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Car bon Nano-tube Power Cell Background of |nvention
[0001 ] The present invention relates to a mniature
woawsrisgener at i ng devi ce suitable for inplantaPCOALB08/000819
as to generate power required by inplanted nedica
devi ces. [0002] While inplantable nedical devices,
such as Pacemakers, ICD s and other grow in
i ncreasing sophistication, they all require a source
of power. It is npbst convenient for the patient to
Cavrb@n Narostubet PowarCallto avoid the needs
| eads to an external power source, which can be a
source of infection, inflammation and the |ike.

, tLeni alimted life requirin
Bi&@ﬁiﬂﬁéﬁﬁét@%m@ﬂd or placing desi gn )
constraints on the device power consunption and hence
oo LR u5E o ER oGP S Sl R
Hence féri@bRintafioR st 2@ gefdratdipdiveeiRgsirdd/bytifthldtit@imedical

ef fi ciency-power generating cell that is
bi 0- c8#YieSi bl e for inpl antabl e nedical device that
ei ther replaces or supplenents a battery, being

[00BAVeT &hiRfinpRRGIHEYMEEER UBYiBL, Rikh@s PRMAAkak] T 9hiR bing:
living organlsnlsunnary of Invention [0004] 1n the

pr eseBoW mjiseredsyig sophistifationt themilbreguirsa sauii¢eetiggwisy It is most

? rovi gbrﬂgfﬂ%apiloi" {h%l pall nt % r{i‘@gﬁl) l Ua&er&%l&oﬂ? H%?%%ba%&d the
opp o S nexgls ébidedds d)@l ers externﬁl pdvebr saurve) whidt daotbe kaesbme nf t wo

flexible reservoirs c an electrolytic Ui d.

| 0005 R o F B S G ke giovG e Ja s ik 3 ipted it

| obes rdduatingftimaltrBflasbiiat, BBE bS placing design constraints on the
device power consumption and hence functionality such that it is much less

than what might be achieved with a non-invasive device.

[0003] Hence there is a need for high density and high efficiency power generating
cell that is bio-compatible for implantable medical device that either replaces
or supplements a battery, being powered off energy generated by or available

form the living organism.
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shaped device is in tactile communication with the

bl ood, such that each pul se causes repeated
woamisriagtei on and hence punpi ng of the contai nedCtiuiods/000819

t hrough the carbon nano-tubes or channels to produce a

charge. [0006] The above and ot her objects, effects,

features, and advantages of the present invention wl|

beconme nore apparent fromthe follow ng description of

t he enbodi pents thereof taken in conjunction with the
SLH’CW@)W)(Df]dI‘WGth@EI Bri ef Description of Draw ngs

[0007] FIGI is a schematic illustration of the flow

with respect to the nmetallic nanotubes and el ectrodes
[0004h a Ipdhd¢ presend invehtsom tredirstbgechivrathioveddfy meviding ajd@rality of

[ 0008] Fl.G is a.graph of flow i.nduce ol tage _as_a

F unccretSeathon daguft ik b fBEl Gl gp R W

nano-gdppasingskefddey in IR untunation b&waer B R&EHIE BdsbvBirs

char gi n?_c,lrcuit for .device 100. [001 O] FIG 4 is a

par t | Py an glgeiolyic dWdct i ve view of a portion of

the flow cell 400 of device 100. [001 1] FIG 5 is a
[0003] OS SABREd: kPh\ila g@hﬁ)ﬁadﬂoﬁe of 1he 88 lbbedihat fopirs 8R! dumb bells

portion of the device 100 shown in FIG 5. [001 2]

FI G %aped devisers pifaetile eorempumiggienp Wittelhe bloadngich s g#ch pulse

nano- j | ' :

reroe SR P Il b R SRR SR By o
FI G 7thacabbheancesibbs & chinmmlsRebtadndes clofrgali spl acenent

of the flexible portion of the operative devise in a

=D ot ,corre ndi,ng.t ot he .section, view sho i n
oo & PR g b BRRCA 6t Bimtal ek, AR YoAltaB IO Mocent
of t hiavegloacivillypetorad thoed apphlent frex ithl fellpwiigi descriphion bethe

operative devise i 2:D plot corresponding to the .
S gct i GRbAiImERts thereo?l ta?cen in co%unctlon W1rth %i{% accomgany?ng cﬂawmgs.
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shown in FIG 5 and 7. [001 5] FIG 9 is a
cross-section of a the central portion of another
wenhpsdissent of the device. [001 6] FIG 10 is &CT/IL2008/000819
cross-section of an enbodi nrent wherein any of the
devices of FIG 1-9 is disposed at the end of a
catheter or inplanted lead. [001 7] FIG 11 is a
cross-section of an enbodi ment wherein any of the
devices of, FIG 1-9 is disposed within, for exanple a
Brief Desoription ioft BDrawings. [ 0018] Det ai | ed
Description [001 9] Referring to FIGS. 1 through 11,
wherein |ike reference nunerals refer to |like
[oo@XnpoRkht & 4 sthemetiovidlnstoaion wif theglovt With eespert itd thesiataltied

therein new and i nproved Car Nang- i ube..Po .

coi 1 chiheRepnd el aien i e bRty GG SPdevice 100,

Conductive carbon nanotubes al so known as netallic
[0o@ar boRIGariot ke of FFK) indidet @oltapelat b fimldtien of bidivyltage for a

single wal|e SW St in ntact with flowng liquid

pr ovi BT FF WO PR -c systemthat offers a

large interfacial area of intimate atom c contact

[o®Rt WeBTG 138 alrépteetiaBecHafEnS Oirduit HBSA¢eN00. Thi s can
| ead to a strong coupling of the free charge carriers

in the nano-tube to the particles.in the flo

100] flqui BIC"Aols & PERISHY Sy RGEREFTS ViroY afa Girtip ) B8 flgw cell
nat ur ggo $ORictliodhe effect of this coupling is
expected to be further enhanced due to charge carrier

entrai nnent because of the quasi-one dinensionality of .
[00t He cBHauCE prpsraprslopplsdayationdirezhdhs flow cell poytion gt bedevice
curreno Ly es shown by Krai P & Shapiro, 2001
Phys.gev.Letf, 6, 131 Recently, the flow of a variety
of liquids over SWNT bundl es was experinentally
[00%2]udi EHG. Gind paespedtiva syt avery view of the carbon nano-tube portion of in

the narrow waste section between the opposing fluid chamber in FIG. 5.

