| MPLANTABLE DEVI CE FOR DETECTI NG VARI ATION I N FLUI D FLOW RATE

Techni calwoi2el1d538p0001] Vari ous enbodi ments rel ate to aaTiSCpd@RVEES e
device for detecting variation in fluid flow rate. Background

. 10[ 0002] Prosthetic grafts are frequently used in vascul ar surgery
in the context of bypass surgery for lower linb ischernia or as a
conduit for haenodialysis in renal failure. [0003] In these settings,
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as worsening ischema and inability to un ySI S.
I nsufficient blood flowrates in these grafts are predictive of

subsequent graft 15 thronbosis ali.d fai l!:‘jﬁ? Underlying this:is the
presence of stenoses in the graft feamfromthe graft. '

Variations in flow rates can localjze the position of significant.
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there are systens using di fferent nodalities to nonitor graft flow
rates and detect early failures. -Taeae rmdil ities include ultrasound,
conput er tonography (CT) scan and gi ograns. The

di sadvant ages. O these nodalities include the need for significant

anounts o edural t Itra ound angi ogram and the use of
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nor bi di ty 0006] -Commerci al available flow raté detection devices
al so exi sh0003}Hagkese settingss gradifgilvze caneeshit i deleferiousrantaoireg fortpatiknts, such
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downst_rearp ﬁom Athe graft Variations in flow rates can localize the position of
siérﬁficant stenoses that may result in graft thrombosis,
[0005] Flow rate monitoring provides an md1cat10n for early intervention to prevent graft
_ failure, Accordmgly, hterature devoted to detectmg failing grafts viz-a-viz decreasing
. 20 flow rates exists. For 1nstance, there are systems using different modalities to monitor
o . graft flow rates and'detect early failures. These modalities include ultrasound, computer
tqmography (CT) scan and formal -angiograms. The disadvantages of these modalities
include the nee& for significant amounts of procedural time (ultrasound, angiogram) and
the use of nephrotoxic contrast (CT scan and angiograms). These procedures are not
25  entirely risk-free for patients and come with some procedural morbidity.

{0006} Corgmcrcialiy available ﬂow-rate detection devices also exist. These devices
" require spe.ciﬁc ﬁser training, bulky machine attachments and significant financial costs.
An examp_le of such a device is made by the Transonic® company. Such systems are not

* implantable. '
30 [0007]) There is thus a need to provide a system that can provide continuous monitoring

;. of blood flow in vascular prosthe:tic grafts using simple hand held devices.



Summary [0008] . According to an enbodi nent, an inplantable device for
det ecti ngvoapiiaseen in fluid flow rate i s provided. ThePCwSGastoanises
device may include: a substrate having an active el enent arrangenent;
a sensor arrangenent having a first portion that is nmechanically
secured and a second portion that is freely deflectable, the sensor
arrangenment in electrical comrunication with the active el enent
arrangenent, wherein the active elenent arrangenent is configured to
det ect changes in deformation of the 10 sensor arrangenent and
produce an output, in response to tSemietrgct ed changes; and at | east
one inductive elenment nmechanically coupled to the substrate and in

el ectrical conmmunicationwith the active el enment arrangement, wherein. .
t he i nduc{0008}] akesrging tb<an afledlifent! en PRAYREtabREdATde! M€ deleBi Variation in
arrangemnent . through inductive ecoupling to an - excitation source,
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The 20 inplantable device is usable as a flow neter or pressure
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implantable sensor that is interrogated through wireless means placed within a graft. The

implantable device can be implerrien_tedi in prosthetic grafts used in vascular

intérvéntions. “Similarly, it can be used in vascular vessels in organ transplants. The

- 20  implantable device is usable as a flow meter or pressure sensor for biomedical
applications both ir:i‘-vivo and in-vitro. | .

[0010] :In the context of various embodiments, the term “implantable device” may mean a

device to be implanted or internally located within an organism. The implantable device

may be responsive to an interrogation circuit Having an .exciter/interrogator element

25  which is located outside the organism. The implantable device has a structure

' implantable within the organism and is operatively configured to carry out or assist in

' 6arrying'_ou‘t a function (such as monitoring a health parameter such as physiological

parameters like blood flow, pressure and temperature) within the organism.
[0011]: In the context of various embodiments, the term “variation” may mean that the
30" - implantable device may be configured to not only sense changes in a fluid flow rate, but

also to detect that a fluid is flowing at where the implantable device is located. In the



1001111 In the context of various enbodi nents, the term"variation"
may nmean WO201%0382480 i npl ant abl e devi ce nmay be confi gur @GTSG20M0100¢893 v
sense changes in a fluid flow rate, but also* to detect that a fluid
is flowng at where the inplantable device is |ocated. In the

context of various enbodi nents, the term"fluid" nmay nean a liquid
(such as water, blood, plasma) or a gas. [0012] The term "substrate"
may be undgftsitosidvariut Rinbeamieatl oS esAMIHARING Qﬁeahe&pgﬁh.c@(cha Gater
"substrate". may refer to bulk sem conductor materi al rmng asba_se’
mat erial bloediplasmal ar p88s-el ectronics thereon or therein or for :
rowt ng f Su enm congduct or- erigl thereon. The term
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fabri cat etcchsology, dgr dbubdtratb’® edayorte So thuek e@nicOiductte Batéridl MBrming a base
substrat e, th_aL' L@ggi re Eeg%er fo work. Exanples of the one or nore
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capacitors, inductors and the |ike. Each of the one or nore SIenent s
may . ser veoumgreplemenss fabnigated aaintdgratedselectohmics thareomsorithdrein the Qb &Bite, itimt

the conte ] 1i nent the term "sensor ar.rangenent" nay
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movabl e portion or deformati on of the deforpable portion changes
the. el ot s, rRgptis: BOuprSmHE techie: HGCBPENEABe oRog Hgpents may erve
enbodi MeNks purPdie SRP SmME hANGRIRM iR, MBaNn a novabl e structure
having .at | east one. portion that is novable or defornable, the
novabl e s00&3iTarthe porseatpd yavipusremhodineends, thenterms Esenborqurangeresnt” mIy enean
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por ti on odefoinmbime ng dhat acuange nffite 1BGvabieypdréonrer Heformationyofske defodmitle
any ‘portion.of the sybstrate. |In othefr enbodi ments, the firs ortion
of 't hi? < shirga i A Rira) PiRertiet AL CRIE SBei e dnagh e glitanisn
of th e at the @&isbr arfidngeMentChhy el & MRVable siriétdrtlhal g \4@ lda@lhe portion that is
enbodi nent s; t heéfér m"freely deflectable" may. nean that the second
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the presepgeciinge in the electrical properties may include a change in the resistance of the

sensing element. ‘In various ‘e'nibodiments, the first portion of the sensor arrangement

- 20 ma}Ir be mechanically secured to any portion of the substrate. In other embodiments, the
* . first portion of the sensor arrangement may be mechanically secured to any poni(;n of the

at least one indljmtive element, | :

[0014]' In various embodiments, the term “freely deflectable” may mean that the second
portion of the sensor arrangement experiences a degree of movement in the presence of

25 fluid flow, which may bring about a change in shape of the sensor arrangement. The
' degree of movement may be such that the second portion of the sensor arrangement

" pivots about the first portion of the sensor arrangement that is mechanically secured; or

may be centered about the second portion itself so that the first portion remains stationary

while the second portion moves.



25 fluid flow, which may bring about a change in shape of the sensor
ar r angeneO 201ks3degr ee of novenent nmay be such that th@CTEGA0HI/000363
portion O the sensor arrangenent pivots about the first portion of

t he sensor arrangenent that is mechanically secured; or nay be
centered about the second portion itself so that the first portion
remai ns stationary while the second portion noves. [0015] The term
"confi gur gsh; N i LS, : i ded
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Sensor ar drahgemettmiyesduf froinpdrtinsyfithd fakor@Shidnivht bEBE Hishlabd, tideh a
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provided as:a separate circuit arrangenent. While in various

enbodi nenimplantabledevice itselfy, The indpeti qnth may dpey ashape hotdimited to that of a
ar rangengixlpgabgd outside the organism the separate circuit
arrangenent may al so be located 25 internally of the organism but at
a di f f er elf01§][ Iacearions remblodineents) ehé rigima fiexaithtéond emires? ey themmate @xternal
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rovabt®e. SPHae GRS HhStor CORISLR SHeriH RRNERT Sl vgme e
Wi t hi.n 't hetreviehlest afdngahbitehonglfihdaativno IThefexéibBionBMabé &a?hgtéfb‘é lét&ed

In the-context of various gpnbodi ments, the term "npvable . .
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mean t he lpcatéd.on of the inplantable device fromwhich changes of
el ectri c_aI.I PJ erties, such as .
j 0019] In various embodiments, the sensor arrangement may include a movable structure;
and at leaét one sensing element formed on or within the movable structure or an anchor
" of the movable structure. In the context of various embodiments, the term “movable

.30 structure” may mean a structure having a deformable nature, which may be flexibly

- resilient. In the context of various embodiments, the term “formed on” may mean that



5 piezoresistance, are neasured to detect variation in fluid flow
rate. Thewvohkangssz46f the el ectrical properties may be bPOU§ER01aI000363
by stress arising .fromthe sensing el enent being deforned, such as
fromdeflection of the novable structure. [0020] In various

enbodi nents, the novable structure nmay include a cantilever or

di aphragm provi di ng anchorage to the sensing elenent. In various
enbodi menf;s, : | d.at only one
end. [ 0020 TR oAl B Wk Rl BPAE BUPRIL Wil R B ER
may i ncl utieitin® noay meametheff the sending élemeittgs embeddedriaside thenacbie @ructire.

pi ezoresi st Qr, capaci.tor, .a .piezoel ectric transducer or a .
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i npl antabl e device may include: a first sensor configured to detect a
first dreBéypresisiancgepisicaseisd ¢¢ deteeipasiator nfwid rilavratd. The cliangey of the

sensor angegtggglig,gg%&ﬁe x f?nag %teeé}aﬁ%}t SB5RY BMi&s %H'éiglg ttﬁOrF E@es %eir}]rglgg 'eéegﬁeglér

structure. havin active el ene ar rangenent,
and t he skaumdefonmshsudbeis figm defebéat of thamoeatiastricnati on with the

active el arrangenent,. erein the active el enent, 20arrangenent
is confi gﬁ];agﬁlt 1o VAR %“E??ﬁfémf'? Pst ep?’@%%ﬁ? Strugtie may Jagluds as captidevan @r
produce adiapirdfrafroGainandhdggd B enRhéifh eRmehhe 18ivhfiSisearSo dREEME ahe
the first pressure and the second pressure; and at |east one

i nduct? vecastilsygniayhemheame suppgriedatsnbionesndhe housi ng structure and
in electrj ORI i A ti . ’
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ar r angenemoret ¢frtbe fdllopangstostires aguuglirag piezozesistors b bafacior, s piezceectand

wherein the Lnductive el ement is adapted to transmt the output from
the active 6f errent - arrangenent . [0023] In the context of various

ermbodi menf0822]t Aecokdingnts S| ewbodimey, 4 afplantdelvidzeice apRlabectity VERRGH iNg
pressure, t,a devi ce be%&g n}cro or nano-sized, The device may be
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properties may include a change in the resistance the sensor.
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the pressure; and at least one inductive element mechanically coupled to the housing

structure and in electrical communication with the active element arrangement, wherein

the inductive element is adapted to power the active element arrangement through

25  inductive coupling to an excitation source, and wherein the inductive element is adapted

to transmit the output from the active element arrangement.

- {0023]'In the context of various embodiments, the term “sensor” may mean a device

capable of measuring pressure, the device being micro or nano-sized. The device may be

sensiti\}e to pressure in that its: electrical properties change when subject to different

30 pressures. The change in the electrical properties may include a change in the resistance

- of the sensor. In various embodiments, the first sensor and/or the second sensor may be



first and the second detectors are spaced apart, within the

i npl ant abve 20mwss®s al ong the direction flow of the fl updriseheng/ 00363
det ect ed. 100251 I n various enbodi nents, the term "housing
structure"” may mean any structure, such as a substrate fabricated
from sem conductor material, upon which the first sensor, 10the
second sensor and the active element arrangenent are provided. In one
enbodi nmen L C nsor. and .t he activ .

ol ement - AT SERaL bRt AR ponl B T R B Ao, housine
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and the agtive el enent arrangenent be nmounted. onto the housing
structur eglermrbtz ZI]] %fencc%ﬁx% 86&@%8@#%%’5’2{5’ ‘ggée"é‘c'g.Wée'éﬁc'éﬁ%?r the second
ar r angemegdnsdétayndyidaddahaiiné fifsfldnoby, the SRl kbfsof Hipar ated circuitry
(ASIC). The application specific integrated circuitry may include a
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interface LISt : ond .sensor.
The. appl | LAY L e SR dcfhel 8 pade enB 10 iy e ITRRAEASYRE it us
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sensor  28U¢7I 18 YaKious cmfogiments, the t6TR SEQUSHESHRICRIE JMAY (2P (fBY FEtigtced -

changes i such ¢ asebsiatOfaBH &N froMf selnf@®n8RASGAhaRfif12 Rich it @rstidhdr2l
data or the output containing information on the difference between
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The appl i gatg,on Cifel Gl oy Glor G LT i.nckude a
data m)dul_at.or% %egﬁgl llel% %gbﬁgggsﬁltaﬁxgdg&lteo&ﬁvgi%ea daa%rgﬁéeob%\r'/“er eka%gﬁ%ed
the at | edigctlpoatoi the hevsivesteicamenty atdikerdatbadinnt, thel fiksa satsos elslédagnd

the digital_data.to the . .at |east one inductive element for
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pi ezoy.esi k. a capacitar, .a piezpelectric sensor, or a_resonator.
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SeNsor MeydfoaRaRE.e I 0ol BRI DRIl el chhfipd nﬁa{y%r{h
nts, tne at e uc

100291 I n various enbodi st one 1 nd ive e gir(rzllen ar'rlay
be f or necnefgymeaiagénaent denice cbepled tmthiedit dgpsamuhindagve dbentent, e power the

b oi EISCHTEvAE. b GHaE Aol 7kstal Ba AOre? B9 thopmogpiaicr.

nitinol or titanium [ 0030] In various enbodi nents, the housing



100321 In various enbodi nents, the vessel nmay have an interior
surface twowhiliszane i npl ant abl e device, built in accor dagtsGeehooses
various enbodi nents, is enbedded. The vessel may be used as a
prosthethic graft. 30[00331 I n various enbodi nents, a nethod of

pl acing an inplantable device into the interior of a vessel is
provided. The nethod may include providing a guide rod with an

i npl ant abl[ﬂzg?‘gbﬁrgnoﬁula\lnbo 1Hw Cﬂ'[ed 6t X\Mr{éeglgl\}téglé elferg}b gs?reiﬂgdZéri s

|nsert|ng e ro eln I’IOI’ _
the at | eae::tmd)rsensbndlagthevEEna}ioea‘rmmtonﬁf:hztnhtal stipngs toa l Micte ¥ieE@orhechbihiag

agai nst- the interjor of the yessel so that th |rrplg table device is
secur ed tB"ﬂ‘Wére] b Sonisxt Pﬁé’a@‘@%“s@’ bodimegts, e‘gel_‘ﬁ'gbr Flpttiogpechaniqalo may

Drawi ngs @ fHat tHe seher draNdehitsic; thd KRt §Q56T RALR tid \RLaed &h%r&%@fcﬁ'tw
refer to. the same parts throughout the different views. The draw ngs

are not néEEsskriricyl prPsTi e(suemassistanee) mstbﬁcthgmérafﬂlbly tbelsmgsor
pl aced upQn,ddelidat bt fr0sehll aBA/oP e %Ego%d% nstoPg ﬁg%&teh ?(? mech c Fforces
Fent s of Jthe A ‘mf &

fol | owi ng escription, various- e nven

descri bedthat triay raiérethe shapetad o hetuhielthovinsg dranpemes; the IflrWCtb@é&r ah D63t
Figure A is erspective view of an inplantable device built
accor di ng ?8“@%58‘ ¥nbodi ment. 15[ 0036] Figure IB is a perspective view:

of a sens@028f THOgR&EHsst atdie tHépl;e%BﬁcﬁQEﬁofj@f{dyC%cﬁfdeFér&UBﬁ pidie of the
100371 Figure:1Cis a perspective view of an inplantable device burlt

accor #f ngfallewinteseasng gicmsnt a@ﬁ“‘t"!’i@a B PEZANESISIORAAPACHAT, a pi§z00i88Tic Fénger; e
2 shows aoﬁ&%%?&?a&drc e s@:ﬁ%@# AlglefHanS BRG L s%néto%ﬁ%ﬁh%@ec bﬁ%é’ﬂs& My be

bei ng part 200f an active e nt arrangemen
i mpl ant abdl@p@edubceveeacthc)ladlaag tre mdectsrﬁbatdnamrahd al AOBed eleingtr forded of

