or form. A structural filler or composite hydrogen storage
material may be conformably coupled to an outer enclosure wall, for example, in
15  which the outer enclosure wall chemically or physically binds to the structural filler or
composite hydrogen storage material and takes its shape. The outer enclosure wall is
the outermost layer within a fluid enclosure that serves to at least partially slow the
diffusion of a fluid from the enclosure. The outer enclosure wall may include
multiple layers of the same or differing materials. The outer enclosure wall may
20  include a polymer or a metal, for example. The fluid may be hydrogen, for example.
A composite hydrogen storage material refers to active material particles
mixed with a binder, wherein the binder immobilizes the active material particles
sufficient to maintain relative spatial relationships between thé active material
particles. Active material partiqles are material particles capable of storing hydrogen

25  or material particles that may occlude and desorb hydrogen, such as metal hydrides,
9
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15which the outer enclosure wall chemically or physically binds to the structural filler or composite
hydrogen storage material and takes its shape. The outer enclosure wall is the outermost layer within
a fluid enclosure that serves to at least partially slow the diffusion of a fluid from the enclosure. The

outer enclos@ Wi A#§linclude multiple layers of the same or differing Maléridf e duter
enclosure wall may 20 include a polymer or a metal, for example. The fluid may be hydrogen, for

example. A compg ‘s%’%%é Iroggn sterage makena) ifarndaraie NYFUARME e RNEed with a
n

binder, wherein the binder immobilizes the activé material particles sufficient to maintain relative

spaial relationshige, RWERRG SSHeI RAURHE AR F esmABIVAIMBISTL DT losntera

particles capable of storing hydrogen 25 or material particles that may occlude and desorb hydrogen,

such as metal hygrides, Q-SHBRT I ERS HER Ta(Ridinae), ionhexaspieactile activerenaieitial may be

a metal, metal alloy or metal compound capable of forming a metal hydride when in contact with

hydrogen. For exampievihepaduevnaterias mayntietheNEahthdidemiShineetal naateieiure of metals or
an ore, such as MmNis, wherein Mm refers to a mixture of lanthanides. The active material 5 particles
may occludeshydsegriebiahetolsaeijdngehsisbeptisnmic.qiydiatiom Yrercomhxiiermaterial
particles may also include silicas, aluminas, zeolites, graphite, activated carbons, nano-structured-
carbons, micro-ctramif:sAntinorcaeaiaiipsiticbronayitlseindndesicss pltaminamzedlies siagbifaterials or
combinations thereof Examples of composite hydrogen storage materials can be found in
commonly-ownedcivated eaghons.Qumppietiord Sarbani BLaTerSeies, IARCAHHISY PO9B6, which is

incorporated by reference. . . .
. nitride nanotubes, palladium-containing materials or combinations thereof. Examples of

composite hydrogen étorage materials can be found in commonly-owned U.S. Patent
10 Application Serial No. 11/379,970, filed April 24, 2006, which is incorporated by
reference.

The strain absorbing interface 404 may be manufactured of any suitable
material that allows it to be flexible, absorb strain and bond to the enclosure 406 and
féatured layer 402. The material chosen should provide a suitable bond, physical or

15  chemical, between the featured layer 402 and enclosure 406 and also allow for the
differential in strain between thé strain of the enclosure wall and the rigidity of the
featured layer 402, so that the sheer stress on any bonds does not exceed the strength
of such bonds. The interface 404 may be manufactured of an elastomeric material or
silicon material, for example. Elastomeric materials may include thermoplastic

20  elastomers, polyurethane thermoplastic elastomers, polyamides, melt processable
rubber, thermoplastic vulcanizate, synthetic rubber and natural rubber, for example.
Examples of synthetic rubber materials may include nitrile rubber, fluoroelastomers
such as Viton® rubber(available from E.I. DuPont de Nemours, a Delaware
corporation), ethylene propylene diene monomer rubber (EPDM rubber), styrene

25  butadiene rubber (SBR), and Fluorocarbon rubber (FKM).
10
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The strain absorbing interface 404 may be manufactured of any suitable material that allows it to be
flexible, absorb strain and bond to the enclosure 406 and featured layer 402. The material chosen
should provide a suitable bond, physical or 15 chemical, between the featured layer 402 and enclosure
406 and als3*NBWSBI3AT8 differential in strain between the strain of the eREBSAEWAI AR the rigidity
of the featured layer 402, so that the sheer stress on any bonds does not exceed the strength of such.

bonds. The interface 404 may 5 MeUlaCkeA 812 SlasimeCEmalataon slispameteril, for

example. Elastomeric materials may include thermoplastic 20elastomers, polyurethane thermoplastic

elastomers, po'yﬁ{ﬁgjﬁéragé%ﬁéﬁﬁﬁlﬁéﬁ’%ﬁéﬁ@% oﬁlﬁéf&%!ﬁ%@mg%%&%#ewpt@emmwbber and
e.

natural rubber, for example. Examples of synthetic rubber materials may include nitrile rubber,

fluoroelastomers g Yifly hkeita iRl Beris br uBgorledlamionreuc Beiaware

corporation), ethylene propylene diene monomer rubber (EPDM rubber), styrene 25butadiene rubber

(SBR), and Fluorgeaskenaihberd Etaed Heb3hiB $T4 Théh nSintinT a(BiotiHcAf less stksstk fluid
enclosure 406 is filled with fluid, or occluded by a composite fluid storage material, the dimensions of

the enclosurg 406 iReseRae¢sethE bacidshke A6 sithibanbed ibjrg 40ferfedd8endaydettPm or change in
dimension, such as in thickness 412. The strained interface 414 then maintains a consistent, less
stressful 5 contasidudvleanidergniitts ioemd SBadm st it fhopet 4@bsorhesternratbdyrtho2 would
then undergo little to no strain, as the interface 414 absorbs strain caused by the enclosure 406
movements. Thecinfesized i mavemeatssofbcitisriacscd dparabsorzaliatiat dassearinf Sfanges in
dimension of enclosure 406. The featured layer 402 may be any fitting, mount, connector, valve,
regulator, 10presswia setisstidonsparashinsimensipicrbrormswedi®, a plate, any device that might
control the flow of hydrogen into or out of the enclosure or combinations thereof, for Egﬁ%g)le. Multiple
e

interfaces 404 and multipre festrL vy &S me3 h‘fe??%gtﬂﬁﬁzgﬁ)ﬁ?tﬁ?ﬂﬂ 25n With Bhe or rore fluid

enclosures 406, where the featured layers form , - . . .
pressure relief componex%, planar microfluidic device, a plate, any device that might

control the flow of hydrogen into or out of the enclosure or combinations thereof, for
example. Multiple interfaces 404 and multiple featured layers 402 may be utilized in
conjunction with one or more fluid enclosures 406, where the featured layers form
functional components such as, but not limited to, the fluidic control system, the
15  manifold, the pressure regulator, the check valve. In another option, the interfaces
404 can be coupled with an inlet of the fluidic control system, the fuel cell, or the
fluidic enclosure.
Figure 1B illustrates additional examples for the system 100 and the manifold
118. The fuel cell éystem 100 includes a fluid enclosure 114 fluidly coupled with one
20 or more fluid control components, by a manifold 118. The one or more fluid control
components can include, but are not limited to a fluidic control system, at least one of
a pressure regulator component, a check valve component, a flow valve component, a
charge valve component, a pressure relief component, a conduit, an on/off valve, a

manual on/off valve, or a thermal relief component.

11
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functional components such as, but not limited to, the fluidic control system, the 15 manifold, the
pressure regulator, the check valve. In another option, the interfaces 404 can be coupled with an inlet
of the fluidic control system, the fuel cell, or the fluidic enclosure. Figure 1B illustrates additional
examples foMAEH€§a#8M0100 and the manifold 118. The fuel cell system T6& TSR uid enclosure
114 fluidly coupled with one 20 or more fluid control components, by a manifold 118. The one or more

fluid control componentgap Ingyele. Al (6,81 Uenijashinia s ROBRLASIRRuAGIeast one of a
C

pressure regulator component, a check valve component, a flow valve component, a charge valve

component. a pregsye LEIE] SAUIRGHR Lo SRRl a3ikRAN alg raariialo/offialve, or a
thermal relief compohent. 11 SUBSTITUTE SHEET (RULE 26) The one or more fluid control

components, sugh.AsriNe1REEIRUISSem iR e RAaR Rhdd:k14s Boitkdau pediwitieropiincell 102 via
a manifold 118. The manifold 118 includes one or more conduit channels 130 therein. In a further

option, the manifgld A5 dlvidysqrugiedositedhathiie: ohenarendisid ddriotrobenppoeetss, Ssuch as the
pressure regulator 116, and is fluidly coupled with the fuel cell 102, and can further include at least one
feedback channejutl3sane maislivanschnnraeb] 331 FHmidblivenplehavithehe $e:tetl b3 fuid such as a
fuel to the fuel cell 102. The feedback channel 129 allows for the regulator to be piloted based on the
feedback to the presfiutieeréniistoat1e6:tromprdsalrehiantied R rpendsiivemichamaidy olifed to a 10
fluid plenum of the fuel cell system. Each of the components of the fuel cell system 100 can be formed
by the flexible layletaastriiatmead Hsdeliseus Saisbeh asayddrthe faeh sl obtofsethadine or more

conduit channels 130 include a gas conduit channel, or_a feedback cha(%‘?[%[i F rth% options for the
system 100 are abdanemiaordpwstarite ragaimiopihbnpl e basel Rpdhg eH° includes two or

more featured layers having features. The features i%%gd%f Pﬁ valve h vin%_nﬂ%and ocsiltli n %19 a fluid flow
through the functiSFREHEOTHBYRERT 16 STy BIRIBIE N BB D the Vave apta system further

e e B A RS B R AL whei 2 potior
100 can be formed by the flexible layered structured as discussed above and below.
In a further option, the one or more conduit channels 130 include a gas conduit
channel, or a feedback channel.
Further options for the system 100 are as follows. For instance, a component
15  for a fluidic control system, includes two or more featured layers having features.
The features include a valve having a position, and a fluid flow through the functional
component is controllable based on the position of the valve. The system further
includes a flexible feature that is actuatable in response to a sensory fluid pressure,
where a position of the flexible feature proportionally controls the valve position. The
20 flexible feature optionally has elastic properties. The flexible feature, in an option, is
integrated with a second pressure plenum. In a further option, the flexible feature
restricts flow through the fluidic control system component between a predefined

range of sensory fluid pressures. In yet a further option, a spring member isin

contact with the flexible feature.

12
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20flexible feature optionally has elastic properties. The flexible feature, in an option, is integrated with
a second pressure plenum. In a further option, the flexible feature restricts flow through the fluidic
control system component between a predefined range of sensory fluid pressures. In yet a further
option, a spAYfY 3BHEHs in contact with the flexible feature. 12 SUBST?F@%%WI‘:’?:X??RULE 26)
Sensory fluid pressure, in an option, refers to any pressure that controls the valve position. The

sensory fluid pressure gan inclyds g RESSUIR.HRSHERAR RESRMAFHRARRTHACKsalvsls @pressure of a
fluid plenum such as a fuel plenum of a fuel cell, environmental pressure, any other pressure within the

system, pressur%mg&@m@l%@wam@mmmam sqneantdlujgieeessure, in an option,
0

includes a pressure downstream of the valve. In another option, the sensory fluid pressure includes a

pressure in the lgyiREBSEH BRIRN N AgYastRecsar fhdd/pleidr seshusnifieiplesumpris Seele in the high
pressure plenum. In yet a further option, the sensory fluid pressure is a fluid pressure of a fluidic

plenum of at leastioneflrehechtdl @ideufe pinyastef testes wabitapersysptiornatissiielude at least two
fluid plenums including a first pressure plenum and a second pressure plenum, where optionally the
first pressuré plefiffimeistialhiginiprasbineiphe tareed cEhdnerapme Juid emgsiuTe, inga BRE%econd pressure
plenum is a low pressure plenum receiving regulated fluid. In an option, a position of the flexible
feature proportiomeliyleonprstsurredospesiondstinaalut dnanatherrrsiara e s Biom it ween the first
pressure plenum and the second pressure plenum. Further options for multiple plepums are as
follows.  As SHSRHIMIEPHISESSEBERSAUAS tRheRFHPIRS TF e Ry EREe 21d/oF Hhf Eﬁlﬂsi%? 2 is arranged to
one side of a dual system plenum 504, including hé%her pressure E\gid tre%oir 6%%,{"%‘83 lower
pressure anode BESTFGISEAF S RS ISP BFPBFOB M pPeStdre Teguiator devices 604. In

B CE TR ol T TR e T
10 The features of the featured layers optionally include at least two fluid
plenums including a first pressure plenum and a second pressure plenum, where
optionally the first pressure plenum is a high pressure plenum receiving unregulated
fluid, and the second pressure plenum is a low pressure plenum receiving regulated
fluid. In an option, a position of the flexible feature proportionally controls the
15  position of the valve, and controls a flow of fluid between the first pressure plenum
and the second pressure plenum. Further options for multiple plenums are as follows.
As shown in cross-section in the example of Figures 12, a fuel cell layer 602 is
~ arranged to one side of a dual system plenum 504, including a higher pressure fluid
reservoir 608 and a lower pressure anode cavity 609 separated by the array 502 of
20  fluidic pressure regulator devices 604. In one example, the dual system Qlenum 504
has approximately the same dimensions as the fuel cell layer 602, with the fuel cell
layer 602 in direct fluidic communication with the anode cavity 609.
In operation, fuel or other fluid is allowed to enter the higher pressure fluid

reservoir 608 via a charge port or inlet 606. Optionally, there may be a fluidic

25  pressure regulator device or other fluid control element at such inlet. This allows for

13
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In operation, fuel or other fluid is allowed to enter the higher pressure fluid reservoir 608 via a charge
port or inlet 606. Optionally, there may be a fluidic 25pressure regulator device or other fluid control
element at such inlet. This allows for 13 SUBSTITUTE SHEET (RULE 26) high fuel or gther fluid
pressures, stich2A¥81é¥ures exceeding 30 psi, to exist in the fluid reser &F/gééoggj%oggsé high
pressures are not allowed to exert a significant force on the anodes of the fuel cell layer 602 due to the

aray of fidic pigspyie Ao 8 ees A0 This Beas R QUelml olparessie Al fucl

distribution systent may 5be employed, allowing for easy circulation of fuel or other fluid within the fluid

reservoir 608 angh aqidingyPeoRas SRRk hAvedosAl RiAnIRsIAE & tiehor sinmTcRRVBHBg flid.