[0013] FIG.7 are the results of a FEM model of displacement of the flexible portion
of the operative devise in a 2-D plot corresponding to the section view shown
in FIG. 5.

[0014] F1G.8 are the results of a FEM model of the velocity field of the flexible
portion of the operative devise in a 2-D plot corresponding to the section view
shown in FIG. 5 and 7.

[0015]  FIG. 9 is a cross-section of a the central portion of another embodiment of the

device.

[0016] FIG. 10 is a cross-section of an embodiment wherein any of the devices of

FIG. 1-9 is disposed at the end of a catheter or implanted lead.

[0017] FIG. 11 is a cross-section of an embodiment wherein any of the devices of

FIG. 1-9 is disposed within, for example a portion of a catheter or lead.
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[002¥e chheelert of hescrpgpling s &xpretedie

generate voltage in the sanple along the direction of
the flow as taught by S. CGhosh, A K Sood, S.

weanmsdsarsy, and N. Kumar; Fl ow i nduced vol t agePamarL2008/000819

current generation in carbon nanotubes, Physica
Review B 70, 205423, 2004, which is incorporated
herein by reference. [0022] Quite unexpectedly,
however, the dependence of the voltage on the flow
speed was found_to be nagnlinear, and could be fitted

oottsp a DetailgdiDascnptiontive decades of the

vari ation of the speed. [0023] FIGI| is a schematic
illustration of the nano-tube portion 11 of device 100

[ooTtdnat Refetrinpas FIGS It theosigh id, wheréhdikh refereate nunkkrall rafento like

al so be used as, an experimental. t far neasuring of
Che. cFRRIERS I BEVPRGH gt st is st Rigkhersi A nsY =4 s
Pr epaggioli GHrSordiSPRAbERoWE! DO gaieeal Bl REEMiMAEIIV DO Merein.
two net'al el ectrodesl1ll and 112 the nanotubes 105 are
in their place by a supporting insulagin
5 FAKUPerE S Tergal g %{ﬁ%g@m&kﬁs as

bei ng ' KavKaY t ' of conbRt with
nanot@%ggb%%gwg§$g?§gﬁg eIec??% ésaﬁgagﬁﬁﬁgw%léf Th?\glt

conf i fewmgilignidimoyides aniabe micrp-fividie pystanathat effers e darke ng
porti %?&fa%ié’ll &2 gp ﬁ%a{eﬁtgﬁ% d:.ogtac Tﬁéﬁv&%ﬁﬁ% fujgﬁ@ lclllg{ﬂhg Ig@llld

i s neasured along e flowdrection S shown I'n

FI G dubbsyatarThiscah(ead t0024pngd bauipliep efitke fice chdrgé taviers in the

i nduced vo]tage and current fits.to the enpirical..

ol 1 PO S AR PBYCeRERe Netedicufogr SRR s polaror
the rghesgnee:d ! ow velocity, uis the flow velocity,

is the initially nmeasured electrical current, is the
initially nmeasured voltage. Pleaae note that both .and

. drieRe Srer gihaeced dpprgeharee
aqueous iSOl bRV B aHSSH thd dlasSi-drRthtSidlity of the conducting

nano-tubes. The effect of flow induced current in MWNT was shown by Kral
P & Shapiro, 2001, Phys.Rev.Lett,86, 131 Recently, the flow of a variety of
liquids over SWNT bundles was experimentally studied, and was found to
generate voltage in the sample along the direction of the flow as taught by S.
Ghosh, A. K. Sood, S. Ramaswamy, and N. Kumar; Flow-induced voltage and
current generation in carbon nanotubes, Physical Review B 70, 205423, 2004,

which is incorporated herein by reference.

[0022] Quite unexpectedly, however, the dependence of the voltage on the flow

speed was found to be nonlinear, and could be fitted to a logarithmic form

over five decades of the variation of the speed.

[0023] FIG.1 is a schematic illustration of the nano-tube portion 11 of device 100 that

utilizes the teaching of Ghosh et al. which can also be used as an experimental
setup for measuring of the electrical current and voltage. SWNT bundles 105

prepared by arc discharge method are placed between two metal electrodes
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the flow induced voltage of U=3 0 nV for v =5 x 1Q

ms and O nm [0029] The total volunme of the nanotube
woizbesyaszs1 =7 mm [ 0030] The fl ow i nduced power PETL208$1000819

by the fornmul a] 0032] The power generated per unit

vol une of the carbon nano-tube filmis w =p/v O [0033]

For exanple if u = cmsec, then P mNor w = 16 niWW mB.