S b TR T S B B o
vessel .~ senso_r and/or the second sensor may be adapted to measure variation in blood flow rate.
15 [0029] In various embodiments, the at least one inductive element may be formed of -
resilient material providing anchorage when the inductive element is deformed. The at
least one inductive element may be a coil. The at least one inductive element may be
formed of nitinol or titanium.
[0030] In various embodiments, the housing‘ structure may be formed of bulk silicon,
20  silicon oxide or polymer.
[0031] In various embodiments, a vessel may be provided. The vessel may have an
interior surface to which an implantable device, built in accordance with various
emBodiménts, is secured through biasing engagement by the at least one inductive
element of the implantable device. In the contéxt of various embodiments, the term
25  ‘*‘vessel” may mean any hollow structure, such as a tube or pipe, that is open on opposite
ends and allows fluid to pass through ihe hollow structure.
" [0032] In various embodiments, the vessel may have an interior surface to which an
implgntable device, built in accprdance with various embodiments, is embedded. The
: - vcss'e( may be used as a prosthethic graft.
30 [0033] In various embodiments, a method of placing an implantable device into the

- interior of a vessel is provided. The method may include providing a guide rod with an



[0040] Figures 4A to 4Cillustrate one inplenentation of the flow
chart of WOQargsx4625[ 0041] Figure 5 shows a prostheti c PCASGROEAM000363
graft that is inplanted within an organism [0042] Figure 6 shows a
cross-sectional view of a portion of the housing structure of the

i npl ant abl e device of Figure 1C. [0043] Figures 7A to 7F show
cross-sectional views of another fabrication process to manufacture a

sensor of . l e . [ ' ordance w t.h vari.ous. .
enbodi mant“gi.} la@%ﬁgéﬂ}ﬂwﬁ&gi&?\ésﬁgﬂd%ﬁ(}egﬁ% ROW ¢ reén\é%so-dgre'e& T ARETURG BgBuste
an assenblrgd prodesisterior pf adessel; andiralphsiiy a;blaﬁ ld@t\/dnﬁsﬁnﬂﬁbﬁ&ﬁf‘eﬁnﬁﬁﬂﬁﬁme
wi th various, enpodi nents . [0045], ‘Figure 9 shows chip architecture,
for an AS|"&Plag§gleg*§waﬁtq bipt b ihe nopres the ¥esselispghat he implasiable device
enbodi nentssecd 08 4bthe hiteliorar i whens a schematic di agram of a RF

front-end of an ASIC used by an'inpl antabl e device according to
vari oud enbodi ments. 5[0047] Figure 11 shows a flow chart

i npl enrented in a digital ba ] caoptroll er. of an ASIC used by
an i npl ant abl e devi ce accorg'rn'g—gcmmﬁgﬁﬂ > gio e e nts. [0048]

Fi gure 12A shows a schematic di agram of a sensor interface circuit of
an ASIC u n i.npl.ant ghl e devi ce according to various

enbodi nenf@34io tn %Foé%‘]‘"@r gﬁﬁﬂer&@%hﬁw%ﬁ i&?v?fgl?bdirs@f don the same parts
i 11 ustrat eirOnbat tHeNdifftrehl i8NS Phe UAIAREAHE nk? Geb&Blirily Q6 SEMQ,U&@?%%@-
[ 0050] -Figure 13 shows a schematic diagramof a SAR Alf: of an A

used BY athsteashzanaralbl beigs plased apew illishatineothe prinpiples exfibelinvention. In the

[ 0051] Fi gyf.e:.14 | ing.tri-1evel sw.tchin
schene. aptogt dSouy FATTRAPRRARRTI TS nlehdsh ad FetGeaiu dteRhee
devi ce actothdiollpwing dramingssin¥adetbodi ments. [0052] Figure 15 shows a
o1 0Dhot (Pl A PhSBRe el IPAANN AL oY LR 2SSAN 8%t

vari ous e
embodiment.

15 [0036] Figure 1Bis a perspective view of a sensor arrangement of the implantable device
 of Figure 1A.
[0037] Figure 1C is a perspective view of an implantable device built according to one
embodiment of the present invention.
[0038] Figure 2 shows a schematic of application specific integrated circuitry, being part
20  of an active element arrangement preéent within an implantable device, according to one
embodiment. ' _
[0039] Figure 3 shows a flow chart illustrating a method of placing an implantable
device, aécording to various embodiments, into the interior of a vessel.
[0040] Figures 4A to 4C illustrate one implementation of the flow chart of Figure 3.
| 25  [0041] Figure 5 shows a prosthetic vascular graft that is implanted within an organism.
[0042] Figure 6 shows a cross-sectional view of a portion of the housing structure of the
implantable device of Figure 1C. ’
[0043] Figures 7A to 7F show cross-sectional views of another fabrication process to
manufacture a sensor of an implantable device, in accordance with various embodiments.
30 [0044) Figures 8A to 8C show cross-sectional views of an assembly process to produce

an implantable device in accordance with various embodiments.



[ 0053] Figure 16 shows neasure waveforns in the ASIC chip of Figure
15. [O054¥ORPHNS82487 shows neasured tim ng di agrans. 20PCUSS2016/000868S
18A to 18D show experinments conducted, for detecting fluid velocity,
using an inpl antabl e device, according to various enbodi nents. [0056]
Fi gure 18E shows data on fluid flow in a nanosensor shown in Figure
18F. [0057] Figure 18G shows drag force on a sensor of an inplantable

devi ce, ap@AsHiFihrt @ Howd ahPRRtcnR PR8I0 %@%ﬁ%ﬁg% QMR device

fabricated sensor, according to an enbodi nent.
shows def arcaedingie vefious yabpdihentsr of an i npl ant abl e devi ce, according

to an enmbgdi,peRt . [ 0] Figure 19C shows. a_schemat i c .of

exper i menﬁfé égﬁg'ég eelg)o%soll'v Rd %ﬁc?’ﬁ‘b‘i glﬁ?@ﬁ’l %fadgéi Eg%p,t'eﬁﬁé’gf‘“&l'r‘%ct‘lﬁe%hy an
enmbodi menimpl&04HO 6dlicddcgondingtd Dapb@temboditdnts of sensor response.

[ 0062] _ Fi &gaﬁe\%’_OA shows a pl ot of parameters for sensors of an

i npl ant ab g, 1100w aitloy ehartdmplamsatrdqip s digitad beghard andreenagider of

shows a siEAQRes (R ' 9 4 ' 21 shows a
schematic of an Sgg%?tél;ug%ggge\%@gg%%ﬁﬁgﬁ %%ggi%n@e(g#é &r. 5

Det ai | ed [0048) Figered24 do65]a Sthemhatid Hiagiangofie saisbeihtatfase cirptii ohar ABKE S

to the ac A rawings that,.show .b f illustration,
specific 'gsg{fg??}s{ "gﬁlagtgﬁlﬁg&%r%r%ﬁ?cgrq'?ﬁ Wn‘faﬁlﬂxi ?{\Aﬁﬁ/‘fdﬂwgﬁf'i on 10 may be
pract i ced[00d9|eBgurer2Bdshoes tastirAing ditesdih itd Qihsirite DPérhiicd 6Nthe d@isdt Intdrface

enabl e t hgse. s L.l led in the art to practice the invention. O her
enbod! frent €Uy R4 4234 i zed and structural, logical, and electrical

changes npysherigmee AR seRand ungratl 8MatdIR SADFU ASR used by an
i nvention. The various enbodi nents are not necessarily nut ual't y Y
excl usi veimpiantablndevigeinsenrdingtte veriqusismbodimisintsed wi t h one or nore ot her
enbodi ”E%ﬁsf]%ign% T4"NE¥s a common-mode resetting tri-level switching scheme applied to
the SAR ADC of an ASIC used by an implantable device according to various
15 embodiments. _
[0052] Figure 15 shows a microphotograph of an ASIC chip by an implantable device
according to various embodiments.
[0053] Figure 16 shows measure waveforms in the ASIC chip of Figure 15.
[0054] Figure 17 shows measured timing diagﬁms.
20 [0055] Figures 18A to 18D show experiments conducted, for detecting fluid velocity,
using an implantable device, according to various embodiments. '
{0056] Figure 18E shows data on fluid flow in a nanosensor shown in Figure 18F.
[0057) Figure 18G shows drag force on a sensor of an implantable device, according to
an embodiment. |
25 [0058] Figure 19A shows a fabricated sensor, according to an embodiment.
[0059] Figure 19B shows deformation of a cantilever of an implantable device, according
to an e_rhbo_diment.
[0060]). Figure 19C showsra schematic of an experiment conducted using an implantable

device, according to an embodiment.

30 [0061] Figure 19D plots results of sensor response.



15enbodi ments. [0066] According to various enbodi nents of the

i nvent i orlvoaoNVessd6 El ect r o- Mechani cal Systens PCT/SG2010/000363

( MEMS) / Nano- El ectro- Mechani cal Systens (NEMS) based flow sensor is

di scl osed. The MEMS/ NEMS 'sensor is an ultral ow power (< [ QuWw) IC.
with a wireless interface. The MEMS/ NEMS sensor nay be integrated
along with the graft 20 manufacturing or it may be placed in a

vessel , 21 Ficars 0bA / r e
sensor Melsﬁj ect ed&Pg%gfaigE:‘ggrce e;rgq tn)g&gﬁaefaat%oﬂl?hl%g@n?ldgww
and thus acardipsicammebadimerdver sensing el ement of the MEMS/ NEMS

sensor . defgy n_in Si. end on sever al
factors, ﬁFFggIﬁ]eZ&ﬁh%va\%esﬁen(?ﬁs)ﬁrﬁﬁ Vﬁ'ﬁ%qyaﬁlc? g‘%ﬁ t he di nensi ons of
t he di aph(()lljlﬂﬂ Eigntd 2 leshewvs astitdnigic dff e it subdbhsie- Aipr@GmatibeADT register.
stiffness of .the diaphragnicantil ever sensing elenent. This

def ormati on i'nduces a change in the el ectrical perfor mance of the

di aphragnf cantil ever sensing el §R&}ied mhﬁptlg be picked by
application specific integrated C) on the MEMS/ NEMS
sensor. Powering of the ASIC and data comuni catl on vvlth the sane is

componant LU i, TRERRR Jelated fegrboh TEHE} 1o Tt Erieains clnEineg

el enent. aslbvgrigyhesy obilluswhtidn, bﬁeqi)ﬁ@detdﬁdaﬂdﬁeﬂb&inﬁ@@tﬁﬁﬁlt\ﬂb&}ﬁﬂﬁ&ﬁk@%ﬂ
10067} In varbl ous éga ﬂi rrentF@] the coil %ﬁlgw des not only an anchor,
but alSo PAXPEiPragtic 56 crPadimaispare descrbedin ufigienteletaiife enahle those
al so-for HGREESH Hel 40 @} rééﬁ&@tﬁerm%ﬁtnﬁ ABle Hb%dﬁ&&&o

def ormabl e/ novabl e str ugt ure which wll be aeef | ect dugp'?% 1? 1em((jjralnd
of fluid $wwralmmteﬁl @a@gkegtr@hlaﬂhg@sesmyebeemdq wallmpdmmrlgaﬁcm thé sdohe
sensor. 19 inVRYaR! Shet dvan Ilkel
causi ng t r ombosi § ] 3@'{6 \{%ﬁﬁggglﬁ%%ﬁaﬁﬁscag% elzlf'rC §s§§]$ve51m 13[5’6%

Var i ous  esfpudémindiments garpbo vordbinéd withnyple am et ether enbsdifieango fdftﬁi/heﬁz@
ultra 5m ni a%udrm eid sensor, ultra |ow power 1Cs and a wrel ess

i nt erface™ 1O &%t i nuous noni tori ng of blood flow. 10100691 Figure °

| Ai's a ppoelestdovdiny tevrits 2Mmbobaileattt FRhEindeMione a MiBrobEled tho-Rfce Rersiald
to one en?odl ment of the present invention. The |%I ant abl e devi ce

100 is suP¥iire W%@F@@rﬁ%@‘%%%@% $xtstemsu (NEMSy\hased dlow) gerpo is
The i npl agitabdea. %E'mﬁ%msseﬂso?@ﬂ ﬁﬁ%ﬁ&g&#ﬁ@ﬂg\ﬂqc&w{tﬁ X%leeless

el ement arrangenent; a sensor arrangenent ing a’first
104f t hatinfesfapec Ahai MHEMS/NESS sensoedmapdbe xepmated paiptg omtliome teerft

IcgrrInrJnl cat’ %grn‘lm\?'\ﬁ%b%rqt mﬂé‘? gﬁ&s lgr?g’:ﬁ’rsaegr r nﬁegiﬁé#O%@ﬁmﬁmbcﬁSWe

el ement aarctsaasgpmrmnhoru fhe:mtmgm)eble iubjeieadetﬁ ldragfang@esnd Hftd@fead mdddamwof
t he sensor Fn out Lﬁmres onse to the detected
N1l *@%@

changes. tﬁ‘ésag oivier Aoy ephe! theEMS/NEM R pfingen deforms.
coupl ed tTheI Jb‘for&i&ﬁ&ﬁ hﬂérﬁ".ltﬂl B yaRfleridbrSleO&hT fa6@ts, GRUTIY RlCRlv) %locn

h
the active el ement arrangenent, wherein the inductive el ement %Oé%é
108 is ad?alié?fbepdt Ebep"mrslqnﬁé)f sy ﬁllalehregl%/ﬁ‘ermlew ﬁqrsgxgmmern,hwbaukghffect the

i nducys V eyt 3R dﬂt ‘ala%ﬂra é&da&n@febﬁgs&g%ﬁu e IPA{ ge g}ﬁ%l#ﬁl& u&TENM

106, 108 1s a ate totransmt t assoc

det e¢t ed- @hagﬁgmshe nlecthealsmrﬁmname roﬁll@emm‘trag’kﬁ)’éantﬂﬁﬁﬁ dchsing eldfhﬂant whlch

enbodi nent hovvn |nb l.lIJ’e | A, the.i gt abl e device 100 has
Willbe. picked ﬂ) ication Specific inte rate circuitry {ASIC) on the MEMS/NEMS

sensor.. Powering of the ASIC and data communication with the same is through wireless

means (RF), i.e. by inductive coﬁpling. All primary components of the NEMS/MEMS,
30 ASIC, diaphragm/cantilever sensing element and anchor coil will be provided in a

- biocompatible package.