Optionally, multiple high pressure fluid reservoirs may be connected to a common inlet so that multiple

fuel cell layers cap hg SRAIAISHRS A3 INgIfs¥sERIM aldis dbanaarihiidal pridayartolbedndividually
pressure regulated, eliminating the 10 need for pressure distribution management and allowing for an

alternative methQgvadc@natrugtisn grerultiploverall defii pyesassedibfied disthbationiyplenintets to the
anode cavity 609 from the low pressure outlets 500 of the array 502 of fluidic pressure regulator
devices 604 3re pamplpysddsalidwasy foagasy aiehboivigffttdor tibee fluidvishitagedlnd, a fluid (e.g.,
fuel) flow velocity that 15 is uniform or nearly uniform along a length and width of the fuel cell layer
602, as shown indsiyuee 668 RefemimjrggbérptssitiflitveofAaweeflordlsanisier 26U AtrRiiFtoupled with
the fluidic control system 104 and the fuel reservoir 108, and/or the fuel cell 102, for 20 example as
discussed in co-pereiing fhadis@pimabyisutioplehigharessye fluid reservoirs may be connected

to a common inlet so that multiple fuel cell layers can be operated as a single system.

This allows each fuel cell layer to be individually preésure regulated, eliminating the
10 need for pressure distribution management and allowing fqr an alternative method of

constructing multiple fuel cell layer assemblies.

When multiple inlets to the anode cavity 609 from the low pressure outlets

500 of the array 502 of fluidic pressure regulator devices 604 are employed, such as in

a parallel configuration, there is advantageously a fluid (e.g., fuel) flow velocity that
15 is uniform or nearly uniform along a length and width of the fuel cell layer 602, as

shown in Figure 13.

Referring again to Figure 1A, the fluid manifold 120 is fluidly coupled with
the fluidic control system 104 and the fuel reservoir 108, and/or the fuel cell 102, for
20  example as discussed in co-pending provisional application entitled “FUEL
MANIFOLD AND METHODS THEREFOR”, filed March 21, 2007, having Serial
No.60/919,472 and attorney docket number 2269.060PV1, and in co-pending
application entitled “FLUID MANIFOLD AND METHODS THEREFOR?”, filed
even date herewith, having attorney docket number 2269.060US1, and are each

25  incorporated herein by reference in its entirety.
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MANIFOLD AND METHODS THEREFOR", filed March 21, 2007, having Serial N0.60/919,472 and
attorney docket number 2269.060PV1, and in co-pending application entitled "FLUID MANIFOLD AND
METHODS THEREFOR", filed even date herewith, having attorney docket number 2269.0601151,
and are eack95HEG M ted herein by reference in its entirety. 14 SUBSTHYPESMHERT (RULE 26)
In an example, the fluid manifold 120 includes a layered structure that allows for the manifold to be of

a size that does not takg, Up LNNEEESRAR VP IHIMBRCTANMIRSSSRIEIV rae [RotRLINIYRS allows for
the pressure, volume, and temperature requirements for fuel supply systems to be met. The fluid

manifold 120 carheunade Rl 1 alivelsthindayesssebmatenilualawing fanlamdieramanifold 120 to be

flexible. The flexible manifold can be bent around components, or wrapped around components,

providing greaterarephesal aasemblyanticasRrbeiunt palksysieaiutieaait eapentian, the fluid
manifold 120 can be made as part of the fluidic control system 104. 10Figure 2 illustrates an example
of a portion of a fieqdiraasifielthr Sughastheyiuithmabifaiet1 e Thisl pomidoidi Wedtutd madsifold 120
includes at least one conduit layer 122 defined in part by a first side 124 and a second side 126. In an
option, the as leasf eiteicelndni layes 2P mhitcrelbtliolyitigfordheekeidmanitahptéewiflexibelength and
width. In an example, the thickness of the at least one conduit 15 layer 122 is about generally less
than 1 mm. In anBedleaikienpioifihé dhmdinesns sfouns serepenesife YONMRRIAGEIHS? is about 50 m - 1
mm. In an example, the width and length of the layer 122 is about 1 mm and 100 mm, respectively. In
another examplesanwenfals ety ishingeralernvshe ebauamhlyartoss onihs fLedshs'ERd the width
and length of the layer 122 is about 1. mm and 1.5 mm, respecgvel . The idtttf a{.Pd/or 20, the length

ei \g?.te ul

can be altered folfgeBitarriidhdhs Atudmaniiidd HeanBrmnaaasnemt tc conrol

systefn 104.

10 Figure 2 jllustrates an example of a portion of a fluid manifold, such as the
fluid manifold 120. This portion of the fluid manifold 120 includes at least one
conduit layer 122 defined in part by a first side 124 and a second side 126. Inan
option, the at least one conduit layer 122 is relatively thin, for example, compared
with the length and width. In an example, the thickness of the at least one conduit

15  layer 122 is about generally less than 1 mm. In another ega._mple, the thickness of the
at least one conduit layer 122 is about 50 um — 1 mm. In an example, the width and
length of the layer 122 is about 1 mm and 100 mm, respectively. In another example,
the thickness of the at least one conduit layer 122 is about 100 pm, and the width and
Jength of the layer 122 is about 1 mm and 1.5 mm, respectively. The width and/or

20 the length can be altered for geometry of the system in which the manifold is
installed.

In a further option, the thickness of the layer is about 10 ~ 500 micron, and a
dimension of the conduit channel, such as a height or a width or a channel depth, is
about 50 micron to 1 mm. The layer is highly planar such that a width of the

25  manifold is greater than thirty times the dimension of the conduit channel. In another

15
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In a further option, the thickness of the layer is about 10- 500 micron, and a dimension of the conduit
channel, such as a height or a width or a channel depth, is about 50 micron to 1 mm. The layer is
highly planar such that a width of the 25manifold is greater than thirty times the dimension of the
conduit char81 20A84At#kr 15 SUBSTITUTE SHEET (RULE 26) option, #hé GidtiEaPthé* manifold is
greater than three times the dimension of the conduit channel. It should be noted other ranges are

possible. _ The gidsaak-aadaditiananae fuienin Hresaldean! AT 30 therein. The at

least one recess 15am Irecting recess In that it directs the 5 material that flows

therethrough. The, aliAShARA 'SR AN ARliom RGN the condui layer 122, from

the first side 124 to the second side 126, as shown in Figure 2, and Figure 3A. In another option, the at

least one recess 130 extgngsoRlwRAEHANMIRD B sidemrtheicenduildayend 2eas1sbown in Figure
3B. In yet another option, the conduit layer 122 includes two or more recesses 130. For example, two

or 10 more recesgegh30ruduc axianddrerm 1he kirshsided Mriotiliersaaend thidét idecathde disposed
within the conduit layer 122. The two or more recesses 130 can include recesses that extend partially
within a sidesf the:cenditsddyers 1Radhigush. SR candéast the: reces IS, 18 aptioxtentttkdsough the layer
122 (i.e. from the first side 124 and through the second side 126). 15The two or more recesses 130
can be formed withbugheheandditiayenr 122, Swrh trafitieiddd Howitde sseendvithed?é a8 ohsemin the
conduit layer 122. Alternatively, the two of more recesses 130 can be formed within the conduit layer

122 such that they BigiredssadtFigreohs. dicamethen andoso gt legr promecsisd 38cx&ndserbiiends

along the conduit layer 122, and allows for material such as fuel to flow therethrough
partially within a side of the conduit layer 122, as shown in Figure 3B. In yet another

option, the conduit layer 122 includes two or more recesses 130. For example, two or

10  more recesses 130 which extend from the first side 124 to the second side 126 can be

disposed within the conduit layer 122. The two or more recesses 130 can include
 recesses that extend partially within a side of the conduit layer 122 (Figure 3B} and/or

the recesses 130 can extend through the layer 122 (i.e. from the first side 124 and

through the second side 126). |

15 The two or more recesses 130 can be formed within the conduit layer 122 such
that they do not intersect with one another in the conduit layer 122. Alternatively, the
two of more recesses 130 can be formed within the conduit layer 122 such that they
do intersect with one another in the conduit layer 122. The recess 130 extends along
the conduit layer 122, and allows for material such as fuel to flow therethrough.

20 In another option, a first recess 132 can be formed on the first side 124 of the
conduit layer 122, and a second recess 134 can be formed on the second side 126 of
the conduit layer 122, where the first recess 132 and the second recess 134 do not
necéssar'ﬂy extend from the first side 124 through to the second side 126. Inan

example shown in Figure 3C, the partial recesses 136 are disposed on opposite sides

16
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20In another option, a first recess 132 can be formed on the first side 124 of the conduit layer 122, and
a second recess 134 can be formed on the second side 126 of the conduit layer 122, where the first
recess 132 and the second recess 134 do not necessarily extend from the first side 124 through to the
second side W84 ¥ample shown in Figure 3C, the partial recesses* 36X WEpBRd on
opposite sides 16 SUBSTITUTE SHEET (RULE 26) of the conduit layer 122, allowing for material to

ravel therethrougl yja 16955395 PTG ik A4 0610 SBRORR SIS AR, rcedle condu

layer 122, in another option, is formed of one“or more of metals, plastics, elastomers, or composites,

alone or in combipatian; Jhesat least ARe (&ee8S L 394s formed within and/or through the layer 122, in

an option. For example, the at least one recess 130 can be etched or stamped within and/or through

the layer 122. In anothepipRtigauing@t leastPaRRGeHids dcrnka drilad wiirafedetatirough the

layer, formed with a laser, molded in the layer 122, die cutting the layer 122, or machined within and/or

through the layerpiRdcdnepRtoptianothemplend arndocassoibinbidinsTasvitifaaionbeedc29x the depth
of the recess. In another option, the at least one recess 130 has a width of about Imm - 2rnm. In yet

another optian, therisleéasicdnatecass/hahrawgldth-diwdoAA2 5 ad 6ptiom. For ekhmglaidhanatnifold 120
further optionally includes at least one barrier layer, and/or a sealing layer 140, as shown in Figure 2.
In a further optiofeatheftuiecdShdhifaldd 20tiat hrdwempéit sviteal ing/erybroigh dmdasesdddndisealing
layer 144 disposed on opposite sides of the conduit layer 122. For example, the first sealing layer 142
abuts and seals anetimstaptéofir sheslibeasp austrasess Rl wrndyetrillzd vaiftinapdiecdrge iy layer 144

abuts and seals against the second side 126 of the conduit layer 122. This allows for the recess 130 to
be enclosed andlfy@m @Wi{.}tﬁr@g@hmoldcd in the layer 122, die cutting the layer 122, or

machined within and/or through the layer 122. In an option, the at least one recess

10 130 has a width of about 20x the depth of the recess. In another option, the at least
one recess 130 has a width of about 1mm — 2mm. In yet another option, the at least

- one recess has a width of about 50 — 100 um.
The fluid manifold 120 further optionally includes at least one barrier layer,

and/or a sealing layer 140, as shown in Figure 2. In a further option, the fluid

15  manifold 120 includes a first sealing layer 142 and a second sealing layer 144
disposed on opposite sides of the conduit layer 122. For example, the first sealing
layer 142 abuts and seals against the firlstrside 124 of the conduit layer 122, and the
second sealing layer 144 abuts and seals against the second side 126 of the conduit
layer 122. This allows for the recess 130 to be enclosed and form a conduit through

20  which material travels. The sealing layers 142, 144 can be coupled with the conduit
tayer 122, for example, but not limited to, using adhesives, bonding techniques, or
laser welding. In a further option, the sealing layers 142, 144 and the conduit layer
122 are sealed together. For example, the layers 122, 142, 144 are coupled together
through thermal bonding, adhesive bonding, gluing, soldering, welding, ultrasonic

25  welding, diffusion bonding, heat sealing, etc. In a further option, layers 122, 142, 144
17
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20 which material travels. The sealing layers 142, 144 can be coupled with the conduit layer 122, for
example, but not limited to, using adhesives, bonding techniques, or laser welding. In a further option,
the sealing layers 142, 144 and the conduit layer 122 are sealed together. For example, the layers
122, 142, 14¥8RAB4IP18Y together through thermal bonding, adhesive b&rdiig 24t O8?33';0Idering,
welding, ultrasonic 25welding, diffusion bonding, heat sealing, etc. In a further option, layers 122, 142,

144 17 SUBSTITUITE SHEET (U 26, SO NG 0 e aglegsbesire In v

another option, layers 122,"1 44 could be built up and selectively etched as is done for MEMs and

integrated circuitgyT ha oy 32BuldR MikeiB-a0plieReinaide ape,MRIE Hangiagegions 5369

allowing for flowing adhesives or other bonding agents sq that layers can be bonded without the
functional compaigites. the conduit channels, or ports also being bonded. In a further option, the one
or more featured layers include barrier features, such as, but not limited to, physical barriers such as
ridges, or recesses andipe ¢hemical bantjdrsthahseptoataicbnitingereions fomlifigregional regions
and/or 10prevent bonding material from entering function regions. In a further option, one or more
of the sealing lays6$ dilRyidd4onfitwies athesirenarethorteidioghageats se-hetlanmprantbe one or more
ports 150 can include an inlet 152 and an outlet 154. The inlet and outlet 152, 154 are positioned
within the sealindaled $dthaidhet factimplaarivitytechpkurduttrhsandecs Ped020bEHE such as
15fluid fuel can travel in through the inlet 152, through the recess 130, and out of the outlet 154. The
one or more portbondedorpvadartftoptianba eation IR R aveR 4o rERT EfFSnents to
which the manifold 120 is coupled, such as, but not limited to, the fuel reservoir 1@8 (Figure 1A) or the

fuel cell 102 (Figtivehas) bit arbliraitsd o Rbysiak TRTEes Suh 8 G IEsS: I HERTOMILSD as a fluid

distribution 20system where there is a singl% inlet and multg)le utlets so that the g}anifold 120 feeds
chemical barners that separate bonding regions rom functional regions and/or

10 prevent bonding material from entering function regions.
In a further option, one or more of the sealing layers 142, 144 includes one or
more ports 150 therein. For example, the one or more ports 150 can include an infet
152 and an outlet 154. The inlet and outlet 152, 154 are positioned within the sealing
layer 144 such that they are fluidly coupled with the recess 130. Material such as
15 fluid fuel can travel in through the inlet 152, through the recess 130, and out of the
outlet 154. The (;ne or more ports 150 provide fluid communication between the
manifold 120 and components to which the manifold 120 is coupled, such as, but not
limited to, the fuel reservoir 108 (Figure 1A) or the fuel cell 102 (Figure 1A). It
should be noted that it is possiﬁle to use the manifold 120 as a fluid distribution
20 system where there is a single inlet and multiple outlets so that the manifold 120 feeds
multiple locations. For example, the manifold 120 could be used as a hydrogen
distribution with a single inlet and multiple outlets so that the manifold 120 feeds
multiple locations on a fuel cell layer.
In a further option, a filter element 131 can be incorporated into a part of the

25  flow path. For example, the filter element 131 can be disposed within the recess 130,
18
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multiple locations. For example, the manifold 120 could be used as a hydrogen distribution with a
single inlet and multiple outlets so that the manifold 120 feeds multiple locations on a fuel cell layer.