So, if for exanple the active volune of the device is

1 cnB11t hen Dhie PAMWRIbeO105l fre IWPAR thetk ﬂlﬁ:e@@%ﬁ@%&ﬁng The

naX|nun1§'mer that can_be used r char % attery

i s halmpulgting substrafe ik Thﬁéeea}nsej-?&ﬂoées §o shgpgs being

consi qlggleq ab Qexgs@ri%et diftfle Bgﬂﬁ)ﬁ%f{ﬂe%‘é‘nbtﬂgéécl%g cswram

with spect ow direction as a function

t he belastrWB lAyend/B 2( AkissholiguratronHk prefalfle uhmf@tdglfor
referen roduced, her ei . This .

oot ontharion PEREES LG SudRh S PIY, Chperipn il is messured
Au- 1 ebRhg delel gieddtion ¢u;)) AREHoS@MNIFIGE hby blrow10hanber
close to the sanple as shown in the inset of FIG. 2

The den e of S the na ni e ,of
1007 flow LG AGEHIGISH PEBEY SHR Falfaek At iEEh BEJE i sramte
0.01 Mikdns (@ hoéhtdpia. 4 NS/ M) and for a fixed
f1 ow speed of 0.04 cni's are shown in FIG 3. It is
seen that the flow nduced signal is positive, i.e.,
/is anti-parallel To B positive, and the
sign of the signal |SH}MQEF§E 'LiJ , lis parallel to
(00451 when VB is negative. [003'5 hus, for the current)
/to be parallel, (antiparallel) to u, the charge

carriers in the nanotubes need tp be hol es
(el ectrons). I:JngE-+1T
[0026] Vo 2

[0027] Where *0 is the reference flow velocity, ¥ is the flow velocity, I is the

initially measured electrical current, Us is the initially measured voltage.

IO

Please note that both " and Uy are constant.

[0028] In experiments of others 1 A/ NaCl aqueous solution was used, this results in

=30 =5x107"*

the flow induced voltage of Yo mV for %o m/s and

R ==2=75
10 Q at 1=0.5 cm, H=2 cm, h=70 pm.

pr

[0029] The total volume of the nanotube film was "°=7 mm?>.

[0030] The flow-induced power is given by the formula

2 2
P=1IU =%-[10g(3-+1)]
[0031] 0 % 3)



[ 0036] When the nanotubes are biased positively, the

anions CF, OFT nove closer to the SWNT, | ocalizing
waabwssemwit he carbon and naki ng el ect rons avai Pabiie20h000819

flowinduced current. Simlarly, holes are |iberated

when the bias is negative. As the bias voltage is

i ncreased the nunber of carriers participating in the

flow i nduced current will increase as shown in FIG 3.
[0052?0371%& ﬁo&é}%teﬁe&%& ?Qﬁﬁﬁt M@of 6 caBbi ALR-IBE FiRASES
nore t 50tines for V-0.5 V. Assunming that the

pO\/\/erlséTéﬁsRMfgti on by bi asi ng the nano-tube filmis

much smaller than the power generated by the film
itself we could wite the maxi num power generated from

[003B1UNI FoNéXathipe: i@  hen/sa] hen mﬂﬁdltﬂW@rleW@@V/ﬁrﬁﬂ%Sb if for
Were Gi s the gain facfor due t o t;he biasin

ef f ecexanmie thg activgyalwpe ghie dedcaisd G efben ﬂ&epot“gel‘rﬁw@m&
m W/ a3 §8‘L erdtOE THE Y& Bnurh ROGR] thhi dan b8 ub&i BPcharging a

el ectri cal emati c diagram of the described flow
i nducbattgrpisdralicdithat delug.ce 100. A s can b e seen in
FIG 2 above, the device 100 described in FIG 1, has

[oo%pos @E?sﬂe t%?tzllgod@ogmﬁérﬁ g{édd V\%c&ﬁn GNP A6KSHLd CRRIS (Y

des I'sS In turn connected
t 0 a baptetytht mwdla:cubmaSZa fueumrmfrﬁkge sinsledtage Vedaodhewn in

ol cor P REG Ciberrres FotrPient hBerhaly B TR phghs
111 ampghsdskBe STNET Ghithirepeotfs ﬂfé\Adl%férémdé%edrb@e i:hhlhbrsed in the

always flowt o charge the battery 1 004%%3
i |1 ustlos camberdeseriaticcampleas showi id FI“E?W Qi

por ti Q@gﬁﬁtﬁeﬁc@%ﬁ AR ean%iQﬁe m‘ﬁ@hﬁlﬁe bBtheRidwiialitad voltage on Ve

deplo as s n ot her énbodi nents as an
i nvasiforsn dgopdua molabbleomeM K&t (condyatigityl é i re®/m)Ringd fipr a

cel| A%g)(ed ROR slpge%sof% 04 cm/s are shown in FIG. 3. It is seen that the flow-
induced signal is positive, i.e., I is anti-parallel To u when Vg is positive, and

the sign of the signal is reversed, i.e., I is parallel to u, when Vjy is negative.

[0035] Thus, for the current I to be parallel, (antiparallel) to u, the charge carriers in

the nanotubes need to be holes (electrons).

[0036] When the nanotubes are biased positively, the anions le, OH move closer to
the SWNT, localizing holes on the carbon and making electrons available for
flow-induced current. Similarly, holes are liberated when the bias is negative.
As the bias voltage is increased the number of carriers participating in the

flow induced current will increase as shown in FIG. 3.