10



25 inductive el enents 106, 108. While Figure | A shows that each of

t he two iw@getifogaz4el enents 106, 108 is shaped |i ke a coPCT/SG616/000363
shapes are possible. Wiile both inductive elenents 106, 108 may be in
el ectrical comunication with the active el ement arrangenent inside
the substrate 102 to power the active el enent arrangenment, it is
sufficient to have a first of the inductive elenents (either 106 or
108) be i t ol ; ' | ' . the. acti.ve,.

ol ctrent oY oaarpa® qubbdRPRhe bt BRbuileh noPbify BR SRk 1y Bh iRnes
acts as aindustivy eoengly transfer toapdwartthee ASEC and ntsoffor nagdnidsionesti datefibm the

mat eri al idi ng anchor t vessel 112 tq whigch t i npl ant abl e

dovi ce- 10851 RS SoREane 6 AlRmp AP wa e swreris ek e AP ar e e
def or med. drdg1bf fluid il GNONKIEH cARBOEHAER in Alectdl! PérRtRBhce STMBO LIRS (BGie
shown), the inpl antabl e device may have the follow ng configuration:

a subst r dnevapis he senger hos the adwanpipse of desgelikehyt causingethsambasisy (iny b a
first portig@nithale ,{Igagg)(_:hani cally secured and a second portion that
is freely deflectag e, ‘the sensor being in electrical comunication
wi th the [8068]\éarisue reertodamenssngepamovidd fier ingdéritabde eliewsystenss; havigg bRt
is configured to.detect thag(ggs in d orlggtion f the sensor and
produce &8 TG TR SR OV PR G PR 20 ElSST dRisfacen dor semtimupys
el enent imontRER@0F BRLH YloGoupl ed to the substrate and in electrical
comuni cation-with the active 10el enent arrangenent, wherein the

i nductli ve987 istire |14 SPRArEsclYS YO anHmplantableedavicenidftbuilt penording:tot
through | RAUGIHOUENGR WP thd Brekht IRy EtiGh | BfHe OlhpP A HE de T&e%(?]dq&usﬁﬁt'alylg for
el enent is adapted to transmt the output assocl at ed Wi he:

det ect ed deteghugvariation frefleiddloerrate] 00721 Returning to Figure 1A, the

sensor ar ‘ ng_ : I\S m.cro-sized gr nano' . |S sized structure
havi ng atwm?tﬂ%olﬁnep]l%%?qlf: o‘%"{“ﬁa[dq z'a?nf\/é%sga‘%r ?Q?efl’ﬁwﬁﬁb?“e,ac%‘?? fhgent
act uat i ormahgdnitat;novabbrearpmgémen 104 Hefngra1Aist portioh 108LtEefsanesaRhitally
portign chan%fs t he el ectr.i cg{mggopertl es of the sensor arrangenent

104. Yhe SERITSH g3 ShGonmRoeR atis {reely deflestably. Theeseason gpangement 104
ar r angengain dRérical dobiisiicatibn Wil §R!dcvOEteft AtankliRert CGRALInPAE LEQR

I
104s of the sensor arrangenment 104 (since the secoﬂﬁ portion 104s is
freely delemsgt amngpmen ig penftgarddo detectphangrs pedefprnsition ob fhetshusos dfrvsond

arrange 0 i e r_ar.r angement 104
et ng-ar Eadutd in PRpuOTE Hepdds O R 81208y Slaghll® RERRL onp [ ARAFTERine

t he enbodi0feHi8 shoewhaninalki cpupbedltd, tha suliskrated] 02sandhin atecaridal GerhfiuhiCatibn
wat er,. bl oqd | as or. a gas, flows . t.the. sensor arr ement
e, o e B Plm e e Edtenh v hérel 265 mghcis? 06, 1085 adegicd
drag for e poivet tmha%&lérﬁ@tmﬂg’@nmﬁﬁﬂoﬁﬁ 1St cddpfing @D A" exéRation
arrangenent 104, thereby varyi nrgdt he height, which the tTip 104t of

0 [ 3 !
the sensdPUras ﬂb%g_gh%mduam qheraertt | 8@l 08ri adirtetkiogtapsmit sheeoulpst agseciatede.
The degr egthe Yakdiad LipRASRNORn QY a}rgﬁgﬁﬂeﬂy\’l gate, thus making the

i mpl ant abl e device 100 Sensitive to changes in the fluid flowrate
and al so [6®11d In ¢hedembodimghiestivo n i Figure 1As the dmplagable dehiee el 00Hes two

i mpl ant ab| Vi i C doyn 100731 Fiqure IB i s a.perspective

i w31 el een LREINE vt PR 18 T o o 6007 B8 e
Fi gur e . 1AlemAatsnEo] 105 acGhagsditke 4 Gf], 98i28 Sapad srapasyiBlel WAk oth thdlane
el ect rome&hani cal _structure or.a _mcron electromechanical structure.

100741 THREMEBHs Pl PEngayets in oleqirral (epsmenieation bivith stheuagtive eclement
and at .| @AghacAMAt PnsiNReN fr i
structure 12%_). I F\ the er?b%gi%rrag%?@g h‘g}ﬁ“}’eﬁi tE?g‘Sfr?‘é% %%@eﬁgﬁggggﬁtg s
el ement 3efficiest pr bavede dirsitof ghe induate dfmee (aitheallDE os tIOBE belire elettrical

anot her odi_nent_ (not shown it.wil]l be appreciated that.the
sens Pjﬁg giq;g"r?'glln caﬁ%‘b ("’lﬁg & ggﬁgeg'e:aﬁgy’\%gle?]ﬁ'ét ‘ﬂ%éﬁ*"@ts FGREme: 2sserpd)
In the embdiindwdtive Blewentsiactsi QW dindBy cbing.ore ke eRieHClowhed s£Rsilignta

il



10126. A first portion 126f of the novable structure 120 serves as an
anchor fovouhB/AS3:A6i | ever 126 such that the mechani cal | yCcusiGoonmbises
cantilever 126 is free to deflect, especially at a second end 126s,
S0 as to translate stress onto the.sensing el enent 122. [00761 In the
enbodi nent shown in Figure 1B, the sensing elenent 122 is a nanowire.
124. The nanowire 124 may-be positioned at any suitable position on
or within b a er o]

at a Ioca’ltT{zl gﬁa&,ﬁere ﬁ?gh(glt%y tg?&;@%@ti% &e@#’(:hq l%ﬂ"ablte ﬂifﬁ a{@d's
t her euponattaghed, evlidnethst seesrsl af ke mdhictom élbmemaﬁﬂ\dbfoﬁnécﬂ4 TRENG: another

def or ned f r,.inst b V|n fromthe fJe tion f_the second
ond 106s SPOT RS aieM 5o tbn L@ hewD) B impanisvip. devisesmay hve (e

stress or folo®EdoRTisuNEosd @S&ratEWﬂqfhﬁractlw"ﬁelﬁﬁﬁteaﬁﬁné@yenpea $nsor having
| ongi tudi nal stress, a transverse stress or a shear stress wth

20r espect 2 {5t peion Abasus mechrpically srowrry ang eisaerind gortionrtbasds Epyy delectble,

t he nano | ectrical

b oper 11 eone Serlef bbife B SRENE dohuriHEmoR PRI o Lbhed FEhEERY The,
126 may paadive dbmnt:amd@memes sobgured @ dﬁﬁ:bchmgm ingdeforgiation bE gl se@dor
of the nan Wll’ﬁu e end 124s of, t wre 124 25 form a

source te chant ﬂ'étpﬁ O RFROESS I they t‘ifée H%"c"‘t €dng Pdiets slemen 4y
(not showRgchatieelty esuéd td %Cku%trét@@nd‘%ﬂg}%ﬁﬁalle%‘ﬂnﬁ&ﬁﬁtﬂoﬁW@i@h HePRSEIL e
to the end 124s may forma drain termnal of the nanow re resistor
124 aMt beemgHnurngemen. avhgrein thg dnductive elssnin)s. adupisidate powerathe active

source ( i S r

and one. e abyeRRRRELE, RALARS obhe B ELI AR g pfite
bi as vol tdemerB(s sidapted tg mnsrmhaivmy’utpmmmmadd lvathwhe detdordeshengea 4 thad
the end 1ze4 of the nanow re 124. The further bias voltage source may
be ternmed ps (0079) G ant piezoresistance in the nanowire 124
may be dejioreyt Raﬂhﬁdn@y() Figeumslpmt deBbrafranferfdr A0 ii€ bimiceh-dindiugeshno-
with the exteérnal ctrl bi as descri bed above, Positive bias for
a p-tlpe I SHB"TW@E%(P’E&F& thgleﬁvefﬂoaﬁhqm V‘Béﬂbé%% defyrmable; sothptyactuation
depl et es §fhige RrRRAMIE HRrtlcdtor @'f&ﬂbﬁoﬁ o?'tﬁlac@efﬁltrﬁ rbh anggsolh%te]'lé?:&cal
regi on, which resenbles a tunnel hr oug an e trica
current |Mogpsjigseofdhe sesprarpingemenf 1I04r él"gnemfmmnnmgscmwt ft portion of

current f, it i

combi nat i gﬁ“o? ek %{ﬂkg{&ﬂg}[ rlp %jﬁg?@s ??a:]r ogpuﬁ ?lctg ?58“‘%190‘?%1045 of the
mechani calenst prasgefraest mﬂt(lsmnemeabmnd)ponmalMs1stﬂ=eelg,CdbaJreq€bleﬁrA tRdnge in
conceﬂ)t ra}g and m)blf to achi eve 2’2 el ectrically controll eg

gi ant“pi €25PEEF Y SHESL th %lcﬂ‘é A FORFPERt L) m"’f-“h%"%ﬁg"ﬁmﬂ“%ﬁ’ fethe sensar
stress- gairﬁdgd?ﬁst 104 GeprshdibilideadframBpdsiUR Saedediaet M aPHes. RGO
is the relative change in electrical resistance per unit nechanical

strajn) dmbodpgnt 5@0@1 imFigpgdids aslujth guah asceliqui¢ g, FGiteroblsod pjasma) or
i ncrease pPyRr nRWL aé’tathé’@ensgpgnﬂ‘&ghfe Idép rarzg fog \gﬁfbéals)? d%ythg%nsor
change the gi ant pi ezoresistive coe

the resi strangandny l@Han'ljhmgragkferqcowdbmmae itlen secnod IpiDthhI IOﬁsoi'f thdneensor

char carriers. .1 0801, 1t eci at ed, t hat ce of

t he %zgsnovm ARECIot g(élzﬂ &’e?{)?’u‘éﬂw&q'f g?% o‘O(ﬁfEsﬁ!?Eh“%smét 8 85° sSsor
pi ezor esi#tadgement AdRSTIrGdes, &ofl BHeORLOEAE 1102 SAFB, The Qdeéx%@%alaﬁﬁtncﬁ{ e
possi bl e for -the sensing el ement, 122. A capacitor sensor may

formed bylepsists 9arhe fley fé‘én'éﬁ%f“iakdégéh%maf%@é‘aﬂwf@dl%fe@thﬁth$ in

| ayer- i.n RQet wORE t t,hg at he

attached t?ﬁ ﬂtuﬁ:l(irﬂr(r)ovabﬂ ghgta?sﬁg?%?ggléz &?ggﬁnﬁgr gu?a{%tfli?mé al?e\ﬁ%ere the
the 20 emptadiabterdevisedwiocatad.Fi gure | B. The deflectl on of the

cantil ever 126 causes rel ative displacement between the two plates
and |l eads to capacitance change. By neasuring the capacitance change,
the deflection of the cantilever 126 may be deduced. [0081) Returning
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i nductive elenments 106, 108. \Wen one of the two inductive el enents
serves onw9 20mn/05286provi de anchorage, then the sensor apcasgeomnbetdl
i s di sposed between one inductive elenment and a further el enent
formed of resilient material providi ng anchorage when deforned. The
rust portion 104f of the sensor arrangenent 104 is nechanically
secured, in other words fixed, to the substrate 102. It will be

appreci at g t in.pther ‘enbodi nents of the inventiopn (nof shqwn),

Che i r ot (0GP gy s abecBREt WPy ahgE iehor SmareBt i roaPTAbl
secured, davidet moﬂ\ﬁﬁdﬁ TAXQL mbRicheY aB&Vel ilNscRfort MangdmdRadl i92%ano
i nductive el enent. 00821 In the enbodi nent shown in Figure 1A the

i npl ant abflectepsRgchaniond strysiyre 96 2 Brieren glegtromeshgrical simewrd. 112, The
| 11 ' i f i ehoal. | tah) & device 100
vesse @O?ﬂs’r l?cn?]éng%re:fﬂ' RbEeméHt I%QEinél?dég’;ly @Eeﬁg %tﬁ%&@? I%H, & cfj%\ljllg.%s? one

is secure roug asi ng engagenen one”n TV
el emertt ($£06ng eBSIkndI22 foemedipi dretrabtableckvciues 1AD. InAhé enbadinee siowh e

5 inpl antabl e. i ce 100 _enbedd into the jpteriar surface_of
t he v_esse.'g‘irle%%eese\')%'gggp"%fg?%?slsé’r%vd%%o%aﬁfgﬁ?ﬁ rtg‘? “’Gﬁéﬂe gfucture. In
opposi t e giddter embadinewt {dotiskbv), Ras Helippralited At thE QbAthePAheR 128 is
prost het hic vascul ar graft (labeled 502 in Figure 5) inplanted into

an or gani @ngedfied ipside the mevable sipuEei at ed that, instead of using a
t het higfr3(as G af | i . .
Curgi cal 1507 ARt Bhbdithr b 08 b FLRL] B E AR e Rrdtle T8 ¥ smntles,

surgically 1nserted into a
per spbct i 126. videfursdportiva 13661 efrthe bhevatilevitoett® 020 servgs ps aui ahebori fosithke

a bl ood vessegl . 83] ..The,senspr .104 of the inpl.antap] e device 100

i s adapt et nﬁgv%g%ﬁsrué:LJ 7 the in?)cﬁg?nﬁc Iyo%&”ﬂaglﬁ/ Crrggil Vi H’?i 'ﬁq?r‘f 8rd58r5ts m
and can tdspeoidlyra afsesvnt iehdl B6sTENAS 10 tiagatd btréss RER thd sedgin@ BRhRAe Y92t hi n

t he organi 6% Thﬁ i%'cﬂnt abl e device 100 may be responsive to an 15

i nt er r ogd0P o I8ithe gmbodimenhgfospcing Hgure kB th srneine elsresnsd22 iy paencywies -

pLerrogE i Gt b e, ok o
in elec rmafrhemmy\mr@qtzuqn%g thokiign@f bi ¥y %%ﬁ?@f%ﬁ&gﬁgﬁﬂw the

‘the substrate 102. In the enbodiment shown'in Fi
exci t Br / imechpniegst defomnable pansiléver d2fafor enémple st palogdtincihareithe stress is

arrange sulkstrate 102, schematically .
represe%%stgks‘tg%ﬂ%ﬁg?(%ﬁé grtgﬁsgiﬁeig-'l?%%go&l?% '%b{hﬁ(%ﬁﬁs Ahe® &, tk“ét“l"‘%%"re
sour ce 11Q4rminghizfiemad (fondustinoe by wmivirgh dom) the dpfdation of theewaindRgd 1 D6
active el j.rTFnt atrrangﬁ%eg} of the sybsirate 102 thr ough i nducti on.
The exci tAtPOHCYEYE 201 BensliFsHaayr B Aed WhElG SUess P A \FaMPISHHYE STsRsy
be anot hefurthe Wed Qfess AAY b%th\dﬂ%iufdhﬁll k@60 ¥AFvERE stpddh BH shéa® Arld Gvidk
| east one inductive elenent (106, 108) containing information about

det ec¥led TERERdRENG HenpWEed2hsoi 104. The excitation source 110 may 25
al so.be Qp@¥) Iae:ndhitA s‘?rc%é ﬁfli)ﬁ?é 8L thd"RdnoS/RVY3h i%}glﬁl%e'eﬁ t§ gg@eeadcl}aggé {}ﬁ

receiver and processes t ormat | on about 't ec change
t he sensots el@fricallproperkies, sedhi 3mesvancee 110 may t hen be connected to a

sui tabl e rface that..can process d displ the inf.ormation ut
the det eJP Q}cﬁ c[ﬁarﬁ‘érésdeﬁﬁl’ %8 ‘%BHF% f 1@41“5'9( B’%c‘f %tCBPé%HY%gﬁ‘?S“P{e ﬁ)
be appr edbaiiag at gatd tekanal OFf teviRhowiiel 12he OHeQHASIDAE ofthe RMORIBACE rhdY
anot her separate circuit_ 3Qarrangenent, instead of within the

exci t4t i AT Gurcuecer eyninal b le) nrayiifce 134cand by qoenesirscta 9 sovicewad(nein
| Pl ant abl 2 Hav R g REA bf B AR e p AR BEAIRE Lo O 1245 ray
f 1 ow r at dorm a drain terminal of the nanowire resistor 124 and be connected to a drain pad (not
shown). A bias voltage source (not shown) connected between the conductive substrate
126b and one end 124s of the nanowire 124 may be termed “Vgs”. A further bias voltage
30 source (not shown) connected between the end 124s and the end 124d of the nanowire