In a further option, a filter element 131 can be incorporated into a part of the 25flow path. For example,
the filter eleMéhtP811é8 be disposed within the recess 130, 18 SUBSTI‘FG?E%?Q%%?SEEQULE 26) as
shown in Figure 3A. In another option, the filter element 131 can be disposed within the ports 150,

such as the inlet 152 The filter element 13%ca0inGHI46 FRArermeHDBI A Yeligusgonstricting

element. In another option, the filter element 131 can define the recess 130. The filter element 131

disposed within theyecessdR0138NdiaH shepaits: 159 assisindnaananting caliapsifgaof the recess
130 and/or port 150 for instance, when the fluid-manifold 120 is bent around itself or other components

within the fuel celsysiambshak SXxample coNarimosRIRe6SSesnbdlmdpitbnetite fittdrefentbet first side
124 to the second side 126 can be disposed within the conduit layer 122. The two or more recesses

130 can be formedmithigethe: tangaiistalsr. 128estich di@rtieat i3d¢ydtipased mttisabe wittsphglanother in
the conduit layer 122. Alternatively, the two of more recesses 130 can be formed within the conduit
layer 122 sush thaiithesheparnscribassists inpravoting dolipsiogeddie myess138, apdéreeEss 830 extends
along the conduit layer 122, and allows for material such as fluid to flow therethrough. Referring again
to Figure 1A, thefbuiditacontvdiesybefvitonanénid é20:49 dpataspasditsabtor OHACAREVIESr more
featured layers. The featured layers 300 each include features thereon and/or therein. In an option, the
featured layers 38thtinehsofird iy e aFRtREHIF e AP ROTIERCESERs 1l REiLFEd term
"gas-tight" may be understood to refer to a bond that is impermeable to g Eﬂ% . For example, the bond
may be substantig it EFFhEAs b n i serendiids @W@Oﬁéﬁgt © "i‘% 1tf1ea§ﬁ§res provide
one or more portions of a functional component of the fluidic, cantrol syste 4. 2 n the featured
layers 300 are diéﬁ%s@%‘b‘fﬁ@ém‘%e&?fg%ﬁ%ﬁéﬁafég u%)er%n 8%‘8%’?&3%/? %r}gué}r%gam ggsg(t: er with
features of another layer, either physically, functionally, or both.and }?ﬁ tiqns.offuagsiogal
componentg%ro %ﬂggg SMBPEIm 8%%“8%%?3‘%&%8 %%%ec?r%%%%g ts %?' theqﬁtljgi!ld cor%rol system

two of more recesses 130 can be formed within the conduit layer 122 such that they

do interest with one another in the conduit layer 122. The recess 130 extends along

the conduit fayer 122, and allows for material such as fluid to flow therethrough.

Referring again to Figure 1A, the fluidic control system 104 includes a layered
15  structure that has one or more featured layers. The featured layers 300 each include
features thereon and/or therein. In an option, the featured layers 300 are sealed with
one another, for example, wiﬂx a gas-tight seal. The term “gas-tight” may be
understood to refer to a bond that is impermeable to a fluid. For example, the bond

may be substantially impermeable to hydrogen at or below 350 psi or 2.5 MPa.

20 The features provide one or more portions of a functional component of the
fluidic control system 104. When the featured layers 300 are disposed a;ijacent to one
another, features on one layer are brought together with features of another layer,
either physically, functionally, or both and the portions of functional components

brought together form one or more functional components for the fluid control system

19
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19 SUBSTITUTE SHEET (RULE 26) 104. For example, a first portion of a first component is formed
on a first featured layer, and a second portion of the first component is formed on a second featured

layer. The first featured layer and the second featured layer are brought togﬁther fé)r, eé,%mple, but not
limited to, by @20R¥JIHA first and second featured layers, and the Sfirst p SR econd
portion are brought together to form a functional first component. The fluidic control system 104

can include one pmege Qiﬁﬁg?&taf ERGLIRNRAL £ SMPOREAI MRS BHhEPbIMIRd feuradeleast one

pressure regulator component 200, check valve component 230, or flow valve component formed of

features of one g0 FArE Jealk gaEss B0 Tsipaiees:CRRRE op Assinplerientbd layer to

collectively form a functional component. In another option, the features can be on multiple featured
layers to collectivgly:fore & ssiaral RomRaen shRenmulid txfeatuedtdagieme@@iearused to form
the functional component, it is possible to build multiple function components into a single assembly of
multiple featurec:jaygike, Garnbb linttados, tf afitkingahefosentd sdorndddagirath lexcfaamddelayers, a
second or third component requiring three or less featured layers can be formed on the same featured
layers, albeif renfinteffoctinithedéatseesndiibrtdirsrdimovigdriapgohaonénm a fupgiessAyste of a functional
component is a pressure regulator component 200, for instance as shown in more detail in Figure 4.
The pressure regofapor@@mponent 20 200 is formed, in an option, on multiple featured layers 300,
where features on each layer 300 provide a portion of the pressure regulator component 200. In an

example, the featured layers 300 includes, but is not limited to, one or mgre of a first. Iaygr 204, a
second layer 206, a thi 1%@/‘@4@0@,“8!"55?6%ll%/é?ﬂz’@gl.“flﬁé’%ee%??ﬂrfagéf% fUnGi9I8ed between

he first | 2 [ ' '
e firstlayer 204 and he 11 layer 203 o e V51988 20 BRI RHGET (RULE

check valve component 230, or ﬂow valve component formed of features of one or
10  more featured layers 300. The features can bé on a single featured layer to
collectively form a functional component. In another option, the features can be on
multiple featured layers to collectively form a functional component. When multiple
featured layers 300 are used to form the functional component, it is possible to build
multiple function components into a single assembly of multiple featured layers. For
15  instance, if a first component is formed on three featured layers, a second or third
comi)onent requiring three or less featured layers can be formed on the same featured
layers, albeit remote from the features of the first functional component.
An exampie_of a functional component is a pressure regulator component 200,
for instance as shown in more detail in Figure 4. The pressure regulator component
20 200 is formed, in an option, on multiple featured layers 300, where features on each
layer 300 provide a portion of the pressure regulator component 200. In an example,
the featured layers 300 includes, but is not limited to, one or more of a first layer 204,
a second layer 206, a third layer 208, or a fourth layer 209. The second layer 2061is

disposed between the first layer 204 and the third layer 208, and the third layer 208 is

20
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disposed between the second layer 206 and the fourth layer 209. It should be noted that fewer or more
than four layers can be used for the pressure regulator component 200. The layers can be formed of
relatively thin sheets of material. Suitable materials include, but are not Ilmltrlg-:;g toﬁorlﬂ&;@sielastomenc

material, pla¥f ¥ IBBEopper, 5 copper beryllium alloy, aluminum, stainlsss Steel. actylic, silicon,

olefins, epoxies, polyester, brass, polyvinylidenefluoride (PVDF), hexafluoropropylene vinyldyne

fluoride copolyme, ot cORINRANAAS dhEtRAbver TbERIGESURTRGMAIDCARGATARD defined in
part by a first side 16 and a second side ZIZ. In an option, the first layer 204 forms the first side 210,

and the 10 fourthylaver. 209 famesitherearnersidn B4 2sdihm fitsl sieisd Lopuldior dhejserand side 212,
in an option, can be configured to cooperatively interact with adjacent components of the fuel cell

system. For examgje ihe{aaes sob:Iersad fodtardhcio shtrnasuidedistriBuitidiermatifoilis, or face
seals can be placed around the outlet 221 etc. 15The first, second, third, and fourth layers 204, 206,
208, 209 correspaadds fratdeeddipeatadabhe:thljdlascontral swastent, PB4ttt whbedcprPABted that
although Figure 4 illustrates a single pressure regulator component 200 formed of features of the
featured lay@rs, itdpeobteyiiplatetidhaimmitipte seinlkasctsadarrblidorlran.ofofies saiPdyers, resulting
in co-planar regulators. For instance, at least one primary 20 pressure regulator component and one or
more secondary pelgmm@w@ﬁ@mb@é@ﬂ#ﬁé@éﬁ@%}e‘?%ﬂﬂ%@@%@%ﬂf‘é“?é@ﬂ%ﬂ?"component 200
can further include a switch, such as valve 208 of Figure 9, allowing for the operation of the fluidic
control system 1@4&6@\0@@&5@%@6@@?@@‘% H?ﬁW&Fy pressure regulator component to using the

primary pressure regulator component and one or more secondary regulators. The,u 5af the thin
sheets or layers to mak@ﬁ@ﬁﬁ%%l@@%ﬁ?@?@@ﬁiﬁé&oﬁr‘%]&ﬁéﬁ%pgﬁ(? &i%ﬂélgﬁ‘?ﬁﬂz SHEET

(RULE 26) secondary pressure regulator.co ogr%pltg all?%fﬁ)}%n%ll_t" Ler S&e&%aétﬂgsa}% e, fabricated at

|
the same time, anhderonf sidsidw 5T IAEBIRBUEH S GRS o the regsu a‘{)ors to be set, and can be set, at

least in part, on the relptve 5igc of 16 f1st YRt A% PHDiGKRGSS SfdRARYSh e slastisdy of the
yer, a flexibility §et. or :
212, in an option, can be configured to cooperatively interact with adjacent
components of the fuel cell system. For example, the faces can be used to interface to
planar fluid distribution manifolds, or face seals can be placed around the outlet 221
etc.
15 The first, second, third, and fourth layers 204, 206, 208, 209 correspond to
featured layers of the fluidic control system 104. It should be noted that although
Figure 4 illustrates a single pressure regulator component 200 formed of features of
the featured layers, it is contemplaied that multiple regulators can be formed on the
same layers, resulting in co-planar regulatqrs. For instance, at least one primary
20 pressure regulator component and one or more secondary regulators can be formed on
the same layers. The;: pressure regulator component 200 can further include a switch,
such as valve 208 of Figure 9, allowing for the operation of the fluidic control system
104 to switch between using the primary pressure regulator component to using the

primary pressure regulator component and one or more secondary regulators. The use

25  of the thin sheets or layers to make the primary pressure regulator components and
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5combinations thereof The pressure regulator component 200 has a high pressure inlet 221 and a
low pressure outlet 223. The layered structure of the pressure regulator component 200 allows for the
outlet pressure to be regulated while the inlet pressure can vary. Referring again to the first layer 204,
it can serve & AutB&1BF%unctions, and includes 10 a number of features %ﬁﬁgéﬁm%?%?étance, it
provides a diaphragm 220 and a cap to a low pressure plenum 214 for the pressure regulator

component 200, yigie G RN, RISSHIE ASAINA1EdAJ TOFR AEMERDIR S lyer 204 and the
e

second layer 206. Th layer 202 s formed, in one option, of elastically deformable material, and

further optionallygactuaiastit. Gaaioe a2t inevak he astyalisessiemies 2Bl s the

elastically deformable material. Suitable materials include, but are not limited to, elastomeric material,

plastic rubber, cQpREkeEARRBENBEHUE RISV P 1N FiRINeSEsieRhdfiagdaperQivtirations
thereof. In another option, actuation of the regulator valve 216 can be varied via a thickness of the

layer 204, for exapiessvbiate laysa! de4lsaditelastie tompeafienibilinedfine|aper,204 further provides
an elastic 20 spring force to counteract the force from pressure in the low pressure plenum 214. In an
option, elastit stittissaaiiatusbfayer 204 determines the output pressure of the regulator. The
pressure regulator component 200 further includes an actuation member 228, where the actuation
member 228 is disposebhthpougensuenimgRodnehtRB0deascnkighpsess o6, iSO BIAFIOME SHEET
(RULE 26) The actuation member 228 provides a contact between the valve 216 and the
elastically defornpgsraunendeil 4. tHslexaredesmonrs P B RESTHE resul e R RSERTO8r 228
includes a member that is disposed between the valve 216 and the first layer 204, or the member can
be integral with tARORFSEIBErEt PREFSIFR Rl T oriates BhilcoRaLIArFSSEF 58% Y another option, the
actuation member 228 can be formed in}e raltr,g?gor as part of la e%)N208f n &nog%)tia%g,ith é:stuation
member 228 inclREETLEAFPILRS 1ih ﬁygfnj TES R PSS BERTEEh thE TSt 1AYer 504 and the valve
216. In anotféer option, the actuation member 228 includes a. rojae tio?jrd's gd.between the first
layer 204 an théP {}3“}%65‘1%}39%8?1 perléegélu rgoiﬁl?ﬁtgl}g%%%g‘sng e pﬁeIa ma%fz?a I?

a low pressure plenum 214 for the pressure regulator component 200, where the low

pressure plenum 214 is formed between the first layer 204 and the second layer 206.