[0037] In the experiment above the voltage increases more than 50 times for Vz=0.5
V. Assuming that the power consumption by biasing the nano-tube film is
much smaller than the power generated by the film itself we could write the
maximum power generated from a unit volume of the carbon nano-tube film

as:



means for the periodic flowo f fluid that preferably

contains ions, such a s the aqueous KO sol ution
wdeswsrishetd above, over the nanotube portion an#CT/1L2008/000819

el ectrodes shown in FIG 1. This nodel sinulates the

flow dynam cs of liquids. The structure is conprised o

f an elastic, hernetically seal ed, polyner shell

(which is bio-conpatible) conposed o f materials such

a s silicon, nylon etc. [0042] Flo el 400
preferably has a ggnera el 1fype shape a s
shown wi th each end™bei n@2® {sulystanyjal ly spheri cal

(003§ pti cal chanber or |obes, 401 and 402 t he opposi r@r
chanbers or | obes separated b y a narrow neck or

[00%2 ?2 NIheflS iCRBLAL BAAG duBgo M biasthg effdcB FENOWN di)seklafwt

evice 10071 s inserted intoa lead in such a way

t hat egnes® hE_| el28 B i-ce is exposed to
t he bl ood ‘g{‘ﬁg&t he ot h?‘r‘wé‘f‘%‘egf%‘gﬁé ! gunexposed
(positioned within the |ead). The inner part 410 o f

[004(0)e cBith@ds eulelectves sdiinaicdliap®in of thddescribed 0wdnduckd pefwer

with an |oni i qui.d, suc S~ aguUeons | ut .
vari offdl ieé’fcteésgﬁ#% i SFerh'é‘gj I@a_\%a av\?e%hgtd%glf: eg (gg%gr%ed m
than rie 19hEdppbiing bletisddeatl €lartiey Qi canndd®i3 oppasingrides of
exanpl es gi_ven, the wal| 416 of the shell fi § a

t hi ck#iedebidgeadQuivhichssingmn gonpgeledinp ey % i3 1B 2
near [Re;an ﬁdé@&ftdiéﬂeﬁ&ﬁgg E[@ hh&%eéiﬂ@@ﬁ%fﬂgelctﬁrh&ﬁ&ﬂ\ﬁﬁﬂe

)
t he | obes. wever, it s I d be ‘appreciate at the
wal | elhitodonfies (edentridad cyrsanit)dittoeapetasiradesold Liané 112, the current

conpl .an f .t ' jt.Js rom
o0 OB Ee Biiadd BoTAEEAls oy Lt GRORI AR oM
| obe of the flow cell 400 of device 100, causes that

[00gHr t  BIG.|4dbesttatesaowheraatic mpded b thg fohecellifQipdrtisintdiithe device
over {08 s Sptieia GefiBi Rl AN i SBE enl RNARhEAOR

invasive, implantable power harvesting device. Flow cell 400 provides a

means for the periodic flow of fluid that preferably contains ions, such as the
aqueous KCl solution described above, over the nanotube portion and
electrodes shown in FIG. 1. This model simulates the flow dynamics of
liquids. The structure is comprised of an elastic, hermetically sealed, polymer
shell (which is bio-compatible) composed of materials such as silicon, nylon

etc.

[0042] Flow cell 400 preferably has a general dumb bell type shape as shown with
each end being a substantially spherical or elliptical chamber or lobes, 401
and 402 the opposing chambers or lobes separated by a narrow neck or
channel 415 containing the MNT’s. As shown in FIG. This device 100 is
inserted into a lead in such a way that one of the lobes of the device is
exposed to the blood and the other side is left unexposed (positioned within
the lead).The inner part 410 of the connected lobes 401 and 402 of device 100



(9]

dar ker grey), and expand the un-exposed section of the

device. This flow of liquid over the single walled
woanisassmwano t ubes generates the el ectrical cuPCEmL2008/000819

required to charge the battery (the explanation

regardi ng this physical phenonenon is described in

greater detail above). [0045] FIG 5 illustrates a

cross-sectional view of the device described in FIG

4, thg fﬁieﬁ%thsﬁ%m%ﬂ lidhid @ﬁc%%h@ol@fsoﬁlhﬁnéj&\/daﬁ&s salts.
contains the single walled carbon nano tubes, and the

two " Eleptsell 498 may have ethershapesehast the damibel] dlastezied harein.

the liquid which flows fromone | obe of the device to

[004 e of Eexa}x\ﬂﬁ seéoﬁéht {He%@ahljh atﬁ%h@érh% %Qggﬁﬁélﬁxgsstd? ab¥® 1.25
n c

ectr ntact wth the car on nano tubes);
pl eas mnn@ttbe thﬁmesttploasm nehethe ap@@sost@hsﬁ@ltﬁqnnth@rchml 415

with e uid tr eS|de e, to

e bREPL R et O LR BBty il St
il UderﬂieevaﬁBdB derehoig wa ke @impliagcd sittee matenangaruonatucwa

of the single walled carbon nano tubes in the device.

FIG BAMand 6B are orthogonal section of the stack of
IMNT filnms 105 and associ ated el ectrodes 111 and 112,

[00£ACh PRENIOEHRY b6& 1B pRSEd debtidsn drlio offth&XloW.celp@DMEF
| abeled 11, 11', 11" and 11' " in this Fig. The common

el ect Aedess|00; qauses thafpagor dobsrie cantract, pyghing the figuidpvithin over
are c g{%m%oﬁrfgﬁﬁaﬂéa & oﬂ 'nlﬁé tu%%ﬁ(g%g%ﬁed%‘%ﬁé L gﬁe? ofttht dE&iEe in

the c ectro er comon bus woul
conne darkeMeyjpmﬂsdmalcbtﬂle chespeed 3d2ion Phihe devige kidds ﬂow of

arranged .provides .su s_60 o t hat

£ omb SRR ShE RRgR WHREEH TR ndR S 2B e LGl eurrent
resery @lgfrecﬂmh@fge M¥Tbateni @l kPinatidih@gmahg this pagsial e
preferably organized in a thin fjlmstructure,

(sev eP]&‘FnofT@H%n rdesrrided H’ngFﬁPH?}alh?h?V e anchored to
substrate 106 using various netals which act as the

[Ooﬁ%]: |C te f%(? %llllu%hé%s%régs -sehfon8l ek drRIRNe B ibed in FIG. 4, the
black section in the middle of the device contains the single walled carbon
nano tubes, and the two “empty” holes at each side of the device contain the
liquid which flows from one lobe of the device to the other. Two electrical
leads are connected to two electrodes (in contact with the carbon nano tubes);
please note that these electrodes do not interfere with the flow of liquid from

one side of the device to the other and vice versa.