124. The further bias voltage source may be termed “Vpg”.
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[ 0086] The i npl antabl e device 150 has a housing structure 162 havi ng
an acti vevelzernss24ar r angenent 152; a first sensor 154 cedaTiSGaries0des
detect a first pressure; and a second sensor 155 di sposed downstream
of the first sensor 154 and configured to detect a second pressure.
The first sensor 154 and the second sensor 155 are in electrical
communi cation with the active el ement arrangenent 152, wherein the
active el t . (havi ppl jgation,speci fi

i nt egr at e@ﬁzﬂrgﬁl{i{ ?3&%%{%5“&?5? nc@%f i"gﬁ‘?"g‘p tloz(iotr)l%agi rl%etﬁeem%sfrgt{ad 1@’ the
pr essur e, mpihdatimcafinm gerss ficld iadhdep madihe eatermabiélpettical didsalesirvgd above.
informatign.on thi" differe%%e leetwee the first pressure and the
second pregYirediaspr g pAxne dsXice (Rrealys Yas fr apariypadsyice) pastially depletes the
mechani ¢aldnywieuph qermifg taiindh0dEB kéhorS b st rdfian, Aktch ResEhbIEL E'tﬁrﬁ-le]
communi cation wth the active el ement arrangement 152, wherein the

i nductd vetheughevhich s clertgal eureanhin eqneeasdpolieis pireb-ofEtegion dsitermines the
arrange ) i i vV .CO i n.excitation s ce
160 The Dausarel AAHAR GBS b koL, M (b3 bt Sl SR
from the detiicatbmbiogand applicaigesithé mkbEanidahstreasi {48 watlived algpvien fndfdoRtthon
on the difference between the firs ..Pressuge and the second pressure.
In the enDBEerAiersFBRRAMTALOR; 3y, BOPIKLY, (ip cackieys 7B ‘éFcéﬂ@rilﬁ’ conprgleb gigat -
152, the ditdosdsistn06 Qi thdhanbWie 9240NThS PREMmehBR @Bfesd Relefidiledd YET,
el enents 156, 158 are mechanically coupled 20to.the housing Structure
162. jf0ogrhibiting panaximem gaae fasionfeauge fagier s the relatiee chapeann abictical
devi ce 150, t I ] i Fi | .C S
that eacheal Tt unitraihatEy SUEATEE ke Juod Fghid ot S Biietsiols 390
coi |, ot H&00kmarses aeebybselusl dhe Wplicatibobhstieadlaloné mey abiathangesthd Bant
158 may he in el.ectrigal co ication w,th the active el enent 25

arr angemfr'ﬁzoiegfl%? o‘i?Fﬁ%&anng%Ttuhg H’gﬁs?rﬁﬁ hapgr: thf desigiance gbyp g, he -
active elcontditraddén adgRoElity oF%hs chatgeicam$end.fi ci ent to have a first of

t he inducb{"{;ﬁ el eﬁnts (either 156 or 158) be in electrical

commufi cd Iyulh b rapppssiatid thak 18 Placs ofdhe mepawizg f 2th qahasratrugmpes (not
Accor di ngh¥wnPs&BCANS pdzotBRior,N5 LG dcHEr, & Fﬁfﬁgle%tr?tp%eﬁlsﬁsofi FUEYtof Bt -
i.e. a further element fornmed of resilient material provi ai ng

anchor agerosaibla forethg s¢nsingotlemensAdy. ocapacitemiserisor ey benfdreet iyl tero gerallele

150 i t f i ti I ts |

dof or red % pURE Rehaified 67 B fhodiaiet Mt MURIN eI oy ki e anc

devi ce nale btheemay fbe attacHedvib nige mondbilg sthadhire 120 abdigtitie RANtHEVa ALY L the
i th i | t . a first - and d .

Sensdl o SRBLTRFUGINE: b LiBT | Pnd i PLECoREIRS cumlever 1136 causes oriatid

the seconfispiRBmait H2ek&a thd e platds a6 llead® MTEHPaSiAinb O Bhatbl By REasdifihh Wi

el ement arrangenent. The active el ement arrangenment iS configured to
obt ai n -t FaPacitarge chargss e deflestignof thesantlgvarias may e dsdussdr , t he second

pressur e 1ged§ eﬁqmtﬂg é(?] %ﬁ? Ezg,n%e ? eﬁp b gm@ﬁtoﬂﬂci? ﬁgsggs%ﬁtbgween the two

cont ai ni ng 1 nf or mat rence -bet ween WO pressures
det ect ed.inddedvé nidoenisvdbell 88re Whansomeahthaiteal ihjuctioe gleabntsasetlee only to

LS A0 S5 e, b S n R TSR e S S
pover t heldtdnt Wad &l RFRST clemeANBRNED bf TG Ml prdWEnE QHRorE when
K deforr'n_éd.. ‘The first portion 104f of the sensor arrangement 104 is mechanically secured,

in other words fixed, to the substrate 102. It will be appreciated that in other
embodiments of the invention (not shown), the first portion of the sensor arrangement

30 may be mechanically secured, in other words fixed, to any portion of the at least one

inductive element.
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10to an excitation source. The inductive elenent is adapted to
transnm t woeonwispus being information on the differencechscesenodse
two pressures detected. [0088] Returning to Figure IC, the first
sensor 154 and the second sensor 155 are m cro-sized or nano-sized
structures, whose electrical properties (such as resistance) change
when subject to different -pressures. 15[0089] In the enbodi nent shown

in Figure measur j.ng the pressure difference at the first
sensogrJ 15&1@%8{% %@%ﬁﬁggte%?ﬁﬁl TSE‘gHTeoﬂé’ Fl_PeuP’EP _E"Rf?‘flﬁ ‘géflcﬁ 10D oy be
(e.g. wat glovidel daslde Pl a&s#l) 110, Th@awdssdl| QY Bis 8 Gdtdor el (@ Which an
vel ocity can be .indi recthQ{ deduced using the Navier-Stokes formula:

- AP/ Ax=81tpRlppebla)deyicei 14 i5) sesaredt thrpighebiasiag iengagement by thatat least joge
t he vi scosgjitdiveP e NshyY i u agius, i.s the
prossure. SUpfizel elebl 316678 pe e kil Welicl (ot affulifiehy e
154, 155 whpaygakltdevitoldldnaebe erabeddBy ifta Kierigterivasufaesreiths vesself 1110WThe
vel ocity at i ous. i.nstances, variation.in fluid flow rate may be
obt i ned. Tieatiais BN SREEs, obfh vShpetiis s & alln H50h See thraem e
di sposed Remvean dfhepiosethddvisaaldf afe (18RSI S inl BBure 1DBimpHRd AL apf
the two inductive el enents serves only to gr ovi de anchorage, then the
first send8rniymyq Ignyl else bsapprraiated ibey inssad af using o proeshetie vossular grad,

i nduct i veyglg ' f - . f ilient |

pr ovi di g ane P an e 10 ol beof R A a MG IS sortil FidsPl
seconil sehsshowssEpasmectieciawiof thd iynpimtableedkvideri 00 bhing pravidisl ifisidesblobd
t he housi ng gtructure 162. It wll be 30appreciated that in other
enbodi nent€°0f the invention (not shown), either of the first sensor

154 "and t [e68HeTinn@nsendarof thdiniFinthide ABEEANIE B ddMp©8 & fiRBsurd VarfiBSin
words fi x%d, o any portion of the at |east_one inductive elenent.
100911 | nPlPef lawys Wﬁgﬂn ameREAnSH andiandhereforg fasilitatp ImanilgEng of e licalth
150 may beurh@¥ dadinl Meidigandny e T5e!imptabRNeWRe 1000R

an inter P%rr surface?t 0. whigac_h 5t he il?r]pg@jl ant abl e ev(i) cea‘\ilg%srl%mg%éc{eu&g#
t hr oubth bintesoagfican ritguite heving  ehetexintéreegator oglenientiu ghaty a@re| mneatectrical

156, 158 ) I b i 20, t ivel t
(100, Lot BSOS R B O Bl . 3o e
t he vesseimbofliment sboved imBigured g tha dxoitértimendgatat didrrentOfden pan ofpPgatate

ds t .| fluidt th h, .that for t of rosthetic
vascul ar SR ATAPEIATD PSS! FHIERAD i esyotin Lo Sahraatisal Feprosented as

100r gani st exditavbn Soundesaobe appreci ated that, instead of using a
prosthetic vascul ar, g%_r aft, the inplantable device 150 may be ‘
sur gi ¥al | MO8 skherexaitatipngonrcy|1 9 gaydgeean inductor (not shown) capable of powering

the active element arrangement of the substrate 102 through induction. The excitation
source 110 may be provided with a receiver (which may be another inductor, not shown)
that. receives the output from the at least one inductive element (106, 108) containing
information about detected changes in the sensor 104. The excitation source 110 may
25  also be provided with a processor (not shown) that is coupled to the receiver and
| processes the information about the detected changes in the sensor 104, The excitation
source 110 may then be connected to a suitable interface that can process and display the
information about the detected changes in the sensor 104 on a computer screen. It will be
appreciated that the receiver and the processor may be placed in another separate circuit

30  arrangement, instead of within the excitation source 110.
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[ 0092J The first sensor 154 and the second sensor 155 of the

i npl ant abwe 20|wisgR6 150 are adapted to neasure vari ati onpcmsghb@ogodssow
rate within an organismand can therefore facilitate nonitoring of a
heal th parameter within the organism The inplantable device 15 150
may be responsive to an interrogation circuit having
exciter/interrogator elenents that are in electrical comunication

with the S 154 . and _155..1n.the, enbodi t.sho i,n. Figure 1C,

t he exci t@ﬁ? %ﬁ%‘ lrlrreg@a'ts(?rpeéslpgﬂgﬁtvée“f 8f-ah 1ppfantakfe dev \;I)GPQPEI EFoIdimeto an
ar r angeneghbodiment Gtheiimplaitibltodtsicad 56 iy dhihble Forlfiectin® 9834ioRNS fuid flow
excitation source 160 may have-an inductor (not shown) capabl e of
powering %0 the active el ement arrangenent 152 through inductive
coupl i ng. i j . inel iver

(o ch 888 Bkl SOUGE POGE TRk SRl 18980 0nk B BLOVE e
from the atangement 5de aifstusensorel 58| enbgired 16 detedisB first rdsaire; 214 a second

i nformation Oog %’Iae dsi‘f%fe-rentce b'etttﬁ/e?.n the t nessyres det ect ed by
the first BEN4gr 4TBI>eH Ay WinEeamsalihe st serspr [adandFRRnanred todefesha sesapd e

160 may apr&Bukee TheditbtRfsoM 154 afd tHeQREQRE QEnsoN P85 ardn SIRAYEA]lcofftnidaion
coupled to, the receiver and processes the information on the

di T f er enciithdiepetiye iranenhgrpngement 82, ehesein dbe active edstasnt arpegementl &
160 ray t ‘ & O LY a i, N : S

ane o Lo| RSP PRRIGE A Onteld SRl LSS 3 o Alnd B RR R
pr essl espreserse tteal senond presspret end pordees .an| dutpvt! ¢onkeniag pnfeemationdod hisd

t he recei d, t.he ocgssor_my' b | aced. i n another, separate .
circuit a&riﬁérﬁg%n%erw,e erﬁlhset @gg p?ﬁ%“frg\ﬂ@ﬁl%nsetcﬂ%d 8Tt i‘%}r}egséﬁpﬁé“%BYe
[ 0094] Fidement A 56h188sisancchbEoallyi upledap hd Kalsing susp@ed {62Candih @Wcaicar
circui.try 200 for. the aﬁlti ve el .enment arrangenent present within both
the substFHIREFIOR N HE aRdYRTIAgen prarsameat 165 vteramdhe ingicaive lsment
devi ce shgen 158 ifla@ated kf paRer MHeIMiSe |lemeh? QPradgdninY kb QHx%u%h inductive
enbodi ments, the application specific integrated circuitry 200 may

5i ncl Bde %HRliRD I amienejtasion cteurce al 6§enThy iriductével element! bk 13845 adapdert &

converter k204 ck _.apnd. co ' 206,,.3n ener .
recovery traaﬂ(gfﬂ gob\%r 6lr!rtgﬁtagfgdrrnlqan!tfwb ol(‘:{E Q%léga‘ng}%&%g}eg nlggultaet or g%‘f o%e%’g
210.. The ihformsaticone theydifférenachetbtancthe fiesyy phaswas afid Heaiasond[ {3036k, Thehe
sensor int eDrface, bbock.z TRy iﬂgﬂl-ude a& angl i fier coij%ed o the
sensor  aPTCRAGRTRL SPOWR AT f75uLs 1Ge HECUYS Flement AANEs RER' [0 she: sk senses y
and condi kot SécdRAkénsod D55 @RISREIndh&Tve Mdnlenthels6C | S0ar6 BROEH KAl chilped
sensor arra}%%]errent .104) fromthe sensor arrangenent 104 or to anplify

and cOndit®shospigs sirectpgdédci ated with i nformation on the difference
bet ween t i ¥=Yc ¥ t i K of.. 154, angd. t

second erggﬂ rliéﬁgee][% g@? gié“e@;/ @![-?.{,]\g& égg:é%ﬁc slgﬁ s',tféé "?Elgﬁﬁgrr%ojrﬁvgc% e1 % fr;lasS t tQ'%
sensor 15ndugtide telementsc bifd 158nsWhild Figurd 3C0ORWs thitecadhtod tho nhve indattive

0 0ok 204 g 5498100, 5 e B BRE e SURR

di gital chbdnsene0n$6y 1168 manved tih Ngledthical otdrULnEARN Wi FRNSQIve element
arrangerrent 104/ fi rét se,ngﬁ)r 1i4lsec,ond sensor_ 155 into _digital data.
Thus, 2t hégagenwd dvérrrayide] geithe duusiag sirectwiey K52a0apoersthg malive eleaent

t he sensQgrah i bk T L Mol %0
formt. 50 i:oﬂoé‘sfg%“é“ﬁﬁ#ﬁaﬁﬁd‘ﬁP‘ér%‘?mgﬁﬁdé“k*ﬁéi“&“%%‘?"ﬂé‘e%“%%%a‘56 or

modul at orl58hbg in electieab cemimuoicatien with hndjpewerdhgyadtive etbateat aroamgemerer] 5of

t he dat | .h t | i nducti.ye el t
106, 108 APBUFIE"3 85358, s MUHUE eBinshTRYs R0R oM bl e By
to the ateldnemstforond ofhekisilieny enatdrRIMPRIVIdiAG andidBage10Oa dBkell Bibt fsB6wn) to

transm ssi.Qn. .Thus, t ata modul ator bl ock 210 nay transmt digital
dat a hr dﬂﬁﬂ‘ {hﬁéma{an}aggscgviﬁqel 5P pgyaftacheds when the second c))/f the inductive elen'?ents

is deformed. Thus, in another embodiment (not shown), the implantable device may have
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25el enent 106, 108, 156 and 158 to an external reader nodul e (such as
t he exci twibizon/05836r ce 110, see Figure | A or the excitaPCo8G3@0NCEB63
160, see Figure 1C. [0099] The clock and control bl ock 206 nay be
coupled to the sensor interface block 202, the data converter bl ock
204, the data nodul ator block 210 and the energy recovery and power
managenent bl ock 208. The:cl ock and control block 206 may have a

cl ock 30cjrcujt. coupled to synchronise the gperati.on of the anplifier
of the soleasibufig Balfurb ot G5 SiEenriSyUR S orelivg ementrapetment; &
conver t er finst sdrser; dad & seRAY eérser dipasek daRdstragk drfike At fenserDthel fatiaen@f
t he data nodul at or bl ock 2%0. Thus, the clock and control block 206
may suppfBf difoEReonn senst bane dn gHeqtacal ronmpeunigation owith Hbe pcgyk slement
Wi thi n t hgraRBhkaat TIRMERE Clekleft Addd @ﬁﬁg Shfifitd /ot the ARY }%@é&@e
energy recovery and power managenent bl oc may have an energy
manageirendetedted by tthe dugl sdsaro thehsecand Ipesasire ateeecteddiuc thiev eecohd mamsbr 206,

108, 156 5 o) t.he.clock.circyuit . of the clock,and control
bl ock 206@8?%%: %n%‘ﬁ?ﬁ éﬁ{a(')'#m% Ngorsné 81 ecpﬁ.férf COPBUREIYS tWp htessures
anal og t oddéayéd. abnelmibactive edidne (s méchuhiealtiaéduplednty d usiak QGkcre@4nd iy
t he data nodul.gator of .the data nodul ator bl ock 210. Thus, the energy
recovery: ‘goﬁﬁ“i?gv@wgﬁéﬁfh Bicorative erpeny an@perpaant.cvhirgip the dpdugive
si gnal s rgegkmad addpiei@pohid iv ' ' SRR -

108, 156 and 158 aﬂ{i ma{}) po&eh?e ﬁlek g%glreingg&?aidggﬁl'g%tetg}ﬁ ? gghxﬁg?{é%er%ot%ggng
ci rcul% r ytoZzmoexcjtargorosiurieg uFke Bdudtomsslemdnt awaddpsadt to3e@sinit] ths butpti bhgng

ot hod ol BlAlfo e dERLABLERIEN IV Ge AGEALLR0, 0 vari 0vS

enbodi ment's, 1nto error o
rod with [@088)nBeantinptocFigerei1€R thei firseasr damasd thetsbcond S&¥BOTE RO hrfcrof
the inventign, is pl‘.O\éi ded. At 304, lt he %ui de rod is inserted_.into
the inter¥ ¥ DaRogsiaed fructipesggose, pleptrcdl  Praprsties(sich ay sesistassenghapge
t he i npl &ﬁﬁ@tﬂuajedﬁ‘éidﬁlﬁe'rér& pkg@k@esed to bias against the interior of
the vessel so that the inplantable device is secured to the interior
of th¥ vd@@889] In the embodiment shown in Figure 1C, by measuring the pressure difference at
' the first sensor 154 and the second sensor 155 along fluid [such as a liquid (e.g. water,
bloed, plasma) or a gas] flow direction, the flow velocity can be indirectly deduced using
the Navier-Stokes formula:
-AP/AX=8n0O/(wR ) +p/(xR) *dQ/d!