The first layer 204 is formed, in one option, of elastically deformable material, and

further optionally actuates the regulator valve 216 through the actuation member 228

15  via the elastically deformable material. Suitable materials include, but are not limited

to, elastomeric material, plastic rubber, copper, copper beryllium alloy, aluminum,

stainless steel, brass, or combinations thereof. In another option, actuation of the

regulator valve 216 can be varied via a thickness of the layer 204, for example, where

fayer 204 is an elastic componenf. The first layer 204 further provides an elastic

20 spring force to counteract the force from pressure in the low pressure plenum 214. In
an option, elastic stiffness of the first layer 204 determines the output pressure of the
regulator. The pressure regulator corﬁponent 200 further includes an actuation

member 228, where the actuation member 228 is disposed through an opening 201 of

the second layer 206.
22
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10 drops below the desired output pressure of the regulator, the diaphragm 220 of the first layer 204
presses against the actuation member 228, such as the ball (Figure 7C), and the actuation member
opens the valve 216. Several options for the actuation member 228 are possible. For instance, in
an option, th¥ @R8It be made integral with one of the diaphragm 236 T{FAHMEHEF 5 option, the
actuator can be formed of a spring member, such as, but not limited to a leaf spring. The leaf spring

optionally cantilevers, ap forms the, AcluaIan dn-80RIeY QIR LR RENEHEANBe! S:aipesed adjacent

the sealing valve. In another option, the actuator can include shape memory alloy material, allowing for

further options fogiagiuafioN.RlHSRSHALAR 1T ¥Rt AROIARE ODHOM, theaaiAotis aaerhaving a pinch

20 shape, providing a projection therefrom. The shape can also be a ball member, or other shapes. In
another option, coipressiyenmalesiamiiabading: B Hotldbtedden mspiing 2ibcspdediton a bottom
layer, such as the fourth layer 209" and optionally in the relaxed position places the valve in a sealing
position. Referriog te ihemmeabaciayier dGGraheidedentrialor2etine fesdaumper of
25features such as a portion of the low pressure plenum 214, and separates the low 23 SUBSTITUTE
SHEET (RUBE 26)rtretediestiirennoflhfooththeptigh, tresstwatiptanember 228 sapciediontivdr option,
the second layer 206 further provides a sealing seat 218 for the regulator valve 216. The third layer
208 defines a poitizgrellyie g résavae2Bfontiramasion, thetrepeirpoenRit wthitrRdsond layer
206 and the fourth layer 209. The third layer 208 5further includes the regulator valve 216. The
regulator valve 2 spheres athalbiFgig) KO Hinpensitrrvegn thecirsbiaysh 204 aptihe YARSANe 216 is

formed within layer 208, such that the valve 216 is integral Wﬁzh the I?}.%/er 20 Withg t the need for
additional, discretd ¥hSHRARHE: Wéﬁ%&“&ﬁ?ﬁh‘?‘tﬂég}é‘l‘%}& $8 PEPIREPHRRRRETRREYSS can also

serve as the actuation 10 member 228. In a furthey, pption, the valye 216 includes.a bo 22, a seal
224, and a springﬂ?ﬁgﬁﬁb@?’?fé}.*ﬁ?é%’ﬁd’fjﬁg[t%s%g%g %gﬂrﬁwlgréﬁen? 0l éﬁ%%%%??hmﬁd%g%molded

therein. The, hody, 222 is.coupled with the spring me [ 226, for %gm%’% RYleYEf,sPring, which
allows for th val%oaiée%g%e e f%l%mmfﬁg%%%usrg n}gggifﬁ%ﬂaﬁtﬁe ope po%(‘leﬁon, and from the open

B ey BROBRRSEN LN AR UEARh 24t 23 [RCA TRe BARPRIGDYCION O
|

stamping, laser cutt g; die cutting, deposition, printing, machining, molding, and/or electroforming the

member in the Iaxgg lowing i Asmingike altacimenkwithin layer 208. Other options for the spring
€,

member 226 inclu ut are not limited to, a deformable member such as a ball, an elastomeric or
deflectable region on layg(9% e aP e abichtRh teRisieimrsablsonRmirbaobrisuntbeivaive 216, or

as part of layer 209.

option, the actuator can be made integral with one of the diaphragm 220. In another

15  option, the actuator can be formed of a spring member, such as, but not limited to a
leaf spring. The leaf spring optionally cantilevers, and forms the actuator. In another
option, a spring member is disposed adjacent the sealing valve. In another option, the
actuator can include shape memory alloy material, allowing for further options for
actuation of the actuator. In yet another option, the actuator is a layer having a pinch

20  shape, providing a projection therefrom. The shape can also be a ball member, or
other shapes. In another option, compressible material, including, but not limited to, a
spring, is disposed on a bottom layer, such as the fourth layer 209,, and optionaily in
the relaxed position places the valve in a sealing position.

Referring to the second layer 206, the second layer 206 includes a number of

25  features such as a portion of the low pressure plenum 214, and separates the low

23

SUBSTITUTE SHEET (RULE 26}



The spring member 226 and the valve 216 are disposed within the high pressure plenum 215. A fourth
layer 209 of the regulator 200 is disposed adjacent to the third layer, and caps the outer portion of the
valve 216, for example the bottom of the valve 216, and optionally provides an inlet 221 and an outlet

223 for the r@YURRESAZEBH0. The inlet 221 is fluidly connected with the hidHBIe&2Matum 215, and
the 24 SUBSTITUTE SHEET (RULE 26) outlet is fluid connected with the low pressure plenum 214,

for instance, thrayah, nortsdisnasedwithin issseanst/BuenA0R anhtha sisthiaupiadine  In an

example operation of the pressure regulator component 200, fluid, such as fuel, enters the inlet 221

and fluid from the nlgh 2266 Suiiee iR dUDh Repvs R EIPIEfYMEBu ke Hlid Rsheripasses

through the open regulator valve 216 into the low pressure plenum 214. The valve 216 is open due to

the low pressurerifirByore PfeREER Plaition. ATHBiAWBIess RiuenIf filfrtercases in pressure,
first layer 204 is deflected toward 229 until the actuation member 228 pulls free from the regulator

valve 216, closingtiperufibrevaiifiagainstdiy ac62if, tha doimitiagep A89s Fbetbiid HeidfiSpressure
plenum 214. Pressure in the low pressure plenum 214 drops as fluid in the low pressure plenum 214
drains through thiarthittételode 282, rEhitarawsbs thidfirst layer 204 to deflect away from 229, causing the
actuation member to reopen the regulator valve 220 and start the cycle over again. As mentioned
above, the fuel system Todfrmilatisy dve Dicreesis thacreepias P b yithir iBcsaipeiaeAty: iltRiting, but not
limited to a pressure regulator component 200 and check valve component. The check valve
component can tsetigedhroyalimy! & RirressbRigin ke 208 fuch hatdhs ¥pbhes 8 M example of

a check valve component 230 having one or more featured Iaéers 300. For instance, the featured

layers of the che¥ityAhsdBGHAREIROS Prrsatder pdloneh UsLqiG FALRPRFLtYa 32, a second

layer 234, and a third layer 236, where the secand laye 4 is disposed between the first layer 232
and the third Iayé’rpﬁg%’.%% ﬁ?&%@%ﬁg mﬁ%ﬁa@%&éé@%ﬁ& %?r?ﬁea% %’c CVAIVe component 230

can be formed on (e samie fealegaveis.of e\’ (G AR BLEI TR AT JEIuENg, but not
pressure regulator component, the manifold, etc.

spring member 226, The body 222 has a seal 224 therein, for example, that is molded
therein. The body 222 is coupled with thé spriﬁg member 226, for example a
cantilever spring, which allows for the valve 216 to be moved from the closed
position to the open position, and from the open position to the closed position. The

15  spring n_iember 226 can be formed for example by etching, stamping, laser cutting, die
cutting, deposition, printing, machining, molding, and/or electroforming the member
in the layer allowing for a spring-like attachment within layer 208. Other options for
the spring member 226 include, but are not limited to, a deformable member such as a
ball, an elastomeric or deflectable region on layer 209, a member, such asa

20  deformable member below the valve 216, or as part of layer 209.

The spring member 226 and the valve 216 are disposed within the high

pressure plenum 215. A fourth layer 209 of the regulator 200 is disposed adjacent to
the third layer, and caps the outer portion of the valve 216, for example the bottom of

the valve 216, and optionally provides an inlet 221 and an outlet 223 for the regulator

25 200. The inlet 221 is fluidly connected with the high pressure plenum 215, and the
24
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25 SUBSTITUTE SHEET (RULE 26) The first layer 232, in an option, provides a cap to the check
valve component 230. The second layer 234 includes an elastomeric member 238, and the third layer
236 has an inlet port 240 and an outlet port 242 therein. It should be noted the inlet port 240 and the
outlet port 2X0cEABHA N Hned on different featured layers. The 5 elastomgﬁzlmgp%é% is
compressed against the inlet port 240, and seals the inlet port 240. In an option, the elastomeric

member 236 is fQURGA AR AEANGS IPhe Hw s BrARion e clasiRscnicnaTbas 238 Is a
In

separate component inserte to a featured formed in layer 234. In yet another embodiment, the

elastomeric mempey, 238 InEidES 08 R1ijR- W nkdhavara B3& 20 and 236 are made from one or

more of materials including, but not limited to metal, elastomeric material, plastic rubber, copper,

copper beryllium alloy, glunindmpisiigandistoinigsspriapteaspisos inseeno20es faddyesthr, brass,
PVDF, hexafluoropropylene vinyldyne fluoride copolymer or combinations thereof. and are optionally
formed by etchings stanspieg, daseletuingidimidukitngtdd phsitibhprkSsprintinhs gk ipreisgremolding, or
electroforming. Layer 234 can be formed, for example by molding or etching material from elastomeric
material. Layer 238nsnexssrigitktiaid Baytrs p8Reatitagh te tznpraviieized iedl Gariadform layer 238
away from the inlet 240. During filling of a reservoir, such as a fuel reservoir, pressurized fluid such as
20 fuel is appliedde thresttet poru@q] 4f e vhlvelk Lalsorondve e thelon. IreisusedmpPie [a¥ filing the
reservoir, the fluid manifold interacts with or can be coupled to the fue] cell or other system
components usireseie Sleavmnofiditles v mETISR PACRIT, A fjacsrntet i RressdT thsk & orce due to

internal fluidic pressures that is forcing the components apart is easily overcome by, the strength of the
P D > ap 228yuIYs %reerg'om¥he 9

adhesive bond AAiis defletiadawryFROSmiERhe aetypkon gjember

regulator valve 216, closing the valve 216 against the seat 218, &nd limiting pressufe

10  in the low pressure plenum 214. Pressure in the low pressure plenum 214 drops as
fluid in the low pressure plenum 214 drains through the outlet port 223. This causes
the first layer 204 to deflect away from 229, causing the actuation member to reopen
the regulator valve 220 and start the cycle over again.

As mentioned above, the fuel system 104 includes one or more micro planar

15  fluidic components, including, but not limited to a pressure regulator component 200
and check valve component. The check valve component can be used for filling a
fuel reservoir. Figure 5 illustrates a cross section of an example of a check valve
component 230 having one or more featured layers 300. For instance, the featured
layers of the check valve component 230 includes three layers, such as a first layer

20 232, asecond layer 234, and a third layer 236, where the second layer 234 is disposed
between the first layer 232 and the third layer 236. It should be noted that the
featured layers of the check valve component 230 can be formed on the same featured
Jayers of the other fluidic contro! components, including, but not limited to thé

pressure regulator component, the manifold, ete.
25
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internal pressure can be counteracted with a bond that has a relatively low tensile strength.  In filling
the reservoir, devices for detachably coupling, such as a pressure activated valve, can be used. For
example, pressure activated one-way valve allows a 5flow of fluid, for example, fluid fuel, into the fluid
enclosure foP2 185318 HYe system. The flow of fuel is allowed into the G &< GHng refueling,
but does nat allow fuel to flow back out of the fuel reservoir. In an option, flow of fuel is permitted to

flow back out of the quinggﬁggy%é{ ﬁag,fm%rﬁﬁﬁﬁl Fdsigves pipsswizatwithikalod@bmegixternal

refueling device can form a seal against a portion of the sealing surface, for example, around the inlet

port with a seal, $4gh figaBBHiNGyer BaskRlufiakisininakieethiiba s §Uidoostdtsystem, and the
fluidic pressure of the fuel compresses the compressible member and breaks the seal between the

compressible membearandiing poriside aaver oianaihendphiesinaehvildimentesthoinhding the 15
exterior of the outside cover may be pressurized with fuel to force fuel through the refueling valve

assembly and intgothe4tietdeeouist por\Mibcatie floelied praifesis tompiéleyete fdfieling fixture is
removed from the valve assembly, and the valve becomes closed. For example, the compressible
member decfmpekssescranadinteic2diesswreiondiaasfnel tesiaobnomh Adlgnthecatidhe éitlet port
exerts pressure on to the compressible member and presses the compressible member against the-
outside cover. ThedaébmprassiivafthciosivprasonsmbariiSds fraret he fRHYBIEdaRE from the
reservoir creates a seal between the compressible member and the outside cover suych th%t fuel does

not flow past the ¥ Srassfbrs AptinthdreRiesiometicaneabrni2d HEre SFPARBICRMBRRTN TS

compressible member and/or the fluid diffusion member c&n be ea?i%ned&lo 217 SUBSTITUTE SHEET
(RULE 26) in to a featured formed in layer 234. In yet another embodiment, the elastomeric

member 238 includes the entire layer. ”

10 Layers 232, 234 and 236 are made from one or more of materials including,
but not limited to metal, elastomeric material, plastic rubber, copper, copper beryllium
alloy, aluminum, silicon, stainless steel, acrylic, olefins, epoxies, polyester, brass,
PVDF, hexafluoropropylene vinyldyne fluoride copolymer or combinations thereof.
and are optionally formed by etching, stamping, laser cutting, die cutting, deposition,

15  printing, machining, molding, or electroforming. Layer 234 can be formed, for
example by molding or etching material from elastomeric material. Layer 238 is less
rigid than layers 232 and 236 so that pressurized fuel can deform layer 238 away from
the inlet 240.