[0046] FIG. 6A and 6B illustrate one embodiment of the internal organization of the
single walled carbon nano tubes in the device. FIG. 6A and 6B are orthogonal
section of the stack of MINT films 105 and associated electrodes 111 and 112,
each forming device sub portions 11 of FIG. 1, being labeled 11, 11°, 11°* and
11> in this Fig. The common electrodes 111 of sub portions 11, 11°, 11’
and 11°7°, are connected in parallel via a bus electrode 121 for the common
electrodes 111. Another common bus would connect the opposite electrodes

112. This stacked arranged provides subchannels 601 so that liquid can flow

-8-
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deposited. This structure constitutes a single filmor
device portion 11. [0047] It should al so be

wapmsassamt ed that a simlar series of alternat PA@IL2008/000819

channel s between each | ayer of MNT and their

respective electrodes 111/112 and a support substrate
106 can be fornms in a essentially concentric

arrangenent formed by the helical rolling of a |ayer

of MYJerqbd b6t 1o06ef1%ha ROS 88 thRMuAd fek@¥biP460 of MNT device
substrate, as shown in section in FIG 9, which is a
sect | HW-tFheowyntubepase preserably osgraiasdiin a 0 film sutreg(several
conf i

e S8 B RRR RO ot NGB PAMAR, Sl floh et
el ect whidh ap aa e ldcrodedh é)nrta;m of tha I@Ectrag'as randtB & ctide@trim bayer is
appea n the drawing. To. the exte t the ube
o or dopyate T SEYo-o etk Snep dimeF devied Periaht |-

flexible for rolling in a spiral, the rolling or

[0o4@ndi REgh&iad 206 b e evidredlthana Sifrilappelds Sﬂﬂtwmdtmg Rh&inels

substrate 106 not coated with el ectrodes and

nanot Bsween eprl lager QfMNE ed Shetk issrectiynelpeindss 1 byl 12 and a
howevﬁf b sﬁﬁlﬁlateqlog c!nhﬁe £r36 ] PEKSn I c@ﬁcfeﬁﬁ‘ﬁ)ﬁrrangement

connec in th eS|ra pattern. I'n the case of usi ng
mul t i fﬂrmecﬂ by te hteh@al e¢llsmg plhalleyer of NN Tagd elzetrodes Bisgpseg on a

can DReBPRSih gkt SRuAIE SeubP o 5 Ghich f 4 LaL AkGin o

nenbrane
descr pdnadn abﬂmanelwmarln puesstyndigumtion @fsingtt voide suli-h@tion 11 is
ower. |l obe (which.is effective

t
?nl;rrg: saley i g P P PRPY PR e R giodt flste 112
devi cge4@Ro-hdetdier PIE@es n@ﬁaﬁﬁ%ﬁﬂ in e drB®ink ﬁe’lﬂ?ﬂrﬁ%%teﬁ{ DY the

The grey scale on the rma ﬁﬁgsents t ggltudes
of t heandiuds|lasee Aher edest ?ﬁp]e]d/ tage nefsufivigndy sewibledgr
devi c [ }
o SRy R gt SR 3 e
Def or pation of abstrite 1 @ppercohtod wﬂ&ﬁ&dﬁbdes and nanotubes. The

advantage of this configuration however is that all the electrodes are already
connected in the spiral pattern. In the case of using multiple folds the

electrodes, such as 121 in FIG. 6 can be added after folding.

[00438] FIG. 7 illustrates the deformation of the membrane (6uter shell) as described

above, when pressure is exerted over the outer shell of the lower lobe (which
is effectively a membrane) causing liquid flow from one lobe of the device
400 to the other, as well as the reversed flow. The grey scale on the right
represents the magnitudes of the displacement as mapped onto the now
distorted device 400 in grayscale. The solid outline is the undistorted or equal
pressure shape of device 400. Deformation on the upper lobe results in
deformation of the lower lobe, with minor deformation of the central
connecting channel 415 wall. It is also apparent that volume of liquid in the
bottom lobe increases as the volume in the upper lobe decreases. To the extent

that such deformation in channel 415 would damage the MNT array structures



deformation of the |lower |obe, with mnor defornmation

of the central connecting channel 415 wall. It is also
wappmrisste1t hat vol unme of liquid in the bottom PODEL2008/000819

i ncreases as the volunme in the upper | obe decreases.

To the extent that such deformation in channel 415

woul d danmage the MNT array structuresor subportions

11, the wall of the central connecting channel can be

t hi ckesr suhpnmsﬁsomr/]m ﬂ?rvgalmmféeimﬁgl %&21&1; g:gr%r[ﬂegdlzdﬁ be thicker
materials than the _| obes, 4 an
i || ust E%QH showny reiafogeqdwitlh mgtg gid matagialsehan Ba lohyps 501 and

seriesgmpf overlayed short arrows, which is the
di stribution of the velocity of the flow within the
device is illustrated. The grey scale bar on the right

[0048hr oSkt Stilestugteg thervgknsity flow figld diredtionibyy; sem:ﬁeofmfmlmm
I n
5 \(/\(/evhg? 'egh%ﬁﬁ ea?rlggﬁ a@f{ﬁ'&fgg théj%%&%}l{eﬁ git: tgl? g%lo&gﬁ? dtctngﬁox% Wlﬁlln the
cal cul detven is Blubteatdd. Zbepeeyusaln @alFomuhe agEﬂ epesdnt Metogaitude o