20 where Q is the flow rate, 5 is the viscosity, p is the density, R, is the lumen radius, AP is
the pressure difference and Ax is the distance between the two sensors 154, 155 aiong the
flow direction. By taking measurements of flow velocity at various instances, variation
in fluid flow rate may be obtained.

[0090] The first sensor 154 and the second sensor 155 are disposed between the two

25  inductive elements 156, 158, When one of the two inductive elements serves only to
' ptovidq anchorage, then the first sensor 154 and the second sensor 155 are disposed _

between one inductive element and a further element formed of resilient material

providing anchorage when deformed. The first sensor 154 and the second sensor 155 are

mechanically secured, in other words fixed, to the housing structure 162. It will be

30  appreciated that in other embodiments of the invention (not shown), either of the first

17



[ 00103] I n one enbodi nent of the invention, the flow chart 300 may be
20i npl enambeaoi/@ds24bol | ows, with reference to Figures 4ApCo/s€2010/000363
1001041Prior to the anastonosis of a prosthetic graft 412, an

i mpl ant abl e -devi ce 400, in accordance with various enbodi nents, wll
be placed and tested in-vitro, as shown in Figure 4A. At |east one

i nductive el enent provided as a coil 406, 408 is pre- conpressed on a

catheter 420 e rod As a | te natlve .to pre-conpressing the
ol | 250870704 S8 5 R SEoRT 5 oy BRAIchBiay Servrits Phisher Weigs b,

used. [%%?bbﬁi@ﬂo&'ﬂii:%ﬂdaﬁlgalfehﬁ'd&ﬁ{@élﬁﬂém42o into the graft 412, the
pre-conpressed coil 406, 408 or SMA will be rel eased, as shown in

Fi gure 4Bl008H Innthe emhodiaent shown imoBigwiel | Chtheaimptiantabde evibé ri 50 heay be
| I's of e neer

that o of (orPARE stae b Feoecl Mo B P PPACRALS VBl 2 SRAGLSSREe BifRLen
406, 408 whelilpkhiable deicdOlbtdBrsesiree siroagiobiakias eﬁgﬁgembntasy &@aatrl&ist bhe
interior |1 s of, the ft thereby firmy an rin

i mpl ant ab'\l{’va UG @?"ﬁ’ﬁo%é%t 15%}t‘?1feﬂber é‘F‘?%‘H‘fE{C devies dISB ‘@A‘féﬁ‘lﬁt‘gm jthe
used forimgtdbfi Q51504 @fhy Hel EmBdRS §it®thd Bferio? sQﬁac%Lk?fﬂhE h«@%] el Nene
coil 406, 408.firmy ps to the interior walls of the prosthetic

graft 412vesseh rqaw@ev%a gdlow ﬁ@l%ta?hmee En4pposits epdsrioalldwfhud tchpasg rlumfjgh
412 is f T r

wen Dot chiBind BP0 L BlosRARE LAAR Brer AR R S IS PTRNLY REEn
t he irpl angaikdne Hemllm&so%(){pprmtamdvthapmlsmd ubmg &pxbgtﬁéncsxmsmar ginﬁ ng
by- pass can re 5 shows a ros ic vascul ar graft
502 t hat 'Fg’? nﬁﬁ%’f ‘#t[v ]]\%lg]t""?ﬁyﬁ’ea?ﬁr%? rﬁ‘%ﬁf% ETir%'g‘t:l"ﬁsﬁFlant abl e device
100 (see [B09R) EhelfAdt, seh&f? 163 @ad Hicdetsnd s@hsd?r15§Q@ tHeSﬂ@lJﬁ'ta‘Mhr@eifm%AleQre
4C) may be |ntroduced within the prosthetic vascular graft 502, using

the t echridapfed deSteasuse Yatiatan eblepd Mo xas withinr asorganism and qap theefore
prior 10 foRlafhdhitdhg®r a health parameter within the organism. The implantable device

15 150 may be responsive to an interrogation cm:unt having exciter/interrogator elements

E that are in electrical communication with the sensors 154 and 155. In the embodiment

shown in Figure 1C, the exciter/interrogator elements form part of a separate circuit
arrangement, located in the housing structure 162.

[0093] The excitation source 160 may have an inductor (not shown) capable of powering

20  the active element arrangemént 152 tﬁrough inductive coupling. The excitation source

160 may also include a receiver (which may be another inductor, not shown) that -receives

the output from the at least one inductive element (156, 158) containing information on

the d:fference between the two pressures detected by the first sensor 154 and the second

sensor -155. The excitation source 160 may also be provided with a processor (not

25 showujj that is coupled to the réceiver and processes the information on the difference

| between the two pressures detected. The excitation source 160 may then be connected to

a suitable interface that can process and display the information on the difference

between the two pressures detected on a computer screen. It will be appreciated that the

receiver and the processor may be placed in another separate circuit arrangement, instead

30 of within the excitation source 160.
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10t he prosthetic vascular graft 502 into the organi sm 504.

100107 1Fiwonre11®sskaews a cross-sectional view of a porti egr868010f0dsbe
housi ng structure 162 of the inplantable device 150 of Figure IC.
1001081Fi gure 6 shows that the sensors 154 and 155 are positioned

al ong the ~ direction 602 of blood flow, whereby the second sensor
155 is di Sposed downstream of 15the first sensor 154. In the

enbodi nen opn in Figure bot h sensars 154 and 155 are_ enbhedded
in a her nfeot()?%]a#wlgve e Og' asﬁﬁﬁ???‘ﬁtog ,apéﬁmf‘%“ BresBte 'Piegﬁée%éértcb%‘? 200 der thee
surface OictivdCdlefigiTDarpdd@ebnit PrRsdnt I\6ithi® S50 Ithd 2fbsatk 162 288 A8 dhousing
sensor 155. By neasuring the difference between the pressure

exper i encEfpchire { ¢eoffthe gnplanable devicesheme in Figuse tdpad BeneolC. 155, the
f1 ow vel ogy : ' 7

cr 085 sec ool arifis By b AR EbE Wb ebfiudd OBy 200 may
sensors ( suchidathet folowmgddockar 2 ssngemisretfadOdlosi 202) ai datdtoguerer Ibfockr20dhe
first sensor, 154 apd th‘g%%ﬁond' sensor 155 cghown i n Fi urg ICéggf n
| ol dint abTEC kA cRTOL block 26 A FReZEep b R AP DRV S TR ESRSHY Block 368 2wl
I n Fi'gur edaffmoadulstepBIotRL €0, 70R: fusictiiaNtydFdach/blBek heFbOxd MRokayer 702
(such 25 as S$ilicon djoxi dei} Is formed on the substrate 700,

fol | oned 998 Thepseaspidnieriaee plogk 207 guny(isglute a8 asphifier ceupjesk tal the sensor
silicon). .1k ¢ Ny (i ' ' F gqur.e 7 SERSOL

be fabri c%rg—alg éﬂgr%tnlgmgkﬁgfﬁhggﬂn%%ﬁﬁ&szﬁﬁsgpI{jsgl)aﬁl\ﬁéﬁ'e?ﬁmg%v\ever ,'gﬁ Y .
i s al ¥b pleswristed woth pdatéctednchianges dmttheo sensor ragrabgenkens i 104 dronwakhe sensor
wher eby poly-silican be.used for. .t he sem conductor, l.gyer 704.

30[ 001117 acnenr 198 an %’Ppll'@y‘élg COBAUOR D SéaéF%?&‘?‘{/Eﬂ‘? *@5%18? on the
wher eby tdifferehehBelwaenritieo fieht predsurk alcted 1, SIROMRAL kéhshi USH @nd B BkoRe
used to form na%[cl)wi re structures 712a and 71211 Dopant, such as
boron, i PIESTPICAAEEF o thestrs SEN§Pro ] YN raum dhe frss spnsen ot and the sspend
712 so th@hsdpdBhow re structures 712a and 712b formed fromthe etched

sem conductor |ayer 712 are conductive, whereby the dopant
conceht r d00BH The dash cemverier blosk 20demas inchideaneandteg i digonledits comerter

ot ant at i encs <O FRRINEC P e Shith Ol BE otk B, I i dieiglor

on o e strutture
pi ct ur e steowvdrteg canveoyngyihewutplut from the sanséruareangEiBerft A0t isnssh DIHse@snd
the right of B. From Ei gur reci ated that

the str ucslcﬁsroéﬁ%%g"g’a ey datay s’ftg? Yﬁl:gg ‘Iéofélﬁ\é\n’aelfrl ﬂg‘ﬁhgg‘fmys'ﬁ?q%hnabg
nanowi r essigflstfften 8RNSHINY iRb@iRBlock 209 APhAY ebhieft iCiARANbital S8t&1AL aS
boron, is 1 nplanted (not shown) in a high dosage
20  [0098] The data modulator block 210 may have a data modulator that is coupled to the
analog to digital data converter of the data converter block 204 and the at least one
inductive element 106, 108, 156 and 158. The data modulator may send the digital data
to the at least one inductive eler_nent 106, 108, 156 and 158 for transmission. Thus, the
data modulator block 210 may transmit digital data through the at least one inductive
25 eie}neﬁt 106, 108, 156 and 158 to an external reader module (such as the excitation
source | 10, see Figure 1A or the excitation source 160, see Figure 1C).
{0099] The clock and control block 206 may be coupled to the sensor interface block
202, the data converter block 204, the data modulator block 210 and the Energy recovery
and power management block 208. The clock and control block 206 may have a clock
30  circuit coupled to synchronise the operation of the amplifier of the sensor interface block

202, the analog to digital data converter of the data converter block 204 and the data
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10 over the structure 708, except for the nanowire structures 712a
and 712b,wOaofigssa4a | ow resi stance ohm c contact at regPOmSGZLDOIEHGE
712d 'of the etched semiconductor layer 712. 1001131 In Figure 7C, a
pre-nmetal dielectric layer (760a and 760b) is deposited and patterned
to open the ohmc contacts 712c and 712d to expose portions 742a and.
742b of the etched sem conduct or layer 712. A netal layer is

deposi ted sh I e form.,a terco

ey oby Ptk AP B Aeh B2 hiopk 270, 1Bl b R E AL o ey
| ayer .to t@pueclmmc&onnadegﬂameo e Gest WBlthe BIOOLLG RS IRy sHptiesRAL specific
trenches 762 aésee SE %,Pl cture showing a top view of the structure of

Fi gure 7CHntegrate eyt etching into the substrate 700 and are ‘
subsequen ille [ I X|de
quenigoyodyi | | edry tftbr@t PGB GE B lnaB1o8 108 SRafThi] 4P

The stlffenlng materi a y the'r orcenent tr
preci sel yergegy menagemant ¢1tceue:oupln¢ h@thebaﬂdt:ﬂaoye thdnétivg dlehﬁerﬂlll)ﬁ,cm, 156

ot oy ¢ oinys83o BabriRdBlori Sbil ' Bl o RETAIITCRR) (e atplifier of the

rei nfor cemasﬁr mtmmm@mtmmy aBflos 10 dIpRAl dablbontdiRr 5t ink i8MicoAv ARt Blbkial
depositio t| |1 needed for.later formation of nechani cal

struct ur 4 *’sf‘t‘tfltﬂtﬂﬁ’i“ rrfiths date modulatnrdlaski 0t Akus, dhmensrasereennery

trench 7 t Woed

pr e- net a%glﬁgrggﬁ%éepgyteggc760a&gﬁﬁcggor%ﬁ%ﬁgﬁ’% o#'? Iet eya% sfh“/)&%]a
and 7106. thyhelesstiont enduntiverelementall0s] 508, 16 apdll 58 tud/mhy petvcnhthel aplicai@n
the cont Ss%g%lﬁgﬂﬁ#gtggig& J%Q@Wna_s shcwn in Figure 7D. The etched

stiffene ruc in Figure 7D. 1001151An opening 774

(see Figupelaf) is Regurlaad shat at fiew eﬂnﬁhewOStllufstfrﬁﬁ@da Hatiddief BlaRin 1;§1
to form tmpa i cal structure. The sem conductor. substrate 70 _
grinded d & JFYIG50ICEINNG Q& anaRRFmlodiments dnip dsripteEenf asiessslr at e

700, as sjoguez}i n Figus®, 7Eguide doaCivithtAl fpISHERS HeDHce! h‘?a@@?&dnl:@‘(ﬁfh
structure 720, [00116]I n FI gure 7F, the cantilever structure

rel eae carbodnenimel thegnventiens ispprovidedi dd %Othecﬁuldmmdsemwdﬁduuo thre
substrat Guefie 454 Dekshi® ACRIL oPldalt M (AL OL1chle RV BE iRBENLGRIAVEL

substrate 700 ottom Si rough ani so ropic si
[00117] Frrzlganeéso Bids agaiB(C tixhinterior ofthe yessel snthht the dularnibladevissie Rbduyed

process |.ant abl e device (such as the inplantable
8 o B0EHO o e 1R

device 1 IC) in accordance with various

enbodi ner(06103] 00118} | sheFiegibbeinfAt dfMtheasBRAMNY BEOISHSRAYIING M Mbe
the attachnment of a fjrst 10sensor 854, a second sensor 855 and an

ASLC ©hi preimegiefoasfotowsvthreferense o Rigures tdriod&bl e 870, provi ded on
a hol di nqostR$t r at @3¢ lo tHéSinAloRokib P a(ﬂ?bﬁhé?ﬁrgéﬁ'mﬁ %mmp%?able device

400, in accordance with various embodiments, will be placed and tested in-vitro, as

shOWn in Flgure 4A. At least one inductive element provided as a coil 406, 408 is pre-

- comprelssed on a catheter 420 or.guide rod. As an alternative to pre-compressing the coil
25 406, 4(58, shape memory alloy (SMA), such as nitinol, may be used.