During filling of a reservoir, such s a fuel reservoir, pressurized fluid such as

20 fuel is applied to the inlet port 240 of the check valve component 230. For example,
in filling the reservoir, the fluid manifold interacts with or can be coupled to the fuel
cell or other system components using adhesives working over comparatively large

surface areas to that the force due to internal fluidic pressures that is forcing the

components apart is easily overcome by the strength of the adhesive bond. A high
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SUBSTITUTE SHEET (RULE 26}



intentionally fail if the pressure in the fuel reservoir becomes too great, or greater than a predetermine
amount. In another option, a fluid coupling assembly can be used to couple the system with
another component. The coupling assembly includes a first coupling member, a 5 second coupling
member, an¥Q 3¥8(1H&¥hber therebetween. The first coupling member abf e 88ESAFEbupling
member arg magnetically engagable, such as by way of a first magnetic member and a second

magneti memba g NACIEK Aol ES R, FAGALSIR Bk AL i EUplpauRber and the

second coupling member opens a fluid flow path therebetween. When the coupling members are
disengaged, this JQflid flow path is sealed. Referring again to Figure 5, pressure from the fluid
deflects the elastomeric member 238 allowing fluid to pass by the member 238 and into the valve

plenum 282 that surroupdsitderstaaostionidhasneniasRstobpliseopinglly gravets from the
plenum 282, through the outlet port 242, and directed toward a reservoir, for example, 15 through a

manifold 120 (Figeeabd vAIRe R ih 8esaied: cFof tharpphs pusizart Auitbisetomevey fralwe tilmwiet port 240,
the elastomeric member 238 seats again against the inlet port 240, and prevents fuel from flowing
back out threughftie ifigtidofoRdCmiplarflojtiel, o che Soidaivel comedone fit 3@ggeoupled with a fluid
manifold, for example, along the third layer 236. 20The fluidic control system 104 (Figure 1A) further
includes one or mterflofhedlver of fupbisetipy et ipsathpfuitbretrveiffducneariiging biteiacthe fuel
through the system. The flow valve component is formed on a number of featured layers, where the
featured layers hanteleatfirektSianabaekipe @ﬁg@kﬁbﬁlfﬁé%ﬁibdﬂéﬂ%@m‘ﬁ&@@%ﬁponem can be
formed on the same featured layers of the pressure regulatar 25 component and/or the check valve
component. The PRswitiedie om baslepriceiihsdlsis s FUREIRIJESTYRIUEEYE) actuated using a
mechanical actuation, or a chemical actuation. In another option, the flow valve component can be
actuated using e@ﬁﬁ&é?eé’c‘fﬂﬂ}i%#‘Figure 6 illustrates an example of an electrically actuated flow

valve compopent 260 ot s, o of RErS NS 296 S & DAL IHINLATR iR ayp component

surface, for example, around the inlet port with a seal, such as an o-ring or gasket.
Fuel is in;ﬁroduced into the fluid control system, and the fluidic pressure of the fuel
compresses the compressible member and breaks the seal between the compressible
member and the outside cover. In another option, an environment surrounding the

15  exterior of the outside cover may be pressurized with fuel to force fuel through the
refueling valve assembly and into the fuel reservoir.

When the fueling process is complete, the refueling fixture is removed from
the valve assembly, and the valve becomes closed. For example, the compressible
member decompresses, and fluidic pressure from the fuel reservoir through the fuel

20  outlet port exerts pressure on to the compressible member and presses the
compressible member against the outside cover. The decompression of the
compressible member and/or the fluid pressure from the reservoir creates a seal
between the compressible member and the outside cover such that fuel does not flow
past the compressible member and into the fuel inlet port. In another option, the

25  compressible member and/or the fluid diffusion member can be designed to
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5264, a second layer 266, a third layer 268, and a fourth layer 270. The first layer 264 provides a cap
for the flow valve component 260. The second layer 266, in an option, includes features to activate
open and closed states for a feature on an adjacent layer. For instance, the second layer 266 includes
a printed restéthVaBidditdayer. The second layer 266 can be used to cont’?girfﬁé‘:’ﬂ%?ﬂi{r “and closing of
the flow valye 10 component 260. The third layer 268 provides actuation for open and closed states,

and is,for examplg {QEEH 9l FHNE MEN MU KANGHPEIIINSIEY Dielio seeans aer 266, for

example. The fourth lay provides a valve seat 272, inlet and outlet ports 274, 276, and a base
278 for optional gfiachmpentio Afiuig manifold 120 (Figure 1A). In an open state, energy such as heat
is applied to the actuator 279, 15 and the actuator 279 is-moved away from the valve seat 272. For

example, electrical currgniflonsinepthnoudinm esistive daeiitandae bsesd 1 beailhbeshapmmemory
alloy, allowing for the actuator 279 to curve up and away from the valve seat 272. In the closed state,

the actuator 279 {sfprasske agatsiciie Tabwarssidig2éembly dediddhe Sahversplin@2mber, mstance, the
shape memory alloy is allowed to cool, and return to an 20undeformed state to press against the valve
seat 272. The fluigiondascplisgsiem kO laisi fosaat cdrahteatheetbtayers. 30 thest perephing with one another,
and includes a number of components formed as a result of the interaction of the layers 300. The
components of theefalidiersbtigcbsysiawupldg nctktingeuranstiiphivezazate SathorfdB M abre of a
pressure regulator component, a 25 check valve component, or a flow valve component are each
formed on one orhadistoagutic maubrEasirEETopd DRgnols membreberye AtestrdaiaREss share
featured layers 300. For example, features of the pressure regulator compgpent ma%/ be on the same

featured layer 30@@§%@g§?@5§f&%@ﬁ@a@m%ﬁ@rﬁﬁﬁﬁ%ﬂﬁgﬁﬁwm COH5BRent.

Figures 7A, 7B, and 7C. illustr n example of the fluidi ntrol m.,. )
gures 14, ’ %guidcﬂogsgaf%t%e%bgtw%cnp %\f?lertxt eclf(l)gp(figgo rr}e?nbseség%%e disengaged, this

10 fluid flow path is sealed.

Referring again to Figure 5, pressure from the fluid deflects the elastomeric
member 238 allowing fluid to pass by the member 238 and into the valve plenum 282
that surrounds at least a portion of the member 238. Fluid optionally travels from the
plenum 282, through the outlet port 242, and directed toward a reservoir, for example,

15 - through a manifold 120 (Figure 1A). When the source of the pressurized fluid is
removed from the inlet port 240, the elastomeric member 238 seats again against the
inlet port 240, and prevents fuel from flowing back out through the inlet port 240. In
an option, the check valve component 230 is coupled with a fluid manifold, for
example, along the third layer 236.

20 The fluidic control system 104 (Figure 1A) further includes one or more flow
valve components for example, to shut off fuel, and/or to direct the fuel through the
system. The flow valve component is formed on a number of featured layers, where
the featured layers have features. Similar to the check valve component, the flow
valve component can be formed on the same featured layers of the pressure regulator

25  component and/or the check valve component. The flow valve component can be -
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5104 with featured layers 300, for example featured layers 301, 302, 303, 304, and 305, each having
features. The fluidic control system 104 includes at least one of the following components: a pressure
regulator component 200, the flow valve component 260, a charge valve component 340, or a
pressure reliBCHHBHAES 322. It should be noted that one or more of the" &ORPSHEAY¥EN be
included, and are 10optionally co-planar with each other. The featured layers 300 form compound

structures providiag fainteyatsd s Gieuishel inalusislaversith mulipls-fepsssmsacked and

joined together. The features of the featured layers 300 collectively form functional components. The

layers can be mqypiadiop @mpsierakmanitoldicardfis.roreiiald aanaise. Tadnieerategdbas part of the

layered structure. For examplée, portions of the layered structure can continue through multiple layers
forming a conduiithsaraiebeatayrisian aondieface with aanmpaaeMsistehhas duebresarvoir and the
fuel cell. The layers can be formed and assembled as an array of parts held together on a larger
sheet. The layersagees m6idatdth. vaiiauspiacebsdssualvasphponett RhftéoktoddG éshlagsrstamping,
laser cutting die cutting, deposition, printing, machining, molding or electroforming, allowing for ease of
manufacturesof a2Ergeseumbinyef 2 poiaiaycFao & xamploushiayys Rts Tamilret lavsedfdied at the
same time, and then removed from an array of several of the same or similar sub systems. Multiple
components canpvevirsitanept fior Swclovtivelvesampanertc (il cFhesrerBeiyE 2ofulipie aR@mblies of
25components can be built concurrently from the same sheet of material forming the 30 SUBSTITUTE
'SHEET (RULE 28¥lwdgefeainmssirpctiieisopes andkalardisiatsamuidieaius ors 2a RS8N be held

and sealed together for example, but not limited to, using gne or mare of the L%)!I{Iow' techniques:

gluing, adhesive BSHBRATCtEIHISFIHAHSS 2ARARSIIACH SRRGSH LIFFIT S SBIbERRY. The layers in an

option, include one or more b%ndin regions aIIowlﬂggfor 5 flowing ildsrilgsivlgt 9 g&h@r\peonding agents
so that layers caftBRHSREEARItABIEFEHIRCABRY RS ARBRER R IRELRALITE anneafls, or ports also

being bonded. I8 bt 3RO, ANR.aL T SIS G BYEIS Igtdpaies. such as, but

not limited to, phﬁg%%?%egrrlers such s ri ges, orrecesses and/or cﬁ?‘leﬁngﬁaaﬁak:gmers that separate
bonding regions %ﬂs!%grcéya%lé?%gﬁgﬂ%pgE%X&BI’)PQ[MP&H@H? lg@'ﬁiggm’@d by the
second layer 266, for example. The fourth layer 270 provides a valve seat 272, inlet
and outlet ports 274, 276, and a base 278 for optional attachment to a fluid manifold
120 (figure 1A). Inan open state, energy such as heat is applied to the actuator 279,
15  and the actuator 279 is moved away from the valve seat 272. For example, electrical
current flowing through a resistive layer can be used to heat the shape memory alloy,
allowing for the actuator 279 to curve up and away from the valve écat 272. Inthe
closed state, the actuator 279 is pressed against the valve seat 272, and seals the valve
seat 272. For instance, the shape memory alloy is allowed to cool, and retumn to an
20  undeformed state to press against the valve seat 272.
The fluidic control system 104 is formed of featured layers 300 that interact
with one another, and includes a number of components formed as a result of the
interaction of the layers 300. The components of the; fluidic control system 104,

including, but not limited to, at least one or more of a pressure regulator component, a

25  check valve component, or a flow valve component are each formed on one or more
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10 from entering function regions. The layered structure is made small, nano-fabrication
technologies, and/or micro fabrication technologies can be employed to produce and assemble the
layers. For instance, processes for producing and/or assembling the layers include, but are not limited
to, microfluic® 8ppitatd#! processes, or chemical vapor deposition for 1584 $4435and followed
by a process such as etching. In addition, materials for use in fabricating the thin layered structure

includes, but s npLIER G Y6 RNAmSIMBIRIANG. PIYIeRG: Autpmblogliansifgiet.  The

layers are small and planar. For examp thickness of the layer Is about 10- 500 micron. The layer

is highly planar sychJhiat awidsh kb HIRRRLRE B 2 Shthedayst i g/gales thandthitssgimes the

thickness of the layer. In another option, the width of the layer is greater than three times the thickness

of the layer. It shgld-h&PQLRH SURRSHRRSSIASLIROBSRIRalve confbiRnthe layers are placed adjacent to
one another, the layers are adapted to operatively interact together. It should be noted that one or

more of the componentgi2bean Renepiaced MitktarearayxaipRafahcangonoatsolspstexample, an
individual 31 SUBSTITUTE SHEET (RULE 26) regulator can be replaced with a regulator component

array. The regulato4 andyfoxay:piowee3adaftsrecinipiafitasysid ayas Xin02f 302, 30handapiail to
function, and yet the overall system can continue to operate. It further addresses the ability to
distribute fuel in aachffesthefvenyefolinsthndie thetrebuistton dfrhindadeb etdésiivateef thahe fuel Scell or
fuel reservoir to reduce issues caused by poor fuel distribution. One example of the components
formed by the feéﬂjl@ﬁimy@mﬁmmtﬁesi@%W@W&W&%ﬁé’ﬁ@n@?é@?vﬂﬁﬁ?@s which form
portions of the pressure regulator component 200 are formed on layers 301, 302, 303, and 304. For

example, at leastarpRIBEH S edhrgReprRys GRDBRIKET 1O 16F R BEF BRI 86AmRPREESE 2 portion

It should be noted that one or more of the components can be included, and are
10  optionally co-planar with each other.
The featured layers 300 form compound structures providing for integrated
fluidic circuits that inclnde layers with multiple features stacked and joined together.
The features of the featured layers 300 collectively form functional components. The
Jayers can be mounted on an external manifold, or the manifold can also be integrated
15  as part of the layered structure. For example, portions of the layered structure can
continue through multiple layers forming a conduit through the layers, and can
interface with components such as fuel reservoir and the fuel cell.
The layers can be formed and assembled as an array of parts held together on a
larger sheet. The layers are made with various processes such as, but not limited to, '
20  etching, stamping, laser cutting die cutting, dg:position, printing, machining, molding
or electrofoiming, allowing for ease of manufacture of a large number of components.
For example, sub systems can be assembled at the same time, and then removed from
an array of several of the same or similar sub systems. Multiple components can be
built next to each other on the same layer. Furthermore, multiple assemblies of

25  components can be built concurrently from the same sheet of material forming the
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100f the valve 216 is formed on layer 302, at least a portion of the low pressure plenum 214 is formed
on layer 303, and the diaphragm 220 is formed on layer 304. The features are formed on the various
layers 301, 302, 303, and 304, and the layers are brought together, for example, the layers are
disposed adEEEHEE BHBCanother, and are optionally joined. The featureshhtéf W% atures on the
same or other featured 15 layers and collectively form a functional component, such as the pressure

reguiator compope 200 OIfcl SOMBRNEAHERAER MITISK RN orHeiRKS ayers dnglusing lavers
atfle

301, 302, 303, and 304'Such t atures of one componeht share a layer with features of another

componen, as fyifes discissed Beioyho Al SARTIRIRE feRcas ersdRuinoriasingal

components are co-planar. 20During operation of the fluidic control system 104, fluid such as fuel

enters the fegU'%&QQJ&?ngHEgél&iHéﬁwQ&E%JF,QH&@QI%&@M@@%U&@Jemmng,l&. The high
a

pressure plenum 215 surrounds the regulator valve 216 and spring member 226, such as three elastic

members, hold thg ¥aive. 2H&¢igsrd iaaaipshdacinalve: saaluMessHhRl i vepisactiovdpgfoby the
actuation member 228, such as the actuator ball. When 25 the pressure in the low pressure plenum

214 is belowsthe fiigsignedhesitpyoptebatisendf3Pagdd ST thid Tyt thi-He (Rbddd @@haiiehegulator, the
diaphragm 220 presses against the actuation member 228, which in turn opens the regulator valve
216. When the vélvetidhsl ininprenpcheasition chaides)chr perfugbednifiphondsd. theaiyitheressure
plenum 215 to the low pressure plenum 214 until the desired pressure is reached and the diaphragm
220 deflects enoopfirto haloe thmeeyisrited lyervinslvdchssaer featprs. YRk RéabBE e regulator 200
through an opening 330 and enters the flow valve plenum 332 of the flow valve component 370. The

flow valve compdineited-iasiexiord basriemmurh fs Raeascor FRyerect A Reaven) Yo Rictional

component, such as the flow valve component. The flow valve component, in, this exar,nPIe, IS
separate bonding regions from functional regions and/or prevent bonding matenal