0050 G 10, i ustrates i rst enbaqdi ment,
[st r uc% JF é ‘éﬂ%m%{hﬁ ﬁltéﬂ&ﬁ“%aéurfg Hg ’E‘G‘a{?ﬁthe
gener adhan@a aeb (wigde dl%\ﬂaﬁ@ufb@i 1053k aithRt) MY ik Baldul B be
bei ng or her living bein The periodic pressure of
t he pu %%n &ﬁ§§§”¥ﬁéﬁﬁyﬁﬁhgﬁwxﬁonpreSS|on and
expansi on of at |east one |obe to force fluid through

10 [omqanneltxcm&m@ﬂgtebsﬂgeeﬂs&ﬁﬁ@h@o%ﬁ%}e A& & e
batte”%W12O The inplantation can be tenporary or

per mandyice 10P as povigs| gyn%lﬂtllll&@éltOrdn\élwfortlmelantabels in 4 Imman

this ﬁaﬁﬂ% r%tﬁé?%vl‘frg%%[ |?ﬁ>§ e‘l:g):hic r%sshlsé lf@lied gerﬁ%}r%ges the

ext er ressure roun
cont r agtlicdl hanbmvmn iml@pdlﬂﬁbn o a8 Uab;;t&mb ésbetto fdrbefluid through

Per oo ol BE SR, Ol Dlood b cam, heing el

15 whi ch isipiediios cei@Be £RpBrarPBYp&GRaddf. B18&rably at least one of the
lobes, in this example the upper lobe 401, is isolated from external pressure by
the surrounding can 1020. In contrast, the lower lobe 402 is subjected to the
periodical pressure of the blood stream, being either the end of catheter or
cardiac electrode lead 1000, which supports can 1020. Device 100 has

20 electrode leads 1011 and 1012 are connected to the electrodes 111 and 112 on
opposite sides of the MNT array 105 in channel 415.

[0051] FIG. 11 illustrates an alternative embodiment of a structure and method of
using device 100 as an implanted power cell. The catheter or lead upper
portion 1000a contains the can 1020, below which is an open or exposed

25 portion 1025 for lobe 402 that connects to the lower catheter or lead portion
1000b. However, the upper and lower portion 1000a and 1000b are connected
around cavity or exposed portion. It should be understood that such exposed

portion may also be a pliable membrane containing fluid that surrounds lobe

-10 -



el ectrode | eads 1011 and 1012 are connected to the

el ectrodes 111 and 112 on opposite sides of the MNT
wanro@ys3®s i n channel 415. [005 1] FIG 11 il | reTnBi0es000819

an alternative enbodi rent of a structure and net hod of

usi ng device 100 as an inplanted power cell. The

catheter or | ead upper portion 1000a contains the can

1020, bel ow which is an open or exposed portion 1025

for | aie oft @R wdNads IGUVTRhE frth 4 P&HibRVEIhe pBEBIE DEftioR S the

| ead portion 1000b. However, the upper and | ower

por t i eathetgderd- and 1000b are connected around cavity or

exposed portion. It should be understood that such

p o S . o . .

S R A o A T

of | obiehat0@ be appréaiatad thapdevideotdOpofeetimet by inadiieet qotaci with

BB AP S LS i

i | | usthradghvwgher@issuetor Sl d be appreci ated that device
100, need not be in direct contact with blood, if the

riodic pressure of the bloqgd flowis.transmtted . to
0oB i, P Skt 5 i Gadis brshelscited i Simneqtia 1 { prsesied
Whi | e einBediinRMe fitis At ifeSddaas MnHese Edope df the iswRtestd Be
wth a preferred enbodinent, it is not intended to

|'i mi t pekieulaciopa sgfforthebut an EierGoataty oit {atepdgd tocgyasuch
form ggly, tWe%,r}nod?Héatigﬂs,taH@ e ?&lér% ¥s mhf bd %ghfﬂttﬁ@%qt dnQ
cover such alternatives, nodifications, an

equi vatopabfthasnveatiobas gifinkd hy theepppideiclaimsl scope of
the invention as defined by the appended clains. C ai ns
[cl] A power generating device conprising: a) a first
flexible fluid confining | obe, b) a second flexible
fluid confining | obe,
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c) a narrow channel of substantially [ower fluid
capacity than each of said first and second flexible
wohaisdsgwnt ai ni ng | obes formng a fluid comunPCatL2on8/000819
channel there between, and d) the narrow channel
further conprising at | east one layer of MNT's
sel ected fromthe group consisting or SWNT's and
MANT) ' s, the opposite ends thereof disposed toward
the junction between said first flexible fluid
Clainigni ng | obe and said narrow channel and toward the
junction between said second flexible fluid confining
| obe and said narrow channel being in electrical
[c1]0powei atratify dévide dog@rigingd el ectrodes. [c2] A power
generating device according to claim1l wherein said

fl exi tludconlnl Iobes are filled with an
F‘)orﬁérﬁtbq?eé“%%hﬁ uti on. [c3] A power

generati ng device accor d| ng to claim1 wherein at
beasdecandiuxiblofludfconfiging ¢dde, i S exposed to peri od
pressure vari ations, with the other | obe substantially

isolated t hat el ectr te fluid.is

A K AR A A MY
a CykdrTexle Siid fc@ﬁtaﬁ&{g\ﬂﬁs& fbhfink 9Gvad eshnBlugicitiondBsnnel
[c4 A power gener ating device according to claim1l

f urthere pelpsapEdi ng a plurality of substrates for
supporting the MNT's in said narrow channel in