[00105] Upon inserting the catheter 420 into the graft 412, the pre-compressed coil

406, 408 or SMA will be released, as shown in Figure 4B, so that the coil 406, 408 will

be anchored within the walls of the graft 412. The pre-compression may be engineered

such that, after the pre-compressed coil 406, 408 is released; the coil 406, 408 will still be

30 under stress and therefore bias against the interior walls of the graft 412, thereby firmly

anchoring the implantable device 400 within the graft 412. Similarly, when SMA is used
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[00119]In Figure 8B, a housing structure 862 having openings 872 is
provi ded.wadhaaiss=6874 i s sel ectively dispensed on a supCace:2e/ obises
housi ng structure 862. [00120] The structure 864 is positioned
relative to the housing structure 862 such 15 that each of the first
sensor 854, the second sensor 855 and the ASIC chip 852 is aligned to
insert into a respective opening 872. The fl exible interconnection

Cooesng i DALRB0E by X ARGl 809 504 Loy e
hol di n98s uhgidra%a%ls&fihe prosmm/gdfttm.f () mgmlrf]te.qte;thu@tmeer Bftﬁtsgeﬂ%dihd?nd
Fi gur e Ive COlIlS not shown) are attached to the

h085| ng st u%‘{ag %F%IFGEF%E Lﬁ"é‘ﬁ cfg’hd‘ﬂ PIRSISy| J@eoﬁan?oteﬂmlﬂngdCSFﬁbed with
connect i ORefi@hd¥l s MBIrRS hnt A ROXNS NG Kt §eE I +F &Qﬁﬁgf‘? h‘%?&n&%lé Fevite®

designed to be flexible to cater for "the coi
r e- shabi n@OOMm\ia@Qt}lﬂt'gqaﬁeés @osshows) dumr;glarmscmtmse 900 for ASI C used

b bI 2
P0103] TR, © o cPiEfY ERRIaaYAdic sty 47 S6TRR0ICRRISise wisn o
power rranaggememtsagl Rhe tﬁmthmamdmwefmer(édeqaghreuctqI B300(séd nghteem)ttirq@b

906, a cl pck extr ctor% SK d nmpdul at r on reset (POR) bl ock
908, a di §F‘f ElBuEssy ad‘éﬁ? thsgosshssic vasrulay raf} T vsing
sensor i nigrécha bH@sehb&D& heefadrtd B F Mo

signal s (Sensorfalu , , Sletnsor 4 andl%gensggfﬁﬁgeé%u?r om génleﬁﬂg?“éuomﬁ

sensoll t thepasdistic Masculaseraly $92duankeergenismfed.anal og out put si gnal

fromthe r int ce e I t|z .
bl ock 912ﬁ)gggﬂconvequgu % m‘%ggrcgg%'sgalt&@t ‘F‘lg‘gn& TRa™ oé'ngogr f WFBEQI“&B%
bl ock 902stiustumé G2 Q:ﬁlhﬂenplentabledthee tiopfiRiguredCe bl ock 910, the cl ock

extractor deno ato OR ck 908 an the wer managenent
bl ock 904 OA%J di gi §‘I"e O%qﬁ&ﬁhfbﬁ“@é Aot ALPRFIONE e he

bl ock 902diktigm 6onbegro@tuﬂw eRbdbs thé Sdtshd Qéréor ﬁss isrﬁlﬁﬂkéﬂ BSPstredIR of
control signal 916 and a gal n _control signal 918. The power

mamagte'sr‘ren‘t“3 B ERsoD 14 sInctBe prberlimgnt shaws ém Eigurq %th?ﬂf %P@eorbllé‘bknd 155302,
t he di gi téihbéaﬁédalrm H&lfne? L0 dinGn Ate Qtllggfekblgt}g ﬂg%%ﬁ%g%&er the surface

managenent bl ock recei ves recover ed
Rectifi erg¢ficsshi HWD‘dJmIEtthrtht First s@rso0 0Bt amdothe second sensor 155. By measuring the

difference between the pressure experienced at the first sensor 154 and the second sensor
155, the flow velocity may be deduced. |

20 [00109] Figures 7A to 7F show cross-sectional views of the fabrication process to
manufacture a sensor (such as the sensor arrangement 104 shown in Figure [ A or the first
sensor 154 and the second sensor 155 shown in Figure 1C) of an implantable device, in
accordance with various embodiments.
[001;10-] ' In Figure 7A, a substrate 700 is provided. A buried oxide layer 702 (such

25  as silicon dioxide) is formed on the substrate 700, followed by a semiconductor layer 704
(such as single crystal silicon). Thus,. in the embodiment shown in Figure 7A, the sensor
may be fabricated using a silicon on insulator (SOI) wafer. However, it is also possible
to perfom fabrication using bulk silicon wafer, whereby poly-silicon may be used for the
semiconductor layer 704. ’

30 [00111] The semiconductor layer 704 may be selectively etched, whereby the

- etched semiconductor layer 712 shown in Figure 7B may be used to form nanowire
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10sends a regul ated DC supply to power the blocks 902, 908, 910 and
912. [O00MO]2the@ss=6tifier/|l oad nodul ator/limter bl ock 90®/sG30100036Ed
to the digital core block 910, the clock extractor/ASK

denodul at or/ POR bl ock 908 and inductor coils 922. The rectifier/l oad
nodul ator/limter block 906 nodul ates data fromtransm ssion data
signal 930 fromthe di gital core bl ock 910 The extracted data is

transmtted. hro f the 922, 7] The cl ocgk
extractor’ z‘g%h Hlb I'“Bcﬁu %roﬁl &4 gali’fﬂ oot ghqwg mto the
di gi t.al cawecmeaﬁmﬂ&aot Dyer Pl sé»eth@ke;madwirats&dctﬁ.%ﬁ & Y£5hdIALS 182fed @om
clock signal 926 and a POR signal 928 to the digital core block 910

The cl ockthe¢tihsd FWA&R‘C&EMI’"&% are/ pofugivecwheelsy therdopent sorcentrifion is
d d
[2cel el Slrafibd bl el 0 incdhe bitfnEalV3 p9ERHAINheIBRNBL Bfhcruges 1104,

cor e 'bf ocindy@b s&wwlaﬁattdnes ﬁ:rllw.ed by oxidation bithe birgrnae G08.t *GBM @icture

900.  Th i.tal b upled to the ADC bl ock 912.
[oolzg].id 09“%% Sl PR Sirad st g OB SR ARt g o oy o iswe 7B From
fol | ovs. 100G récREMAkH tHYstRlcRGK T08 BETb IR A 1d Bfh| fs'eﬁsror (&:ﬁgm

t he rectlfler Ioad 25modul ator/limter block 906) with a parallel
resonant tlicon napewirgsasithe seningelement f r om the rectifier/| oad

modul at or {gbi f3)t € DA RsiKer M ﬁﬁntaaflhfag'?o}&“{%rx fb@?ﬂ&%&o@h?ﬁi‘a }?gl?dosage

[00131]In a vascul ar prosthetic graft, Very ener
13. 56NHz 9vsadheestructure 708, except for the nanowire structures 712a and 712b, to form a low

resistance ohmic contact at regions 712¢ and 712d of the etched semiconductor layer 712.
[00i13] In Figure 7C, a pre-metal dielectric layer (760a and 760b) is deposited and
pattemed to open the ohmic contacts 712¢ and 712d to expose portions 742a and 742b of
the etched semiconductor layer 712. A metal layer is deposited (not shown) and
15 patterned to form an interconnectidn, whereby Figure 7C shows the result of the
pétterning of the metal layer to leave contact pads 710a and 710b.
[00114] Reinforcement trenches 762 (see SEM picture showing a top view of the
structure of Figure 7C) are created by etching into the substrate 700 and are subsequently
filled with stiffening material such as silicon dioxide. The stiffening material is shaped
20 by the reinforcement trenches to precisely define a cantilever anchor boundary during the
silicon release step as a sidewall etch stop. In cases where precise definition of a
cantilever anchor boundary is not required, the reinforcement trench etch may be skipped,
but ‘t'h'e_ 'stifféning material deposition may still needed for later formation of mechanical
st’rﬁdtures. The stiffening material extends past the reinforcement trench 762 to cover the
25  whole ﬁvafer surface, including the pre-metal dielectric layer (760a and 760b) and the
contact pads.710a and 710b. The stiffening material is then selectively etched to open the
éontaét pads 710a and 710b, as shown in Figure 7D. The etched stiffened structure 716 is
shown in Figure 7D.
[00115] An opening. 774 (see Figure 7E) is etched into the etched stiffened

30 structure 716 to form the mechanical structure. The semiconductor substrate 700 is
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an inplanted ASIC, after skin and tissue absorption, for the RF-to-DC

ener gy cowpeosiesedso power the ASIC. Hence, increasing tphesehiionoesssy
of the rectifier and reducing the 30power consunption of the ASIC is
critical. The chip architecture 900 achieves this by providing a
paral |l el resonant LC tank having an. optinmum quality factor and a
highly efficient rectifier designed along with | ow dropout (LDO

regul at or s, 321The resista f now re sensor,s ch es in

proporti of" ?Jggﬂ%&}a% bo‘l‘ﬂ’@ %Cg%@&’?’ qfﬂﬁ%ﬁfr'éfﬁ‘é“dz‘f’t&&R“@H?te%ﬁv@rfihé’“’f‘ﬁé
resi st ancpj tlﬂ:'IEWd%ﬂMﬂE}@%eom&@cﬁrﬂﬂé%st\‘@tﬁl@g@O' s in turn converted
to di gltal data by, for exanple a 10-bit ADC in the ADC bl ock 912. A

cl ock si gifdt18ls extInkigws 7Fy @mcaﬁllPYfééwwe&éﬂrfﬂe&Schﬁlbm denecfzama threetbp
handhel d [

The -sanpl ﬁﬁéé 72@%% n?ﬁ%ﬁdﬁ%é? @)c 1@ ug!{'fg ?(%g%lsﬁ(’ﬁéﬁmﬁ:% % Pr/lo_'Z the
fil 28.5 Thenesandnctat su;laemteéO(o\,bmttmgmﬁe§0051mrougblambtmbm°\6h€brbatclsendl ng a
conmand. sel t| n he or to be re d.and setting, 10the

par anet’ er@foiﬁgh ﬁi’ﬁ‘?g Shn?eéééﬁ?%ﬁ“fs? ﬁ‘é"t'oﬂ ploviewy HgaIABE?eB! cRrogess to
clock is g@ﬂﬁfeainﬁi%pléﬁ%w&ﬁ@(sﬁlﬁ%th@1rﬁﬂ>lﬁhtﬁlblé‘ﬂ@w@é/lfd"ﬁldmc;nmlélﬁgl@}z

and converted to a serial bit stream The digital data is coded
desired f@raqear ?WCNH@YPF@P%W ety 10 and sent to the external

doutoe, DNFSCE! USThG e A0SATHDG BEGRRELRL WAL B ors o
rectifd eryehgad545a seand stasof 185fiand an AT Ckel9P 852 snwegiléxble dnidyconnection
| ow power olta tors e, powner nagenent bl ock ,904
gener at escahlegg-ipegovgfg %lcﬁg stugéjtéag ?gﬁ “f'ﬂﬁ%&igg??‘f’f“ég feSUAYR ock
902 and 2a[08AP] ADC lnrFigle si)G ks Dddrurd O6 Bl BpdningkB72hi9WeoAded.
schemat i g‘?‘&eg ram of @‘GPRF front-end 1000 of an ASIC used by an

i npl ant a 9|88% IetsHERIRgispensehen 8 surtackiob tiehensing sumsirRE63 1 ont - end
201000 copoeRys t O Bk JueMed 884 ﬁ%iolsm;lagécpreliﬁggjc@ﬁ‘;cmyﬁsﬁg s S%ggﬂch

1000 includes a rectifier stage , a clock extract
an ASK dethﬂionaclaﬂbthe{tr@tgenm@% dhel sexondh sguserai Weand sl 4B HE chrip §1521gﬁeal£gﬁ€):B

00136] B (£ 2 -anh ckscatter
Sage. 1008 e inkEE Kopbeilve eBie S22 A e RAGESERL AT e /Gl hen
i nduct or midéd, ma@ommewmsmlezwemdm?a; @r thetlwgsing Qiticthe S6URldecurtd to
t he cl ock ex ctor. ‘st age 04. .1001371Th ower cqQnversion
ef fici enc‘ifE %E?mﬁf'ctsﬁ’zﬂge&g? PP'&}“@PQ@@%@H%S Feéncﬁ’ﬁglt {thgtructure 876

par amet ershofilin Bigaxest.i ng AC energy to DC energy, an eight-stage

1002b
200 [00121) Inductive coils (not shown) are attached to the housing structure 876

through conductive glue or soldering. The connection joints between the housing

structure 862 and the coils are designed to be flexible to cater for the coil expansion

dun'.pg ;c-'shaping.

[00122) Figure 9 shows chip architecture 900 for ASIC used by an implantable
25  device according to various embodiments. '

[00123] . The architecture 900 includes a sensor interface block 902, a power

management block 904, a rectifier/load modulator/limiter block 906, a clock

extractor/ASK demodulator/power on reset (POR) block 908, a digital core block 910 and

an ADC block 912,
30 [00124) The sensor interface block 902 is adapted to condition several input
~ signals (Sensorl, ..., Sensor 4 and Sensor Ref.) from one or more sensors to which the
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differential-drive rectifier is used. The rectifier core 1002a

i ncl udes woanmiBsmss 1012 connected in a cross-coupl ed PCTEG010/000363
configuration. A differential-drive active gate bias 30 nechani sm
1014 enabl es to achi eve both | ow ON-resistance and small reverse

| eakage of diode-connected MOS transistors 1012 at the same tine,
resulting in a high PCE Each stage 1002b is serially stacked al ong

the DC pa nd con in Jar |l el to.the input RF ter 51016
and 1015 ASIC BsoRBRRRT s Pk ARt s Seattrron o B3 ipgres ok do2 her
out put  voligaed b thcrw@tkam 2tahe copleiB@io LRSTPbI BiBeaBD THe SMARE SutdrhiRe
PCE is maximized. [00138] The cl ock extractor stage 1004 includes an

i nput AC- Bloeip198d iarabiol eenmectedda etheshigitel Serenblogk t%lpgg@rclmc}oaatrachéASK
clock si ohodufarsiPOR Hodt/ ods i lhe RN ,még,ggérﬁén%%6%}3%@$ﬁ?h§g%n£@é’om

1004e to a digital core aS|tsr rence
denodu$ at blocls® ngom@eahc saisodinterfacel blodle 962 hyen imegrtti@nagiableaignal 914, an

ar rangenen for nveI cti.on ing circuit 1006b,
a conpar atn%e}gra? 31 %%ﬁa?Eng?ﬁg%%aln ggnt 'Eoﬂé' élﬁgem)dul ator stage .
1006, the[oamml Ope nie pdver hhnkSe@iny B CAGH NRAUpIRY &5thsisemiat mié}ﬁéebroek

conpared, at .the conparator 1006¢c with the average val ue of

envel ope HH2 ﬂhfedlgitﬁrfare blogks?1¢ F'Eﬁﬂhph@‘a\bé?cégqlﬁg erRaWer ﬂ@@mqﬂbeOCk
obtarn a SeERAded [l B! FA! 98 Ndih Rech BAAI 1O fodtlinhlP YBs nd

fl ow chart 1100 i nplenent igital base con
an ASIC usseds diegalatadipl almlﬁ‘btoaml'@v ttedlonks 60211908, 210 and%i12.us

o inacti DR o' ol BoteP e e s SR RnRpled P b dikieba

by an extcﬁrrahloclde‘(ljm ahe clobbggﬂr@tdrﬁisdlbﬂsmbi&ﬂgioﬂPgngﬁﬁl{%USIaﬁﬂ 1ﬁ(ﬂ\.|¥ciﬁfr$:01ls
into a recej node. { 1 |g|ta asepand and controll er
Wil det ¥ nEhsprstifigiioph adiiaigr ﬁamteaé\wwqﬁsmpﬂt&a@md@t@. fFoam dramgyission

(start ofgdsa 3
controller r egrigal)l g sd) Frﬁﬁ]: ﬁgja}getgle%&eb{?g%gma%eoéxﬁgﬁa ght% %ﬁf}ﬂmﬁ@{j

r ecei Yed, eithieofghgreils 928aseband and control | er then det er m nes an

i npl ant | 1108,.0 1

baseband llaand?ﬂont rgll-qeea;lm%: &tﬁaélto% %?éhggg?dn?a%ﬂﬁ} % c%[? flsta 8%83@8‘?5
devi ce nuthe Id@tat trere bDckf910he pASHda ddniodhlaeafderet:evaibdawi)m a déuk s 29
baseband an rall eturps .o its I e at 1102. If
there is "é‘ tclgﬁﬁ TR d? t“altgf)a:b%'baan%?rga\i\%kcgmrgﬁzﬁ%r" ke PR E ASHs
to 1112 tdendfaula@s@ORbIdEk 808 dambaulitbONe $@RFRA sihall ifin kil 30 HRRLAs 922
devi ce regardi nabvarl ation in fluid flowrate. At 1114, the digital

baseb¥nd aderdsihe damedulated data vip taeresivessataienal 924.di gi ti ze the data
provi di nggpgpr mat i %tatl B&c?%&@lb%?rvle?asttﬂg I‘olc sgr{lll:lﬂ'}@’.crh dtchifebture

1116, the digital baseband and controller tTan e 1 nformatlon
on the va0atlihedigital ¢dre blokkPHO fsl coupled hetheiAPE hlocbﬁi;?eband and

GO LT | S SRR BB o0l s oo

circuit ]lBO[Bﬂrpf an DXSI;ﬁwseebobymagﬁblomi 3B | £ red BHEC Frohe @R fHclifled1Bad

vari Ozuss enbc?uqator/hmlter blo& 906) w:th a paral]eI resonant tank at the input, a limiter (from the
' rectifier/load modulator/limiter block 906) and the power management block 904.