10 from entering function regions.
The layered structure is made small, nano-fabrication technologies, and/or
micro fabrication technologies can be employed to produce and assemble the layers.
For instance, processes for producing and/or assembling the layers include, but are not
limited to, microfluics application processes, or chemical vapor deposition for
15  forming a mask, and followed by a process such as etching. In addition, materials for
use in fabricating the thin layered structure includes, but is not limited to, silicon,
polydimethylsiloxiane, parylene, or combinations thereof.
The layers are small and planar. For example, the thickness of the layer is
about 10 — 500 micron. The layer is highly planar such that a width of a planar portion
20 of the layer is greater than thirty times the thickness of the layer. In another option,
the width of the layer is greater than three times the thickness of the layer. It should
be noted other ranges are possible.
When the layers are placed adjacent to one another, the layers are adapted to
operatively interact together. It should be noted that one or more of the components

25 can be replaced with an array of smaller components. For example, an individual
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10 similar to the regulator valve 216. However, rather than being actuated upon by an actuation
member 228 as in the regulator valve 216, the flow valve component is opened with a pin pressed
against the flow valve component through the outlet port 334. The outlet port 334 can be connected to
a fuel cell 109QRRYBIERD, for example, via a manifold 120 (Figure 1A). 1ETHEANGIL VM ve
component,340 is another component having features formed on one or more featured layers 300 that

interact and collagliely fou fURURn Ak UmBAIABHABBRUIOVER zaikiee abdyanyalve

component 340 includes a spring member 342 of featured layer 302, such as a rubber member,

pressed Sea'i”9'ér%gf%ié‘ﬁtfﬁﬁ'&@i&'&ﬁlp%téﬁf‘agfs@ﬁéufﬁ&lé%&%% Mhemshatinmagdrassure is
applied to the charge port 344, the spring member 342 is deformed away from the charge port 344 by

the charge pressyyg-alloying, 9as donfinus kY spesheBrthenudBébalfeabitd loyixadle The port 346
is optionally fluidly connected to the fuel reservoir 108 (Figure 1A). Mother component that can be

made using a numkar ah different Jeatureshaalryans aQQincludes aapriesdisrdnaaficdmforent 350.
The pressure relief component 33 SUBSTITUTE SHEET (RULE 26) 350 includes a spring member

352 of featured layRi302] serelval & ndbhnerisaam bassahby yealsfed disituport 354 of featured layer
301. The port 354 is fluidly connected to the fuel reservoir 108 (Figure 1A) and when the reservoir
pressure is exceeds a [fPeclesampiaed thalcrentoecsty ifrgme bib e Searised ks g ldrgy2 from the port
354 by 5the pressure in fuel reservoir 108. This allows for fluid such as fuel to flow by, pass through
ports formed by foasevetrtepaoBeBuBBent i o Feafures PhitinBuB PRELRS BSEFeSBECwhich exhausts
to the atmosphere. In an option, the regulator 200, the ch%ige valve companent 340, and the pressure

relief componentresgdatensamiptears N0 Rre-Lmaet eslasst s W APt eRF RS U SR TBRES 1, 346, 354.

In another option, . .
P at least a portion of the high pressure plenum is formed on layer 301, at least a portion

10 of the valve 216 is formed on layer 302, at least a portion of the low pressure plenum
214 is formed on layer 303, and the diaphragm 220 is formed on layer 304. The
features are formed on the various layers 301, 302, 303, and 304, and the layers are
brought together, for example, the layers are disposed adjacent to one another, and are
optionally joined. The features interact with features on the same or other featured

15 layers and collectively form a functional component, such as the pressure regulator
component 200. Other components can be formed on the \_farious layers, including
layers 301, 302, 303, and 304 such that featqres of one component share a layer with
features of another component, as further discussed below. For example, the features
and resulting functional components are co-planar.

20° During operation of the fluidic control system 104, fluid such as fuel enters the

' regufator 200.through an inlet port 221 and enters the high pressure plenum 215. The
high pressure plenum 215 surrounds the regulator valve 216 and spring member 226,
such as three elastic members, hold the valve 216 closed against the valve seat unless
the valve is acted upon by the actuation member 228, such as the actuator ball. When

25  the pressure in the low pressure plenum 214 is below the designed output pressure of

32

SUBSTITUTE SHEET {(RULE 26}



10 an additional manifold layer below layer 301 can be added, and the ports can be combined into
fewer ports, such as one port. Figures 8A and 8B illustrate an example of the fluidic control system
104 formed of featured layers 300 including features The featured layers 300 can be formed by
various techRi§LA988/&1&iR%s, but not limited to etching, etching, stamping PEBIS4EPBIRE die cutting,
deposition, printing, machining, molding, or electroforming, etc. An array of features can be formed on

cach featured yer 0,00 L O LGP ORI SO RGN IS AU ers

together. In an exa‘f’rﬁrﬁg, a second Teatured layer Is stacked on the first featured layers, and the array

offunctional corpgts, TS ORlorally, e eRe (VST IRNR/ R maate

featured layer w ous techniques such as, but not limited to, thermal bon adhesive boding,

soldering, welding, ylrasanicueidingAiffssinn BROGiIAGIBRAH393/RAKE 16w prefadpaiaiad layers 300

include features therein or thereon which form portions of a component of the fluidic control system.

Examples of compangaisief R4dird ekl il Fehddihd Rl ifapiigthe fuddlecaniiotgy stem 104
include a check valve component 230, a primary regulator 212 and at least one secondary regulator

217. Thesprirgpsy ansreadendanyviepdataesel 2, 217 have similar structure, in an option. Features
which form portions of the pressure regulator components 212, 217 5are formed on layers 301, 302,
303, and 304. For exanTpleflaid éasta the rtigul a6t 26 higlymiess wrepieniif mdontestitbhlayer 301, at
least a portion of the valve 216 and member 226 are formed on layer 302, at least a portion of the low
pressure plenumvali4 eiomad’or thydlosoalemnepthpontapATAg iz YalYRcaBPOREENZDA. The

features are formed on the various layers 301, 302, 303, and 304, and the layers are
features on different featured layers that collectively form a functional component,

such as the flow valve component. The flow valve component, in this example, is

10 similar to the regulator valve 216. However, rather than being actuated upon by an
actuation member 228 as in the regulator valve 216, the flow valve component is
opened with a pin pressed against the flow valve component through the outlet port
334. The outlet port 334 caﬁ be connected to a fuel cell 102 (Figure 1A), for example,
via a manifold 120 (Figure 1A).

15 The charge valve componeni 340 is another component having features
formed on one or more featured iayers 300 that interact and collectively form a
functional component, as shown in Figure 7C. The charge valve component 344
includes a spring member 342 of featured layer 302, such as a rubber member,
pressed sealingly against the charge port 344 of featured layer 303. When charging

20 pressure is applied to the charge port 344, the spring member 342 is deformed away
from the charge port 344 by the charge pressure allowing gas to flow by and enter the
port 346 of featured layer 301. The port 346 is optionally fluidly connected to the
fuel reservoir 108 (FigurcllA).

Another component that can be made using a number of different featured

25  layers 300 includes a pressure relief component 350. The pressure relief component
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10 brought together, for example, the layers are disposed adjacent to one another, and are optionally
joined. The features interact with features on other featured layers and collectively form a functional
component, such as the pressure regulator components 212, 217. The pressure regulator components
212, 217 are"gpatisdng18H-planar. The check valve component 230 is formed oM%Y Formed on, in
or 15 disposed on multiple featured layers 300. The check valve component 230 can be used for

fueling a fuelressaypi AL e, el el EaaLeRYer F0P10AB PR, RGBS AEARGD1 (0 he

check valve component atured layer 302 includes an elastomeric member, and the third

~ featured layer 30&1&%@%%&?&&%@%@8@'@&9&&'?JyBPBb%?fHEGH&%fJR showdpeornseddne inlet port

240 and the outlet port 20 242 can be formed on different featured layers. The elastomeric member is

compressed agaigshilYgdnelpasi-340.(andreaals she wie B kadRoir prisiindsilisgef a fluid, for
example fueling of a fuel cell, pressurized fluid such as fuel is applied to the inlet port 240 of the check

valve component,23Q:cHhmpiessw atsapitenibtitdafiodsdbfeeiad omgiomeniertalfevbing fluid to
pass by the 25 member and into the valve plenum that surrounds at least a portion of the member. 35
SUBSTITUTE ShieGTeéRet ik 26) résetebnisndhisedivsts foofiuidepieas st doghttheastlet port 242,
and directed toward a reservoir, for example, through a manifold 120 (Figure 1A). When filling is
complete, the elatiorprimradinbed doaismngaitaydas el o angdantembemney sabofiftatisth flowing
back out through the inlet port 240. In an option, the check valve 5 component 230 is coupled with a
fluid manifold, folasxadfifievaicnexbmuds sethsiampeplera . In arenionnbeseHE P% Gstem layout of
a fluidic control system 104 is illustrated. In an option, the fluidic control system 104 includes one or

more of a fuel refchaieg Vale: SORPeREHEI0 AILNEGHFSTHE REH0 £ORPR DLOmEHBH G ve 206, an
ool VAl 2O O ot 108 scpacncly Brcugh berts £ L4 R M option,
10 an additional manifold layer below layer 301 can be added, and the ports can be
combined into fewer ports, such as one port.

Figures 8A and 8B illustrate an example of the fluidic control system 104
formed of featured layers 300 including features. The featured layers 300 can be
formed by various techniques, such as, but not limited to etching, etching, stamping,

15  laser cutting, die cutting, deposition, printing, machining, molding, or electroforming,
etc. An array of features can be formed on each featured layer, and an amray of
functional components can be formed by bringing the layers together. In an example,
a second featured layer is stacked on the first featured layers, and the array of
functional components is formed. Optionally, the second featured Jayer is joined with

20  the first featured layer with various techniques such as, but not limited to, thermal
bonding, adhesive boding, soldering, welding, ultrasonic welding, diffusion bonding,
heat sealing, etc.

The featured layers 300 include features therein or thereon which form

portions of a component of the fluidic control system. Examples of components of
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The on/off_valve 2_08 turns off the fuel supply if the fuel cell system is turned off The fuel system 104
further optionally includes a connection 211 to fuel reservoir 108 (Figure 1A). The fluidic control system

104 optionally includes at least one pressure 15regulator component 200. In an examg)le the at least

one pressur¥ AEBIRAtEH B mponent 200 includes at least one primary preSSFEPEYHA 05r3§:omponent

212. In a further option, the at least one pressure regulator component 200 includes at least one

primary pressurgeguiaior SRPQRRA] 782i80MRIAHARSIANCORERREAT Y T RSEHTRaregulator

component 217. In an option, the fluidic control system 104, includes 20 multiple pressure regulator

- components 200;sygh@S MUltiple RRCOBEIASYCBHESSUIEEREMIADT. components 217, or an array of
secondary pressure regulator components 217 alone or in combination with the primary pressure

regulator component. Whepriheruehdedtctaddry thgysiem 1s bl ddectslaibtesmidereanedions in inlet
pressure, or when the difference between the fluid storage.pressure, such as fuel 25storage pressure,
and the demandegiideliteanpeesdick feappeiprinudtheressuerd8 BUBSMPURESHERT/(RULE 26)
regulator component, such as a single, primary pressure regulator component, may be used. When
the fuel cell fed byefiersydmmapets3ble3@16RTand/fe Varistonsim FrsasiaeorHangititn 104 can be
configured with both primary and secondary regulators. 5The primary pressure regulator component
212 steps the préégupecsiorplorias formed on Jayer 301, at least a portion of the valve 216 and

member 226 are formed on layer 302, at least a portion of the low pressure plenum
214 is formed on layer 303, and the diaphragm 220 is formed on layer 304. The
features are formed on the various layers 301, 302, 303, and 304, and the layers are
10  brought together, for example, the layers are disposed adjacent to one another, and are
optionally joined. The features interact with features on other featured layers and
collectively form a functional compénent, such as the pressure regulator components
212, 217. The pressure regulator components 212, 217 are optionally co-planar.
The check valve component 230 is formed of features formed on, in or
15 disposed on multiple featured layers 300. The check valve component 230 can be
used for fueling a fuel reservoir of the fuel cell. Featured layer 303, in an option,
provides a cap 391 to the check valve component 230. The featured layer 302
includes an elastomeric member, and the third featured layer 301 has an inlet port 240
and an outlet port 242 therein. It should be noted the inlet port 240 and the outlet port
70 242 can be formed on different featured layers. The elastomeric member is
compressed against the inlet port 240, and seals the inlet port 240.
During filling of a fluid, for example fueling of a fuel cell, pressurized fluid
such as fuel is applied to the inlet port 240 of the check valve compenent 230. The
pressure from the fluid deflects the elastomeric member allowing fluid to pass by the

25  member and into the valve plenum that surrounds at least a portion of the member.
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secondary pressure regulator component 217. Further, the primary pressure regulator component 212
reduces the effect of fluctuating fuel reservoir pressure on the output of the secondary pressure

regulator components 217. The primary pressure regulator component 212 and 2’[510% ge%%ogdary
pressure regtiRfPEEHEBnent 217, and/or the two 10 or more secondary PressUre fegurator

components 217 can be set to different output pressures. -In this configuration, one of the regulators

can provide a lowgy; iy afwien heddushalbisiasiandanaraiensaila ansibar can provide a
e

higher pressure when fuel cell is actively operating. This option can be extended to include multiple

pressures timed {Q,sHPROLLEWIHGHRRGmplOPREALRG Madesdl therfigatcehs, Wiraldding the
modulation of pressures for anciilary fuel cell management functions such as gas purging, water

management etceddgingemitipasasas danteiesaty egbgultioinbampo et sna mesfioy figdtal selection
of the operating pressures, and eliminates a need for a continuously variable pressure regulation

system. In an opfiem fhevpiebstiesalectigntie vieP A1 dis fiovptiont bbb @dyressure
secondary regulator 217 and controls the pressure of the linked output of the multiple secondary
regulators 257. Ittheppressiie isemutichwihe 04 isaotfolhdu mmprialons Bndany et dasire
regulator components 217 is at the lower pressure, while if the valve 206 is open, the output will be at
the higher pressufd.. In an option, one or both of the secondary regulators 217 are pilot pressure
controlled from the fuel 25pressure at the fuel cell 102 (Figure 1A). This allows f rahe fuel pressure at
the fuel 37'SUBSTITUTRP£HE@P Fraved oy slemdsyethy m&?ﬂ?ﬁﬁ]asﬁfé@f@(?%yiﬁressure losses in

the fuel conduits between the regulators 200 and the fuel cell [(Fjgure 1A). As tioned
above, two or maHSEtEha i PBtiRdRe W&Wﬁgoﬁﬂﬁtﬁgh}&d&éﬁgﬁ ang ormaie O AL