ﬂ}‘ | thé RAfowe Lipnks ofih ¢MImPrisths ROREH 0RO $&! &t I@Nl?%ts%ﬁt:@d from

l'eaving a plurality of Intervening channels for the
f | dhe pfoup kensisting 2abMENT s andl M\Héeré shige wpeasite peds)theseof

P OV\Aggpog ﬂg{;vgl{cf tﬁeg gl%?%f(')r{: get\%g I?xgt #l&rﬂgle %‘u“& gotn]}wn'ig rf?e{)e and

conprising a
MNTsaki nafv@svedhaneh endthvarmths @n@tmmbetwaemﬂ&hmbmaﬂeuble fluid

aspiral, nd arrgy of dj sposed on id substrate
haAORGM B LR fef g NERE e} B eI miHpcation with
I onkARl Blefikaled between the | ayers of the spiral

wi ndi ng.

[c2] A power generating device according to claim 1 wherein said flexible fluid confining

lobes are filled with an ionizable compound in solution.

[c3] A power generating device according to claim 1 wherein at least a portion of one
lobe is exposed to period pressure variations, with the other lobe substantially
isolated there from such that —(electrolyte) fluid is periodically pumped through the

MNT array to generate a current or charge between the isolated electrodes.

[c4] A power generating device according to claim 1 further comprising a plurality of
substrates for supporting the MNT’s in said narrow channel in multiple stacks of
MNT’s disposed on said substrate leaving a plurality of intervening channels for the

flow of the ionizable fluid there between.

[c5] A power generating device according to claim 1 further comprising at least one

substrate for supporting the MNT’s wherein the MNT in said narrow channel are a
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[c6] A power generating device according to claiml
wherein said a first flexible fluid confining | obe, a

weeamsndsfh exi bl e fluid confining | obe and sai dPAQafr.2v08/000819

channel of substantially |ower fluid capacity than
each | obes in fluid communi cation there between have a
dunbbel | shape. [c7] A power generating device
according to claim1 wherein said a first flexible

fdp thdw&ﬁﬂfdrﬂag Bgl\/ﬁ@pﬁtsp@sﬁ 86 QA stibeicMHaQinkidtbenin channels
confinin e are pliab pol ymeri c nmenbranes. [c8]

plonidie f@@fn@frth@ longaue\ﬂutsiebem@@rtb@ Hyetsof heapiralvindiagei n

narrow channel of substantlally | ower fluid capacity

Pt P gh eyt L el

swotinidgflotexa kdcend flexibledhnd comifiming lobeand s[ardg]larmvp ohwanel of

L d
RS SRS HRRGR G ehebofoodh BBy rRE R
uﬁhm&gnmmahhumbaﬂlﬂﬁpapl|able pol ymer menbers of said
a first flexible fluid confining | obe and

PRSBSOSl L e

f dohSihin %'16%‘ Bk&ohd HeLbrRanfid &Brﬂﬂuﬂ%le&i ar@)plidbl8 BEI9AEric
flexible fluid confining | obe a narrow channel of

soesbaes al [y |ower fluid capacity than each | obes in
fluid conmuni cation there between, d) a can having

[ch}ix%iB%xegen‘éﬁ%g H&1&H‘é%c&fdm%atb lafrh rﬁ&rhé’i‘&ﬁ 8GR Qarhbe3¢d Pl e

confining | obes, the can providing pressure
| sibbtantiadly loferdhiid cdpetity lscineredigidenk it fhe gl golymer
SHLLBHY g{" 09 SRk hgmm%r}{md confining lobe and second flexible fluid

confining lobes.

[c9] A power generating device according to claim 7 wherein narrow channel of

substantially lower fluid capacity has a thicker wall than the pliable polymer
members of said a first flexible fluid confining lobe and second flexible fluid

confining lobes.
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e) a catheter or lead for supporting at |east one of
said flexible | obes, said narrow channel and said can,
woheesaissret he ot her | obe not di sposed in said clariis2088/000819
| east indirectly exposed to the external environnent
of said catheter, f) wherein said flexible fluid
confining | obes are filled with an ionizable conpound
in solution. g) the narrow channel further conprising
at least one |ayer of MNT's, the opposite ends thereof
[c1Qji s*‘b%@ém@bl\wp‘d’e‘t gROCTAfAE e HFe BURIESER: sai d fir st
flexible fluid confining | obe and sai d narrow channe
anﬁgpﬁ&gbkq§u1&ﬁghm%ndﬁptmeen sai d second flexible
uid confining | obe and Said narrow channel being in
el ectrical comunication with isolated el ectrodes. h)
Rher wagnd frxible fluisropfiainglele. vari ati on on the | obe not
di sposed in said can, causes the periodic punping of
tcﬂea h RV e SPbislARIBAS ok Nidak pAcﬁZ%anceaaa loB¥eih fRfd
MNT generate a current or charge between the
i sotommeehiedtiootheseiegiwedrel 1] A i npl ant abl e power
generating device according to claim 10 wherein the
h i Kec . )
o A ipo SARASRInE 05 S A 31 {0l AGRHILMhid confining
cat hb@se the[cah plovAlingypkesmteaibdletipouieaiddebreemalidsedjthdesini Gem the
according to claim10 wherein the other |obe not
di S%lg@gg&pg,egvgoangg i s disposed at the end of the
catheter or lead. [cl3] A inplantable power generating
dpva czﬁhmrcm Hechid rfQr stuppmhafg At 128kt wheofdaid fidxébloidbes, shidbarrow

not dis d.in said i § di sposed between. the.e

o QmRLlaRE it G Sivcrednite oftef IPEAGH SIS HoRI Poict oot
genguaédiRExPeH CSHRCRRE &gllioﬂnﬁh%mlh(éaﬂx@fe? her
conprising at |east one substrate for supportlng t he