[00131) ~ In a vascular prosthetic graft, very little RF energy at 13.56MHz reaches

an implanted ASIC, after skin and tissue absorption, for the RF-to-DC energy conversion

to power the ASIC. Hence, increasing the efficiency of the rectifier and reducing the

30 power consumption of the ASIC is critical. The chip architecture 900 achieves this by
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interface circuit 1200 may be conpati ble wi th nanow re-based

pi ezor esiwOi2on/B81@s0r s used to sense fluid flow, where POESE2NS000863
resi stances change according to pressure applied to the sensors. The
change i'n resistance, AR can be in the range of t10%to 30% The
sensor interface circuit 1200 converts AR into anal og voltage. ,
51001431The sensor interface circuit 1200 includes a sw tched current

i ntegrator_stage 120 oupled to a single-ended to djfferential gain
St age. 120RoVE: aealeh BN LBk Haite an e Qe vtier pad & Highly
expl ai nedefficielit fe6fi fRsrlesi e a&lﬂmro@éfagau:{mbb?beg%m. a timng

di agram and out put voltage waveform of the sw tched current
i nt egr at of0033Hge 1B resisianes of pERAWIFRY SIserstchameT) in rappagtion. ROGpw rate.

switch S ¥ j d [ integrator stage
1202 are. SosyPhERe bl S ecpVelsé WECHSHERED o LB S\ BNG 2 Rhne
uni ty %ai voleagafis guhmt comverttheo diginkbdatatby! fe epmahpa 1806 ABCShakeADO
capaci tor T uri t he period 1208. A non-overl apping tine,
pre-int egl?lgaf'%hfhél ng%ﬂ ,aP ﬁe‘i’\’@%‘ﬁgﬁlﬁ?@‘ ?lbglg?mggrqagaerfma%ﬁﬁemﬁbhand-
i nt egr at i lpdld pevied) FhichiRayiAN QrthSicd RefildnBP £.Qff 18.58RNBOT i

t he piezoresi stli ve ‘sensoyroll)i [ roundJi be]gg{e SgI%gT s rl;hﬁl%%plgggzcrl\%%&m

to

During t hi&e ARG glosk 94 mayne) 106 &Hzowhigl 507,/ 1281 ReeTeverdal SR configuossahed
while sw (s j . ct I r t . is.
then'i nt eartd IS ARG » Snifay 0 SIBIE po BISo BEIGE Hha Lefing
vol t atfe othe pa@miterssushps gaid, iacgmsion tine, stengder ADThHdooki it petock O gengatedf
the integrator, Vouttht..settles vol e .l evel that depends on
both the 1ht See‘g‘%°aft°f3§ ‘Sﬁ‘téﬂ»ll'%e by, g ‘%a‘é\fﬁf%é%ﬁz&d?g‘mﬂﬁS@Y%?hﬁ‘bPéimﬂﬁ’H fiam.
sensor r eBhestigheledath @) tddeldTiaca Sedsigdefonnstent Mutdigital \e8td QOE NP WRMt6 the
fromthe sw t-ajhed current integrator stagjg 1202 is anplified and

convert edPXSna gYies By Bapkscatteringtha inggynins BF samgr Buoyghdead megdulation.
di fferentjpaizmyai n 4 h i-aglesende i f:f erent Lal: i
stage 1204 1hel ude?’g_gﬁ%?&; DG T okl affor?o%dgrégﬁés#cééet%%-gﬁl%%bﬁ

a swi tchedoddgarlimyer blogkndhe is 2guiatelieby dewtpavkr LBO ONERY regulatorst The
1214, a | - Gl far. ( edbacgk .ci,rcuit 1216/1218. The gain
of the sisﬁr?g egt}g%da%gﬂ?@ hﬁ: ¥ egr%g)ng'lgrgelrg‘asa?ﬁs"se abegeri%4v anggsq%%rl t'leos%s 2
and can betecfact blotk Y2 amd aBAR ADXC Brthe ADWT blgtlagtmbl e capaci t or bank.
1001461T ratiqn of e single-ended to differential gain stage
1204 is ;@”Pﬁfm | diere yha Vg 2 %%“BF‘& BgraE Y o uﬁoa}ﬁflég@?fs@ﬁ%ﬁed
in the capseibyin fmplantddle deic@dbeoddidg 1¢ vARbESechhSaiRERY ! Ate RBIRt-end
while the charge at C2 is reset during this period. Wen 52 is

closeld, t180crRegs to an indupter saibi¥ferred to C2. The cycle repeats
agai n. 'Calﬁﬁﬁsl] Of  C3he RF front-end 1000 includes a rectifier stage 1002, a clock extractor

- stage 1004, an ASK demodulator stage 1006 and a backscatter modulator stage 1008.
[001361 | Both the rectifier stage 1002 and the backscatter modulator stage 1008 are
coupled to the ASK demodulator stage 1006 and an inductor coil 1010. The ASK

25  demodulator stage 1006 is coupled to the clock extractor stage 1004.
[060137) The power conversion efficiency (PCE) of the rectifier stage 1002 is an
important parameter. For converting AC energy to DC energy, an eight-stage 1002b
differential-drive rectifier is used. The rectifier core 1002a includes transistors 1012
connected in a cross-coupled bridge configuration. A differential-drive active gate bias
36 mechanism 1014 enables to achieve both low ON-resistance and small reverse leakage of

diode-connected MOS transistors 1012 at the same time, resulting in a high PCE.‘ Each
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keeps the op-anp 1214 in a closed-1oop and hol ds the previous

vol t age. woweuds3246capacitor C3 does not contribute to POE/SGad10/006363
the single-ended to differential gain stage 1204, which (as earlier
mentioned) is given by d/C2. 1001471Figure 13 shows a schenmatic

di agram of a SAR ADC 1300 of an ASIC used by an inplantabl e device
according to various enbodi nents. The SAR ADC 1300 is a suitable

| ut | th | ow pbower .
Sonsurt o5 FOBE S B0 SRAERon S SES Ml GroASlin T HSpe o
and 1304bRFaesiwils 100§ and 10Ys. 1&96@:@%&&9@%@ donfBard @6 Ppropriate DC
conpar at or 08 and SO{V\Jn@Er;:ealé?%é gl c, 10 1310. A non-Dpinary redundant

13
al gori t hnPButHolipEcly melppegating poins aredhriPGE tupaimizede
SAR ADC 1%@38]The tTﬁ@cl@%h‘?ﬁ&%ﬁ Atdvs hofdfes AH ﬁrllg'ﬁf%‘é: L& {eﬁdﬂﬁn@ e

power. consunption, converts t age signa Sew @
conmpar®es 10¢bdod atSwathgghel 00dh.sEhe clpOsightd] dmﬂatbhy tvade 1004 bhifergd

tri-|evel lied.to the 1 ARADC as shown in
Fi gure 14atsl\lg95(?%%d]‘?ﬁ%6@& I ﬁ%ﬁ%g T Gy its foferenss :node resetting
tri-Ievel [(®189)chi ngTh?eChSKEd@ﬂdmla@éﬁ' ithe 10ﬂﬁufhcl%ti&n@ded@-tc@nﬁelat%dtt%smtor
pl at es of theaé:}grﬁamtor array |404a and 14046 (equivalent to the

capaci t or ¥§8 1H{99a fap qnye dgtertiong AR @veraging \gircpis 10AEb, o cowparator
pl ates ar gpgsesal o Buffr Mo0BA.CIAL de %l@ldeﬁgdl}{a&){ gtggoBXO(ﬂgu efvlo yl? itk

MSB can be determ ned during the sanpling peri a nee
anot h&d 2Bcaiyed 4SKomodeted/BsBndet00Gean comparady asthb tcpmparatoc dB06r with rthe

cycle 1s SRBdaRRSRneLuPhSH e Bl RGBS 1nd B0t SILAL AER

the foll owing cap aC|tor pair's w
Vr en, wheaslnaﬂatcbmntaaétfroﬂfaxtdsme:ﬁalfdeefcent| al capacitors are connected

t h t = Vitt/2). Uil th
e < Tovel TBEUCH ndiaiifdfshodns Ro Srom R0k seplambhiein & gitadrsectond and
requires shivbRarAeh ABIE us@l mlﬁﬁ'ﬁa[@arme/dé\w a%éorﬁmglt@mo%s CRABBAifeRtst Ne

conversion. Top-plate sanpling may be subject to Charge injection,
but ubj ngloal‘ﬂlll ly &tfk@ﬂeﬁneudaaltaétbmbamﬁ@ troBerps mmamymsa/\pqw@s'f |

can redu %a@eA?ﬁ @&Rvﬁmnmtw&g@g@%%%gggﬁ acddh{e'aﬁg bASH lbt apge

| evel wou mean an addi t1 onal e sys
t he vol t aayd.coSurelter|enters impe d aeaevebabdeer Anil 106, shegdhgﬁaldﬂﬁﬁblayd Iamd; E:@ﬂﬁdﬂer

t he overal Wer.  cons ion of ,t.he whole s ste to

30avoi d u5|“n‘ge AT Wg Igggjtﬁjggcétef%é]Fv’Cff et ?‘Bﬁéegé/lgﬁ%@ fiamehlf a
desi gned SOF s3dt raceiaed, theadigitateblapd afd bbhtrolled revia®s ifliits! Scd®d mbQe at
Vr ef Whl Cﬁfl S sel é;l’ed to.,be equal . to the input common node vol t age

(Vu, P gtsedvers tandirigalabasehand md icopirelisn thin detergnes an
chip 15OQrd;5§§ﬂj Ilbyatal'iOS, of the external device. At 1110, the digital baseband and controller
cl_‘lecks‘whether the implant ID of the external device matches the ID of the ASIC. If
there i$ no match, the digital baseband and controller retumns to its power off mode at
1102, If there is a match, the digital baseband and controller then proceeds to 1112 to
25  receive data from a flow sensor of the implantable device regarding variation in fluid
| flow rate. At 1114, the digital baseband and controller enters into an ADC mode to
digitize the data providing information on the variation in the fluid flow rate. At 1116,
the digital baseband and controller transmits the information on the variation in the fluid
flow. The digital baseband and controller then returns to its power off mode at 1102.
30 [00142] Figure 12A shows a schematic diagram of a sensor interface circuit 1200 of

an ASIC used by an implantable device according to various embodiments. The sensor
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i npl ant abl e device according to various enbodinents. The ASIC chip
1500 has weenifigbasscat ed in 0. 18pm CMOS process. The ASPCTGIG2Mobb303
occupies a total active area of 1.5x1.78mR2 and consunmes a total
power of 21.6p W [00151i The ASIC chip 1500 includes a sensor

i nterface bl ock 1502, a power managenent bl ock 1504, a rectifier

bl ock 1506, a cl ock extractor/denDduIator bl ock 1508, a | oad

dul at 151 taI ock 151 d an ADC bl ock
Tora 2 90 rRyFRE sl 1A i bd BmBRbE Bl it Fat i SR T trarorasssd
convert ed td amimuﬁmw Wk?r@%%énsbﬁ&es?ﬁtxﬁg@fﬁaﬂ é—?«%@r@ﬂ@toﬁﬁé@%ﬁﬂ&@pﬁﬁégﬁba

d d d clock is extracte romthe incomng carri
Lgale?f ohsf?&?ggsog? %‘&I chagge i iesisianss. (R, cas be in jee mnge LA 184sle A%, The

cl ock for s iARRabl afkic18dcdrbe RS ifleflalg vBRRyert anal og sensor
t

i nformation to digital in 10-bit Al a is processed in
di gi taf biPd83nd anBhe eehsosinterface h:@rcmoa\GOOmdﬂmmcarsvbtahe& cluydf) ihw@grator

pactcoca ik |19 AR AR LR e PSSy
chip 15005q:medsﬁ inferfasCeirdut 1200MBENpLAttd With adibrerehce tbalakare 12BE3RithQows a
Per f or mance, Su Paranpt er Measured Result Carrier frequency 13.56Miz
Mbdul.at i onéﬂ%d BEABIALONBHR vEbER avermae BscWikehed auIres uniegrstor AREe
(progranmedze nodul ati on depth from10%to 90% in steps of 10%
Conmuni cati on Protocol Mdified and sinplified from| SO 14443 RFID
standdtd 9444l er Rering resetoR SBB pe w08 raniige fbat abil G2ker Hffthe sveindiyd :
56% current integrator stage 1202 are closed while switch St is open, making op-amp 1206 in
the u.r_uty gain configuration. The offset of the op-amp 1206 is stored in capacitor Cogp
during fhe period 1208. A non—bverlapping time, pre-integration hold 1212, between the -
reset period 1208 and the integraﬂon period 1210 prevents shorting of a sensor (such as
.15 the piezoresistive sensor) to ground before S2gsr is fully opened. During the integration
' (INT) périod 1210, S1gst and S2gst are opened while switch St is closed. A selected
channel sensor current is then integrated through capacitor Cpyr. During the period 1210,
a voltage of 100mV is applied across the sensor. The output voltage of the integrator,
Vouty, settles at a voltage level that depends on both the integration period 1210 (which
.20 s programx;lable) and the sensor resistance,
{00145] The single ended ‘output voltage Voutyr from the switched current
in:teg'r.at‘or stage: 1202 is amplified and converted to a differential signal by the single-
ended fo differential gain stage 1204. The single-ended to differential gain stage 1204
includes a fully differential folded-cascade op-amp with a switched-capacitor common-
- 25  mode feedback (SC-CMFB) circuit 1214, a switchcd-cap‘acitor (8C) feedback circuit
1216/1218. The gain of the single-ended to differential gain stage 1204 is equal to C1/C2
and can be controlled as C1 is a 3-bit programmable capacitor bank.
[00146] ‘The operation of the single-ended to differential gain stage 1204 is as
follows. ‘When S1 is closed, the input voltage is stored in the capacitor C1. The op-amp
30 1214 holds the previous value while the charge at C2 is reset during this period. When

- S2is closed, the charge in C1 is transferred to C2. The cycle repeats again. Capacitor C3
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Power consunption: 12.8pW ADC Resolution: 10 bits ENOB: 8.6bits @