1aie Contro syst%m 04. For
e e TR A A FE B s s et
increments,, The requlatars 214 in.he araywolld each.faye JTETgePLIRYRTESEHE A).
The on/off valve 208 turns off the fuel supply if the fuel cell system is turned off. The
fuel system 104 further optionally includes a connection 211 to fuel reservoir 108
(Figure 1A). |
The fluidic control system 104 optionally includes at least one pressure
15  regulator component 200. In an example, the at least one pressure regulator
component 200 includes at least one primary pressure regulator component 212. Ina
further option, the at least one pressure regulator component 200 includes at least one
primary pressure regulator component 212 and/or at least one secondary pressure
regulator cdmponent 217. In an option, the fluidic control system 104, includes
20  multiple pressure regulator components 200 such as multiple secondary pressure
regulator componenfs 217, or an array of secondary pressure regulator components
217 alone or in combination with the primary pressure regulator component.
When the fuel cell fed by the system is able to tolerate wide variations in inlet

pressure, or when the difference between the fluid storage pressure, such as fuel

25  storage pressure, and the demanded delivery pressure is low, a primary pressure
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The fuel cell pressure is easily fed back through the conduit back to the physical location of the
pressure regulator components. Additionally, the unregulated 10 gas pressure can be used to provide
mechanical power into the system for actuation of valves due to the multiple stages. This allows for the
system to op¥fEEIF Bninimum of external energy inputs. In a further gﬁéﬂf‘%ﬂ@’g‘?g‘?é’ure regulator
components can be made at the same time from a single sheet of layered material, it is possible to

nave a single et feRflpg. UNAR (EQNEIQTGRIIPORRALS W RUNEIRASQHIGIoncns, METhECS f0r use
S 10

. . T 5 . . .
with or for making the above-described device are a ows. For inStance, in an option, the method

includes a methqg far (inaing.arflidia seniioaYsiash iDakibRdJesming #ideastenendnst feature on

one or more featured layers, forming at least one second feature on any of the one or more featured

layers, and 20intgraciivehhassaeiatiog the i deaskare Wit aiyewihesatdedsiyone second feature

and forming at least one functional component. In an option, the method includes interactively
associating the atlaasfopne first feature with the at least one second feature includes stacking the one
or more featured layers, where forming the at least one first feature or the at least one second feature
includes etchiing, stampimng,p3SaSly BeIsit/kEuGitir EF(ROLE 216)stasaheptistyrdivwatiimgheleposition,
printing, machining, molding, or electroforming a feature on the one or more featured layers. In a
further option, formioniaty passaradgietivraigomp3éTH Fiokbos ShoPiRE DPEBEIH BBt least one
pressure regulator component, at least one check 5 valve component, at least one flow valve
component, at leasnpprettith redinenibaefiechrsdhinatine fusd BpBNeR BT eR S TR component.

In yet another option, forming the at least one featured layer includes forming the at least one featured
layer of the secondary pressure regulator components 217. The primary pressure regulator

component 212 and the secondary pressure regulator component 217, and/or the two

10 of more secondary pressure regulator components 217 can be set to different output
pressures. -In this conﬁgﬁration, one of the regulators can provide a lower pressure for
when the fuel cell is in standby operation, while another can provide a higher pressure
when the fuel cell is actively operating. This option can be extended to include
multiple pressures tuned to support a wide range of operating modes of the fuel cells,

15 including the modulation of pressures for ancillary fuel cell management functions
such as gas purging, water management etc. Using multiple secondary pressure
regulator components allows for digital selection of the operating pressures, and
eliminates a need for a continuously variable pressure regulation system.

In an option, the pressure selection valve 206 controls flow io the higher

20  pressure secondary regulator 217 and controls the pressure of the linked output of the
multiple secondary regulators 217. If the pressure selection valve 206 is off, the
output of the secondary pressure regulator components 217 is at the lower pressure,
while if the valve 206 is open, the output will be at the higher pressure. In an option,
one or both of the secondary regulators 217 are pilot pressure controlled from the fuel

25  pressure at the fuel cell 102 (Figure 1A). This allows for the fuel pressure at the fuel
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of metal, of elastomeric material, plastic rubber, copper, copper beryllium alloy, aluminum, stainless
steel, acrylic, silicon, olefins, epoxies, polyester, brass, PVDF, 10 hexafluoropropylene vinyldyne
fluoride copolymer or combinations thereof. The featured layers can be sealed together, where sealing
the featured Yiy@¥88ihtiLitfes one or more of gluing, adhesive bonding, the?ﬁi%@ﬁ&%‘&fﬂ%’,%ﬁﬁusion
boding, welding, soldering the featured layers together or combinations thereof. In yet another option,

a method of opergjing g sysiem inahdesrluidinlly-Lacounlian.arwiciendashiuia.edgic control

system, the fluidic control system including at least one functional component, two or more featured

layers having fegiiires,anshiratiites LA Fbthaveargnore featured layers interactively form the at

least one functional component, where the method further includes transferring fluid from the fluid

enclosure to the fluidic gRiiakaksiERe VN RidBEHAStORIip Al 20pnkiuse s 1Tans s ingudedarstrain
relieving interface, and/or transferring fluid from the fluid enclosure to the fluidic control system

includes transferfhagifiir tama fuateartidger areipidranstesting fhiidicbsat dadatyangufarireell. In yet a
further option, transferring fluid from the fluid enclosure includes transferring fluid via a fluid manifold to

the at least ane friEl aéth eactdkavitigitsfewnngesitefselardofivid plemurd oh#Ba diglat plessara fluid
manifold to the fluid control system. In a further option, the 39 SUBSTITUTE SHEET (RULE 26) fluid
is transferred basentoh-wehftadi#presbuough befesdtack siibdrretastdia themeatifolde  The method
further optionally includes fluidly coupling the fluidic control system with a charge port, where
optionally, fluidlyreslptimg 2heifihdiercontrenid systeba g dferangaygat BsitsHeludes fluidly coupling the
fluidic control system with .
The fuel cell pressure is easily fed back through the conduit back to the
physical location of the pressure regulator components. Additionally, the unregulated
10  gas pressure can be used to provide mechanical power into the system for actuation of
valves due to the multiple stages. This allows for the system to.operate with a
minimum of external energy inputs. In a further option, the pressure regulator
components can be made at the same time from a single sheet of layered material, it is
possible to have a single inlet feeding multiple regulator components with multiple
15 outlets,
Methods for use with or for making the above-described device are as follows.
For instance, in an option, the method includes a method for forming a fluidic control
system, including forming at least one first feature on one or more featured layers,
forming at least one second feature on any of the one or more featured layers, and
20  interactively associating the at least one first feature with the at least one second
feature and forming at least one functional component. In an option, the method
includes interactively associating the at least one first feature with the at least one

second feature includes stacking the one or more featured layers, where forming the at

ieast one first feature or the at least one second feature includes etching, stamping,
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the charg_e port via a_fluid manifold. The fluidic control system is a layered structure where features
;)f the various layers interact to accomplish functions for the fluidic control system, such as, but not
imited to, the functions of a pressure regulator component, a check valve component, 10 a flow valve
_compone_nt,‘é{_ﬁ(?@?’iﬁal%nduit. The fluidic control system offers efficient digtH ?%ﬁe%béﬁ%ids, for
instance in micro fluidic applications. The small scale of the layers allows for multiple identical

components to e, aelyeg. SIOKININg (nINSIBRSShinliabiios A unsliniabfesrige

description of some embodiments of the'invention, reference has been 15 made to the accompanying

drawings that foyn.apartAare8heaRhiskavbishvareaghigwn, by way of illustration, specific embodiments
of the invention that may be practiced. In the drawings, like numerals describe substantially similar

components throughout;thesie tpiiewemiihg selesngifanisaicoaponirdnchsieflicient detail to
enable those skilled in the art to practice the invention. Other embodiments may be utilized 20 and

structural, logicaforpielpeiicalebangesmaydpresanemgiiiator deppsingfroirationcapsiof the
invention. The following detailed description is not to be taken in a limiting sense, and the scope of the

invention is definedverhuipp st appestiedt damswoogpitenhatldisanseoidsif iomeanefo which
such c_Ia_ims are entitled. 40 SUBSTITUTE SHEET (RULE 26) Claims 1. A fluidic control system
comprising: at lepssame plisfaopmEssateoragbritorlcehehepmpensd: 0 st pIaHa pressure
regulator component including at least one primary pressure regulator and at least oné-:‘ secondary
pressure regulatﬁ:ygmmg the at least one featured Iayer includes forming the at least one feature. layer
of metal, of elastomeric material, plastic rubber, copper, copper beryllium ailoy,
aluminum, stainless steel, acrylic, silicon, olefins, epoxies, polyester, brass, PVDF,
10 hexafluoropropylene vinyldyne fluoride copolymer or combinations thereof. The
featured layers can be sealed together, where sealing the featured layers includes one
or more of gluing, adhesive bonding, thexmal bonding, diffusion boding, welding,
soldering the featured layers together or combinations thereof.
In yet another option, a method of operating a system includes fluidically
15 coupling a fluid enclosure with a fluidic control system, the fluidic control system
including at least one functional component, two or more featured layers having
features, and features of any of the two or more featured layers interactively form the
at least one functional component, where the method further includes transferring
fluid from the fluid enclo s.ure io the fluidic control system. The method optionally
20 includes transferring via a strain relieving interface, and/or transferring fluid from the
fluid enclosure to the fluidic control system includes transferring fluid from a fuel
cartridge, and/or transferring fluid to at least one fuel cell. In yet a further option,
transferring fluid from the fluid enclosure includes transferring fluid via a fluid

manifold to the at least one fuel cell., and/or transferring fluid from a fluid plenum of

25 afuel cell via a fluid manifold to the fluid control system. In a further option, the
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two or more featured layers having features; wherein features of any of the two or more featured
layers interact to collectively form the at least one planar pressure regulator component; and

wherein the two or more featured layers are stacked and joined together so as to be in fluid
communicati¥® K dA%hnother and to form a gas-tight seal with each offfdf 22 H&"itilic control
system as recited in claim 1, wherein one or more of the featured layers include an inlet and an outlet.

3. The fluicic corioh sySIEMARIAGIEID FAN AWHStRI R RBIEHNErS AR il

communication with one another. 4. The fluidic control system as recited in claim further comprising at
least two functiopal egyiaponents, features of any of the two or more featured layers collectively form
the at least two functional components. 5. The fluidic control system as recited in claim 2, wherein

featured layers are co-gighalWith fRERpemiyhnerihadmeaptalpisteme Auidcieniol claim 3,
wherein at least one of the featured layers include two or more features, and the two or more features

include an array gfsteatuiasfnalycommuiessmibuuith, dachlptaplidthitedletinonrplane. 7. The
fluidic control system as recited in claim 1, further comprising, a check valve component, a flow valve
component, & chargervalitk eripegeptrapledsufivittiiedbeplingohefitidicormtut systemhwitinal relief
component. 8. The fluidic control system as recited in claim 1, wherein the featured layers include
one or more bondiagh:egiqrst da T Reiflumimiobthtrol system as recited in claim 1, further comprising a

sealing layer. 10. The fluidic control system as recited in claim 1, wherein 4 - 9 featured layers have
features. The fluidic control system is a Jayered structure where features of the various

layers interact to accomplish functions for the fluidic control system, such as, but not
limited to, the functions of a pressure regulator component, a check valve component,
10  aflow valve component, and a fluid conduit. The fluidic control system offers
efficient distribution of fluids, for instance in micro fluidic applications. The small
scale of the layers allows for multiple identical components to be included, providing
for increased reliability and functional flexibility.
In the description of some embodiments of the invention, reference has been
15  made to the accompanying drawings that form a part hereof, and in which are shown,
by way of illustration, specific embodiments of the énvention that may be practiced.
In the drawings, like numerals describe substantially similar components throughout
the several views. These embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention. Other embodiments may be utilized
20  and structural, logical, and electrical changes may be made without departing from the
scope of the invention. The following detailed description is not to be taken in a
limiting sense, and the scope of the invention is defined only by the appended claims,

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

40

SUBSTITUTE SHEET {RULE 26}



The fluidic control system as recited in claim 1, wherein one or more of the featured layers include a
conduit channel, and a featured layer width is weater than about thirty times a conduit channel
dimension. 12. A component for a fluidic control system, the component comprising: two or more
featured layers having features, the features including' a. valve having a position, a fluid flow
through the component controllable based on the position of the valve; and a flexible feature
actuatable in response to a sensory fluid pressure, where a position of the flexible feature
proportionglly. controls the valve position; wherein the component is a functional component, the
functional component including at least one primary pressure regulator and at least one secondary
pressure regulator. 13. The component as recited in claim 12, wherein the sensory fluid pressure
includes a pressusefidaivrstredmyofthewalisagl4. The component as recited in claim 12, wherein the

features include af least two flid, RIS UM INCIHinG & SR BSSkuie-RI g @aduesecond pressure
plenum. 15. The component as recited in claim 14, wherein th Iirstlﬁrﬁesa%{%tglenu ailgya high

pressure plEAIHPTEeBRARTURTRGMAR IS ARG IR EEES R i BresdUrs plenum is a low pressure
plenum receiing: regiidated fluid. 16. The component as recited in claim 15, wherein the sensory fluid

pressure includes g presshre inthe Jow Riessutadpignum. 17. The component as recited in claim 16,
wherein the sensory fluid pressure includes a pressure in thF high pressure pl
‘E”f ayers & ITe

I I , S num,. 18. The
component as recitéicHh BRI ARndrih e RIS SHeae & s Giate ?/V|t§1¥ﬁ{e1/1£%3%)nd pressure
plenum. 1%cTheeompohent msssecitegiineledmpiwhedein a position of the flexible feature
proportionally confrols thg nQsition,of heyalve,and contkals.adlow.okduidbedweendhe first pressure

plenum and the second pressure plenum. 20Q. The com ?qgtnt R citaec irg}lgllaim 12, wherein the
flexible feaflife FEEHERCHAR THD AU TRR ESRSALHT bativkeh Shredefiiied fange of sensory fluid
pressures. 21. The component as recited in claim 12, wherein the flexible feature has elastic

properties. 2. The fiuidic controt system as recited in claim I, wherein one or more of the featured

layers include an inlet and an outlet.