MNT' s wherein the MNT in said narrow channel are a

dbi wbwemawcﬂeéml%glwéfcowna {abst awsdilish vatha 19qipbls eaugpround

h avinrbglutlon.

g) the narrow channel further comprising at least one layer of MNTs, the opposite
ends thereof disposed toward the junction between said first flexible fluid
confining lobe and said narrow channel and toward the junction between said
second flexible fluid confining lobe and said narrow channel being in electrical

communication with isolated eleptrodes.

h) whereby the period pressure variation on the lobe not disposed in said can, causes
the periodic pumping of the ionizable solution past the at least one layer of the

MNT generate a current or charge between the isolated electrodes.

[c11] A implantable power generating device according to claim 10 wherein the other
lobe not disposed in said can is directly exposed to the external environment of said

catheter.
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i ntervening channels for the flow of the ionizable

fluid between the |ayers of the spiral wi nding. [cl5]
w@ 2oesplssmet abl e power generating devi ce accor di RQTAD2008/000819

claim10 further conprising a plurality of substrates

for supporting the MNT' s in said narrow channel in

mul tiple stacks of MNT' s disposed on said substrate

| eaving a plurality of intervening channels for the
[clﬁmﬂ’iﬂélaﬁﬂﬁle'p@%ﬁ abctutinb Wb cd ARbelinpetowkan. 10[vellebdin e other

I'pl ant abl e power genenathg devi ce ﬁgfordlng Eg claim

1obe notdlispasadtiasaid samis disneged a yhe.end of thercgthgler r tgpd e

bridge c) wherein the isolated electrodes the first

[clgfI gA.Sh%BBHQbf%%g%hg%le}ﬁfngd@@ﬂé abrdidy & Mith 10 Wher&iglthe other

I 'n*si1gnal ni cation with opposing termnals of
shbel neti digpesdt indgid, can irdisineed atwpan the e afsaid gatheter g¥ lead.
sai d di ode bridge being connected to said battery

eneby the fl | 6l Mol ¥ comprisi
[Cl\é\ﬂ sﬁl1 \élap%%}e}% g%gﬁ gé‘bﬁf“lﬁg‘go Qiség ?ccf%gdé?% er ya.u cl7] A TPHEIE
chaegt o sbstedid for coppoirting thg MM’ s avhisesin teWINY in said oawow
bridge c) an flow cell ing first 3
REEEIONE TR AN R
ORRGSEMISE LRNABIO R $hdflow® BF the iMizdbleofMvia Bbtwear eheilayess gfithé
conmuni cation with opposing termnals of said diode
bepitdeindasgl the remmining 2 terminals of said diode
bridge are connected to said battery whereby the flow
[c 1%{]1 ! i @an%\b?é povitr GehTiidd Qiceabicdin@sdibit i Mfiiriher comprising
C arglﬁb of said battery. o . )
a plurality of substrates for supporting the MNT’s in said narrow channel in multiple
stacks of MNT’s disposed on said substrate leaving a plurality of intervening

channels for the flow of the ionizable fluid there between.

[c16] A implantable power generating device according to claim 10, and further

comprising:
a) a battery
b) adiode bridge

c¢) wherein the isolated electrodes the first and second opposing terminals of said
MNT flow cell are in signal communication with opposing terminals of said diode
bridge, and the remaining 2 terminals of said diode bridge being connected to said
battery whereby the flow of fluid over said MNT flow cells results in the charging
of said battery.
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[cI 8 A charging circuit according to claim 17 wherein
at least one of the first and second opposing term na
wozomsgmnal |y biased. [cl9] A charging circui PCT/IL2008/000819
according to claim 17 wherein said MT flow cell
conprises; a) a first flexible fluid confining | obe,
b) a second flexible fluid confining |obe, ¢c) a narrow
channel of substantially |ower fluid capacity than
each of said first and second flexible fluid
[c18ork ghaiging cirgBbemsisigig a flui d conmuni cation channel
there between, d) wherein said a first flexible fluid

gﬁg{ Iobe, a second flexible fluid confining | obe
sal nﬁrrOMIChanneI of substantially |lower fluid

capacity than each lobes in fluid communication there

betadiede brides a dunbbel | shape. [c20] A charging

CIrCUIt according to claim19 wherein said a first

5) BiNG) ﬁw kel ﬁMg ms%d @Béhd dppsasoRemfnaRxi bl e 1 uid

|n|ng obe are pliable polyneric nmenbranes.
5 d) wherein the first and second opposing terminals of said MNT flow cell are in
signal communication with opposing terminals of said diode bridge, and the
remaining 2 terminals of said diode bridge are connected to said battery whereby

the flow of fluid over said MNT flow cells results in the charging of said battery.

[c18] A charging circuit according to claim 17 wherein at least one of the first and

10 second opposing terminal is externally biased.
[c19] A charging circuit according to claim 17 wherein said MNT flow cell comprises;
a) a first flexible fluid confining lobe,
b) asecond flexible fluid confining lobe,

¢) anarrow channel of substantially lower fluid capacity than each of said first and
15 second flexible fluid containing lobes forming a fluid communication channel

there between,

d) wherein said a first flexible fluid confining lobe, a second flexible fluid confining
lobe and said narrow channel of substantially lower fluid capacity than each

lobes in fluid communication there between have a dumbbell shape.

20 [c20] A charging circuit according to claim 19 wherein said a first flexible fluid
confining lobe, a second flexible fluid confining lobe are pliable polymeric

membranes.
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