3. The fluidic control system as recited in claim 1, wherein the featured layers are in fluid

commupication with one another.

4. The fluidic control system as recited in claim 1, further comprising at least two functional
components, features of any of the two or more featured layers coliectively form the at least two

functional components.

3. The fluidic control system as recited in claim 2, wherein featured layers are co-planar

with each other.

6. The fiuidic control system as recited in claim 3, wherein at least one of the featared
layers include two or more features, and the two or more features include an array of features

fluidly communicating with each other within a common plane.
7. The fluidic control system as recited in claim 1, further comprising, a check valve

component, a flow valve component, a charge valve component, a pressure relief component, a

conduit, or a thermal relief component.
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22. The component as recited in claim 12, further comprising a spring member in contact with the
flexible feature. A system comprising: at least one fluidic control system including: at least one
pressure regulator component, the at least one planar pressure regulator component including at least
one primary pressure regulator and at least one secondary pressure regulator; the component
comprising two or more featured layers having features, the features including: a valve
having a position, a fluid flow through the functional component controllable based on the position of
the valve; and 1y fuidic cnflexibledeatwea actuaiable, inresponstdaraddepsomnyclididopeessure, where
a position of the flexible feature proportionally controls the valve position; and at least one fluid
enclosure SbRFFLHI ﬁ%é‘?%l%%sumed with the at least one fluidic control system. 24. The system as
recited in claim 23, wherein a width of a planar portion of the featured layer is greater than about thirty

times a thigkness-@f.the fpatised Jayer. . 2Rcilhensystam astecianbitkialaine2aeflatier comprising at
least two functional components. 26. The system as recited in claim 25, wherein one or more of the at
least one fluid enclosures are flexible. 27. The system as recited in any of claims 23, further
comprisinglone offhedheditrainabseitsireg intseissdie lveba e af IBARI ARG hclosure and one
or more of the atleast one fluidic control system. 28The system as recited in claim 27, wherein the one
or more strain absorbing interfaces is '

1L The fividic control system as recited in claim 1, wherein one or more of the featured

Jayers include a conduit channel, and a featured layer width is greater than about thirty times a

conduit channel dimension.

12. A component for a fluidic control system, the component comprising:
two or more featured layers having features, the features including:
a valve having a position, a fluid flow through the component controliable based
on the position of the valve; and
a flexible feature actuatable in response to a sensory fluid pressure, where 2
position of the flexible feature proportionally controls the valve position; wherein the component
is a functional component, the functional component including at least one primary pressure

regulator and at Jeast one secondary pressure reguiator.

13, The component as recited in claim 12, wherein the sensory fluid pressure includes a

pressure downstream of the vaive.

14. The component as recited in claim 12, wherein the features include at least two fluid

plenums including a first pressure plenum and a second pressure plenum.
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in fluid communication with the at least one fluid enclosure. 29.The system as recited in claim 23,
further comprising at least one fuel cell communicatively coupled with the at least one fluidic control
system. 30. The system as recited in claim 23, wherein the sensory fluid pressure includes a
pressure downstream of the valve. 31. The system as recited in claim 23, wherein the features include
at least two fluid plenums including a first pressure plenum and a second pressure plenum. 32. The
system as recited in claim 23, wherein the first pressure plenum is a high pressure plenum receiving

unregulateqfluid, And. {he SeONJ.PIESSHR RIS ALMS:A laVpressUie-RieRuUAresaiving regulated fluid
33. A method for_forming a fluidic co‘ntrollls St m,fg .e“mkethgd comgrgfszin?r:‘ fé)frirﬂ)ig_ 1%:ggle.ast one first
feature on BTESBIC RBTETESHIEY M RLa RSt At (8841 CRE LEEOHd featura on ahy of the one or more
featured layessyrangdivieractivabd dsgbciating the at least one first feature with the at least one second
feature and forming at least one functional component; the at least one functional component including
at least one primary pressure regulator and at least one ¢ econda,r}éup essure re%%@:tsoar. 34. The method
as recited iftlaim 88 SAURERSTH TTEE T B SO YAHRY RS SPIRASt OhB firat feature with the at least
one second:featiéninelidesstackphgitime one or more featured layers. 35. The method as recited in
claim 33, wherein forming the at least one first feature or the at least one second feature includes
etching, stamping, laser cutting, die_cutting, deposition, printing, mﬁchin_ingdrmol(?i , or electroforming
a feature orl the onBGPRRSIETRAITFEETH/BREN36: THEHRST RS rBuidaSH T 45" (vherein forming
at least onexfuncticn@cmpenent fletlwdes forming one or more of at least one pressure regulator
component, at least one check valve component, at least one flow valve component, at least one
conduit component, pressure relief component, or a the,mad relief comép.or.lent. :

18. The component as recited in claim 12, wherein the flexible feature 1s integrated with the

second pressure plenum.

19. The component as recited in claim 12, wherein a position of the flexible feature

proportionally controls the position of the valve, and controls a flow of fhuid between the first

pressure plenum and the second pressure plenum.

20. The component as recited in claim 12, wherein the flexible feature restricts flow through
the component between a predefined range of sensory fluid pressures.
21. The component as recited in claim 12, wherein the flexible feature has elastic properties.

22, The component as recited in claim 12, further comprising a spring member in contact

with the flexible feature.
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37. The method as recited in claim 33, whereing the at least one featured layer includes forming the at
least one featured layer of metal,elastomeric material, plastic rubber; copper, copper beryllium alloy,
aluminum, stainless steel, or combinations thereof. 38. The method as recited in claim 33, wherein
forming the at least one Featured layer includes forming the at least one featured layer of acrylic,
olefins, epoxies, polyester, brass. INDF, hexafluoropropylene vinyldyne fluoride copolymer or
combinations thereof 39. The method as recited in claim 33, further comprising sealing the featuied
layers together. 40.,Ibe methachas recited in claim 33. wherein sealing the featured layers includ.es

one or more of gluingﬁ,S adhesive bondllnS é‘trrlnelrmrlr;laIdllcl)o‘nding, diffusion boding, welding, soldering the
featured layers tolethbf B CERIbIRATORS thereot. 41. A method of operating a system, the method
comprising: fluidically coujstsigrae fhichenctedaie smrpeptriidie SostrbP ey BRI P& fluidic control

system including.atleastans.dunstionalsompensnt puesormeiafeatdeddayens kavidand features of
any of the two or more featured layers interactively form the at least one functional component; and
transferring T SHEEHSFHRG HTECHALSTRY taRsferring fluid from the fluid enclosure to the fluidic
control system; wherein the at feast owes fiasietisraico MposdetacH s ML iviE B mary pressure

regulator and at least one secondaryRiessyesiegylatrd e Tieupnetsdthasonetitetbimand 1, wherein
transferring fluid includes transferri,n% vi? strlain'a(‘ar}gng interface. 43. The method as recited in claim

41, whereirf FEIRYTRI S AN HORIRE flideRdostire to

a flexible feature actuatabje in response to a sensory fluid pressure,
where a position of the flexible feature proportionally controls the valve position; and
at least one Fiuid enclosure communicatively coupled with the at least one fluidic control.

system.

24. The system as recited in claim 23, wherein 2 width of a planar portion of the featured

layer is greater than about thirty times a thickness of the featured layer.
25. The system as recited in claim 23, further comprising at least two functional components.

26, The system as recited in claim 25, wherein one or more of the at least one fluid

enclosures are flexible.

27, The system as recited in any of claims 23, further comprising one or more strain
absorbing interfaces between the at least one fluid enclosure and one or more of the at least one

fluidic conirol system.

28. The system as recited in ¢laim 27, wherein the one or more strain absorbing interfaces is

in fluid communication with the at least one fluid enclosure.

29. The system as recited in claim 23, further comprising at least one fuel cell

communicatively coupled with the at least one fluidic control system.
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theystem includes transferring fluid from a fuel cartridge. fuel cell. 45. The method as recited in claim
41 wherein transferring fluid from the fluid enclosure includes transferring fluid via a fluid manifold to
the at least one fuel cell. 46. The method as recited in claim 41, further comprising transferring fluid
from a fluid plenum of a fuel cell via a fluid manifold to the fluid control system. 47. The method as
recited in claim 41, wherein the fluid is transferred based on a fluid flow through a feedback channel of
the fluid manifold. 48. The method as recited in claim 41, further comprising fluidly coupling the fluidic
control system withea; ghange Refitd 4% dthe Inetsnthas-recited fvid aiesdt iwhereimpfisitiy coupling the

fluidic control s&ste{r{p \f’{ﬂ% ;[fh charge port includes fluidly coupling the fluidic control system with the
charge por MEH T manifold. 50. The method as recited in claim 41, wherein transferring fluid from

the fluid enclosure includes transferring gas, liquid gas, liquid under pressure, or combinations thereof.
51. The method ag,racifed it Rai Alamhercimtransier fing fisiddndudessransferdntfusls, oxidants ,
heat transfer‘{fl ids, fluid reactant fuels, or combjnations thereof. 52. The method as recited in claim 41,
wherein tral&HSRRG it rr%’rl'ﬁctﬁgﬂﬁlﬂ negnac técsol?re%fn(gﬁgés transferring hydrogen gas, methanol,
ammonia, hydrazine, silane, or combinations thereof. 53. A fluidic control system comprising at least
one functiogal compoRsetfareby: he-nterastion sideattsesstosmedinitwaigs mosertayers, wherein

the component function s achieved by e displacement.of Ahlsasone (salGoHLAL s plane and into

the plane of SHOtHEFERUTEdTayer, wherein the at least one functional component includes at least
one primarypressuraredIdtet and at least one secondary pressure regulator.

33. A method for forming a fluidic control system, the method comprising:
forming at least one first feature on one or more featured layers;
forming af least one second feature on any of the one or more featured layers; and
ihtera.étively associating the at least one first feature with the at least one second feature
and forming at ieast one functional component; the at jeast one functional component including at

least one primary pressure regulator and at least one secondary pressure regulator.

34, The method as recited in claim 33, wherein interactively associating the at least one first

feature with the at least one second feature includes stacking the one or more featured layers.

35. The method as recited in claim 33, wherein forming the at least one first feature or the at
least one second feature includes etching, stamping, laser cutting, die cutting, deposition, printing,

machining, molding, or electroforming a feature on the one or more featured layers.

36. The method as recited in claim 33, wherein forming at least one functional component
includes forming one or more of at least one pressure regulator component, at ieast one check
valve component, at least one flow valve component, at least one conduit component, pressure

relief component, or a thermal relief component.
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54. The system as in claim 53, where a moveable feature of any one of the layers is configured to
displace out of plane from the any one of the layers such that the moveable feature is displaced
through a plane of an adjacent featured layer.

37, The method as recited in claim 33, wherein forming the at least one featured layer
includes forming the at least one featared layer of metal, elastomeric material, plastic rubber,
copper, copper beryllium alloy, aluminum, stainless steel, or combinations thereof.

38. The method as recited in claim 33, wherein forming the at least one featured layer
includes forming the at least one featured layer of acrylic, olefins, epoxies, polyester, brass,

PVDF, hexafluoropropytene vinyldyne fluoride copolymer or combinations thereof.

39, The method as recited in claim 33, further comprising sealing the featured layers
together.
40, The method as recited in claim 33, wherein sealing the featured layers includes one or

more of gluing, adhesive bonding, thermal bonding, diffusion boding, welding, soldering the

featured layers together or combinations thereof.

41, A method of operating a system, the method comprising:

fluidically coupling a fluid enclosure with a fluidic controd system, the fluidic control
system including at least one functional component, two or more featured layers having features,
and features of any of the two or more featured layers imteractively form the at least one
functional component; and

transferring fluid, transferring fluid including transferring fluid from the fluid enclosure
to the fluidic control system; wherein the at least one functional component includes at least one

primary pressure regulator and at least one secondary pressure regulator.

42 The method as recited in claim 41, wherein transferring fluid includes transferring via a

strain relieving interface.

43, The method as recited in claim 41, wherein transferring fluid from the fluid enclosure to

the fluidic control system: includes transferring fluid from a fuel cartridge.
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44, The method as recited in claim 41, further comprising transferring fiuid to at least one

fuel cell.

43. The method as recited in claim 41 wherein transferring fluid from the fluid enclosure

inchudes transferring fluid via a fluid manifold to the at least one fuel cell.

46. The method as recited in claim 41, further comprising transferring fluid from a fluid

plenum of a fuel cell via a fluid manifold to the fluid conirol system.

47. The method as recited in claim 41, wherein the fluid is transferred based on a flud flow

through a feedback channel of the fluid manifold.

48. The method as recited in claim 41, further comprising fluidly coupling the fluidic confrol

system with a charge port.

49, The method as recited in claim 41, wherein fluidly coupling the fluidic control system
with the charge port includes fluidly coupling the fluidic control system with the charge port via a

fizid manifold.

50. The method as recited in claim 41, wherein transferring fluid from the fluid enclosure

includes transferring gas, liquid gas, liquid under pressure, or combinations thereof.

51, The method as recited in claim 41, wherein transferring fiuid includes transferring fuels,

oxidants , heat transfer fluids, fluid reactant fuels, or combinations thereof.
52. The method as recited in claim 41, wherein transferring fluid from the fluid enclosure

includes transferring hydrogen gas, methanol, emmonia, hydrazine, silane, or combinations

thereof,
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33. A fluidic control system comprising at least one functional component formed by the
interaction of features formed in two or more lavers, wherein the component function is achieved
by the displacement of at least one feature out of its plane and into the plane of another featured
layer; wherein the at least one functional component includes at least one primary pressure

regulator and at least one secondary pressure reguiator.
54. The system as in claim 53, where a moveable feature of any one of the layers is

configured to displace out of plane from the any one of the layers such that the moveable feature

is displaced through a plane of an adjacent featured layer.
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