51 cHz i npaD 2011/053246. 4bi ts @ 25kHz i nput | NL/DNL: 1.5LSBptTRce419B00363
Total power consunption 21.6pW (RE front-end: 5gW ADC. 0.4gW Sensor
interface: 1.4pW Power nanagenent: 12.8gW Digital core: 2pW
201001531Notwi t hstanding the nmaterials, along with their respective .
parameters, presented thus far to fabrlcate an i npl ant'abl e devi ce

t hods n accor ce to |nen s of the invention, an
:Jfr{)rgnfgb £°P3 b¢ B 4N ??ﬂ'i 1 a&&w@gmeaqdo ¢lde thw@ﬁwwow belowever,

conposed efpatiie EPHbRWoRdoATRbAE i@ b Ogamﬂomg %m%%een‘:igd O%fglgnﬁﬁigﬁcsttdgge
par anet ers. ‘£001541The I npl ant abl e devi ce may

bi ocanpat %9 “@&@K&gﬁﬁ@ﬂWn@@msﬁﬂTh@VQEH£6ﬂKﬁkrangenent (104, 404) may

be forned oly sglico C SI|I N de

nitride a0 Y VhebfErs ol Sutipie Reebin bF AR PG TR SR 8l

Wi t h ‘a5t ohsddrycan iefplanablerdevie acdbmirgsto Oariobkémsdditent9f TROSARESDTVIB00
referably al ong one axis for the sensor

SERERICREE T LN I N A
60cnt's, Weddudpfiél.erance of t lcm's and 4ctn/s

[00148] - The SAR ADC 1300 includes a capacitor array 1304a and 1304b, a
switching afray'l306a and 1306b, a time-domain comparator 1308 and switching logic
10 1310. A non-binary redundant algonthm is applied to the capacitor array 1304a and
1304b of the SAR ADC 1300. The time-domain comparator 1308, utilized to reduce the
power consumption, converts the voltage signal to pulse width and compares the duration

of the pulses.
iOOl4_9] A common-mode resetting tri-level switching scheme is applied to the
15 SAR ADC, aé shown in Figure 14. During the sampling period, the common-mode
resetting tri-level switching scheme samples the input signal onto the top plates of the
capacttor array 1404a and 1404b (equivalent to the capacitor arrays 1304a and 1304b in
Figure 13), while the bottom plates are reset t0 Voo which is equal to V2. By doing so,
the 1¥ MSB can be determined during the sampling period without a need for another
-20  cycle for the MSB decision. As a result, one conversion cycle is saved. Based on
previoﬁs bit decisiohs, the bottom plates of the following capacitor pairs will be switched
to eithgf,r Vieetni OF Vier1o whereas the rest of the differential capacitors are connected to
eacﬁ o'thei‘, creating a virtual Vo, (= Vie/2). Utilizing the tri-level switching scheme, an
N-bit SAR ADC with M redundant bits requires N+M capacitors, and takes only N+M
‘25 cycles to complete the conversion. Top-plate sampling may be subject to charge
injection, but using a fully differential structure and complementary switches can reduce
the effect. In an integrated system, an additional voltage level would mean an additional
buffer needed in the system to hold the voltage. Such low impedance buffer will
significantly increase the overall power consumption of the whole system. In order to

30 avoid using a third voltage level, the reference voltage can be designed in such a way that
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10resol ution. The sensors (154, 155) nmay al so be fornmed of poly

silicon sWaAghu/0S8246t al silicon, silicon oxide or nitrideCTEGRUHHLB6E
at | east one inductive elenent (106, 108, 156, 158, 406, 408) may be
forrmed of resilient material providing anchorage when the inductive
el emrent (106, 108, 156, 158, 406, 408) is deforned. The at |east one
i nductive el ement (106, 108, 156, 158, 15 406, 408) may be fornmed of

nitinol of,ti The at one |nd cti |l enent (106, 108,
To6. "35a. Vb L Guuid Vars st e Sh0u® PeEth B 5o FURL outhe ot Seimop e
coupl.ing tmﬁepol\mfgte(andmg@,t)a transfer @s. 56M—Iz 1001571The substrate

(102, 402 be formed of bulk silicon or silicon on i nsul at or.
The housi i@qgh uct uFiguies 5 Wﬂoe rRigroRBetoBRPR jof jag ohS1Cs phip dSAO aediby en

pol yner . aﬂplﬁtgble‘%ke@cgra%’drglﬁg ti) Ralih& éﬁ%ﬁrﬁ@rﬁfo(ﬂtg%ﬁléo‘%h&e 950d ﬂfs been

housi ng structure 162 preferably operates at W power
ar ound3 <16abvicatek ped. i $ron MO8 arec et 00 SIS dhig h&GOmccu;ﬁesamtotalrpc’ctmtaﬂdaloé ‘

devi ce aceQqr 0 _an _enbodi t havi nsi ons of 500um x 500
urn, ﬁg fggﬁg’d aﬂﬁ&%’i‘supﬁfﬁ’ ﬁ;ﬂ "PP’VSTB{% (gb‘f}god) f1 ow condi ti ons :
i nsi de a poasijhet i CTNAAEICXhiPN306 SIS o EhnEéxgHﬁ&Facé%&OxstD f[ﬂfwcr
conducting experinents for detectln? fluid velocity between 10 to

60cm s. 1Genasment plosk bogdy p reqitfier Hloekok e ri dockr exftractar'demodidaionblock
each 0pp0§5639§%tﬁ P dHIESLEG b afﬁﬁ%‘%@% MG 2 oRS aﬂtﬁt%ﬂlélo& fdgure

| 8A. Figure 18B shows the connectio ween orie“end o
prost hiet i D02t 1884 sbmm inmEidurodd, REgeeler i@ a rddder waplcantatatiao DC

devi ce was | cated at, | 6 way from star{ point o

anast ormosT¥PPpP &Y wﬁﬁil)e ‘gg@il Fa'ﬁgﬁb(ﬁé?%ﬁﬁ"?‘@@ %:»mregéqr & ﬂn‘g’%‘lﬂ“&é"db Rlgck
sensi ng eisedm@tﬁd @font hiee inﬂﬁlnﬁigt &, 96&&10&. re}'ét%%lal\w Qaﬁraﬁetgﬁ#&@et the
factor ar%und 60Q, a Iength of 80u dt h um and was able to

def | ect ufietd besehendtlgek forthe Al CK lééi’ctl-‘ﬁ eenepited frocqnver tamalog gensor -
vascul ar gahdatidher tﬁglttzh% ﬂ@lt%@gh@th 1@ i'o%eésgﬁm (ﬁgltﬁrﬂ)%etogﬁan% fed

healt hy prosthetic graft was used. Accor ul't
bl ood!¥ | ol the foed sxpdulaty blaskd& 1o hqusoamrltbc m@lmmmlfmm thlelegternal

device wa a f orce, def or d th vable s ur.e
inthe i n%v?ﬁt %ﬁ%&g‘g\tf%{gn g’la%%mcfe?rgrsproa\tm g #Zdrﬁ’ﬁdﬂﬁaémieh ‘*ﬁ@ chip
strai n antb0Ohperfommowk isssunasarlzed ai Bablekact | y where the strain is high.

The strain changed theTrbesll anc the anovm r i.ch was detected
10 by the ASIC. ﬂma‘r—a-ﬁ(;@%%—eﬁﬁg@é T esu!?%—vet—eﬂl ties of

bl ood was conput @arﬁxé,uﬁe@&m T T FrgurERLgkE T ot gures—i8E and 18F,
it was.noted tha MHM@Mth@D&MHMQmHelOCAﬁUmhﬂﬁﬁﬁﬁﬁﬁﬂﬂmﬂﬁhﬂﬁﬁﬁ ion of
t he sensor i ncr ep@®etl External and Implant from 10% to 90% in steps of 10%)
. o Devices)
Communication Prolocol Modified and simplified from ISO
14443 RFID standard
Rectifier efficiency 66%
Power management block Efficiency : 56%,;
' Power consumption: 12.8uW
ADC Resolution: 10 bits

ENOB: 8.6bits @ 5kHz input

7.4bits @ 25kHz input
INL/DNL: £1.5LSB / +0.6LSB
Total power consumption 21.6u4W

. (RF front-end: 54 W; ADC: 0.4uW,;

Sensor interface: 1.4uW,;
Power management: 12.8uW,
Digital core: 2uW)

0 - [00153] Notwithstanding the materials, along with their respective parameters,

presented thus far to fabricate an implantable device using methods in accordance to
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1001601An experinment was perforned on a fabricated sensor, shown in
Fi gure 19mp20101/088036k the functionality of the sensor foPCrisezannagses
force. Air was blown at 15 different velocities, where a cantilever
defornmed (as shown in Figure 19B) in the direction of the air flow
It was found that current in the nanow re changed with change in the.
air velocity, thereby exhibiting a trend simlar to that discover in

t he si mul MRS d| S ussed a ur.e.19C shqws a schematic
of the ex%@??&r]mn?tscgﬁl CYed o oM ?ﬂﬁ‘gﬂ%&&‘g erPé‘Hfm?CPOaé%cefthﬁd“’(?Pé‘P“
at hi gher magl b)é:lcbmpﬁsedd ofghé Ofollewigs nieiHanabid Have 2@e! follbwing ?%péidﬁ%
to air belng ‘bounced back, thus causing |ocalized turbul ence and
lifting tPAEIVEEE | ever | nstead of drag. Results of the sensor _
response | ot t S F A shows
ho par amorird ot udy o RERA R T End iR BiieinR2 o

per cent ag¥915Yr theThﬁamsmgirqaagmit €1, 40d)hmas be fortnied ©F polyviilitioh, siligle

sont bl oc ke LB hetelagh nd i S RS e g aimooe

shows a s0.6mese%. Suiff mthawmgmsé)%bd) PEKPHE- dlé@%&l OD&e&ﬂmlo?c%nﬁ%sme
wher e sur%]eons start checklgtg flowrate nore often and change

medi cat i offREFISfEeYy echsPrafEraglhycimg s cetnfrethe seron gpnBrgentd 104 404),
shows a sghepRifivid AbwHvilz b | r
(SAR) 2100 e iuid Rbw vy Splocl BERP QOB Wil R ERo e b Bl
pover !¢ eqigselutiamt Thefensars (hitahiBbhey disvitecforuabotipoly dilizoandimgle oeystab
of the prg t v he ADC 2100 was provided inside the ASIC
of the i F(gdr%fg (ﬂ] eé/él%gm@ﬁe SAR and control |ogic block 2102

oper at es Hrlllﬁ‘]ound The5a leaghorecinthingivk elealens tiob] B8, \wstlagecu%lQGS) may be
oper at es c{)gnd 1.2V. The ADC 2100, fabrjcat ed usi ng

t echnol og@ EHRSEg B STal Py \ﬂﬁcﬂ“"]ﬂ%ﬁ@rWaﬁhtl\ﬁ/dﬁd%lj}"éel?@e&tdﬂ(?ér]tog '

data at arssymsk, 466kdsnncicForifeaduhed: QEQ%HQ11§1u9tn?éfél§ﬁédt\(ﬁ)6m1'0§)%6Olf58
bits. 100163] Wil e the invention has been Eal‘tl cul arly 'shown "an

descr Pbed i ﬂ@ﬁ)r@vebeeﬁeeeed of niinelj arititaniumodnerenleast one lrwdh@meceletmnt (106,
under st Ooﬂ)SbySé hl%§e4§é<'40?] ﬁre'fé}a%wbﬁ)ﬁ%{ﬁeszﬂéggﬁa&%&?&c&/ 0 %g cbt?pl{n% é}g}

and detail may be madé t el n ing e sSprri
scope of Rd\‘@rﬂnd/wa trmfa@ﬁbﬁémw by the appended cl ai ns. The scope

hantes JRPELL O 1 i 2182 3! o B TR SRR or Moo on

changes cone
1nsulator The housmg structure 162 may be formed by silicon, silicon oxide or polymer.

20 The ASIC provided in the substrate (102, 402) or the housing structure 162 preferably

¥

: operates at low power levels of around <10uW,

Experimental data

25 [00158) Simulation of an implantable device according to an embodiment having
dimensions of 500um x 500 um, was performed under laminar fluidic (blood) flow
conditions inside a prosthetic vascular graft shown in Figures 18A to 18D for conducting
experiments for detecting fluid velosity between 10 to 60cm/s.

[60159] In the experiment, a prosthetic graft was fused at each opposing end to a

30 respective blood vessel, as shown in Figure 18A. Figure 18B shows the connection

between one end of the prosthetic graft 1804 and the blood vessel 1802. The implantable
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nmeani ng and range of equivalency of the clains are therefore intended
to be enbwaced/s3E@BEAIMS 1. An inplantabl e device for deCEsSGR2oNg/000363
variation in fluid flow rate, the inplantable device conprising: ba
substrate having an active el enent arrangenent; a sensor
arrangenent having a first portion that is mechanically secured and a
second portion that is freely deflectable, the sensor arrangenment in
el ectrical, communi caﬁl on Wi tﬁ t he aC:l',rp e el enent, ar tan genment, wherein
t

the activa®AFeRERIOFHMJ@ATERECT aveh oy ticetirt Boiake E'E’aslﬂﬁ‘&mfe@quﬁnal)

def or mat i 8fliceh nbMBvis@&NSATWI Qadié ﬁ%e.ﬁﬁﬂé s@i@ﬁg@]é?l?éﬁ?seofatﬂe *HpIR bl!e Bevice.
response to the detected changes; and | east one 1 nductive

el ement naBASRY Waiady sagemfaster around 60% @dmgﬂap&m ajwidd Qféum amdlwas able
t C erei n

communte2id el 1 PEECHR ISCREDL 3LAAAPIELIor R Bl o noe

t hrough i ﬂﬁumlamtabtmdm’ﬁueng ldcatedtandal&mt 4 htalty psesthietie grafheaensed! Pecording

i nductive el enen t to, transmt_ the oufput associated
PR R AN AL LRSI N W AR S
el enent i &ra@?ﬁ@é{ﬁ‘ﬁdtﬁe BFd2Viofte dBfdindd tHOmEVHHROGARREe inthE %%l@@%bllé"'dte\t’lc@”
interior surface to which the inplantable device is attac

The i npl ahbadk @T%Pé\PPélffeﬁﬁd dangeynthe sirpin andqthe hencezorq was 1e¢%¢r~bmactly where
arrangenef ¢QinGOHRL §hS 4 lch J:l 385Gl & Baei-%@ egvh rw(r:alélde{eXted
PERLT

3. The inplantab Ice o ereln & 2at
speci.f? ¢ bnthegkliCedThd dragifercy offemi forsesioas ﬂam}eidcit&s o@tblqoﬂeﬁhstcOmbhted

nt ant a e of claim3, wherejin
The appi| L TERRap FifHe 480 pPehigea FE an {§F.ihienBpict S whes g
anal og to\faocgtytlaéresbaa,ademﬂmaﬂbfm@umseﬂmmaéehe anplifier, the anal og

to digital] data converter converting the output associ at ed with the
detected RA®les i nA’E'WéP%‘HH%rW%rP%a@'@ﬁ%ﬁP 3 fabsiceipdisensor, chpwn i Figure -

5. The i nplgnit @bl QH& %c‘%nﬂlt?'o’ptﬂe sO6E S inkNRa R RALL Catik 8 hfalt ¢
Jorthe Yo o |

i ntegrat ed Circuitry furt her conprises a data nodul ator co
t he ahﬁal ogffieryntj|vglopaies,dardlare33 cantllever deformed (as shown in Figure 19B) in the

direction of the air flow. It was found that current in the nanowire changed with change
- in the air velocity, thereby exhibiting a trend similar to that discover in the simulation
results discussed above. Figure 19C shows a schematic of the experiment conducted.
From the experiment, it was found that at higher velocities, drag force was dominated by
20 lift force due to air being bounced back, thus causing localized turbulence and lifting the
cantilever instead 0f drag. Results of the sensor response was plotted and shown in
Figure 19D.
(00161] | Figure 20A shows the parametric study of the strains obtained for various
blockage percentages for the varying parameters such as cantilever width and length for
25  sensors in a graft having no blockage, 25% blockage, 50% blockage and 75% blockage.
As an illustrative example, Figure 20B shows a stenoses graft having 50% blockage.
50% blockage is a point where surgeons start checking flow rate more often and change
medication and prepare for surgical pﬁ)cedures.
[00162] Figure 21 shows a schematic of an 8-bit successive-approximation ADC
30 register (SAR) 2100 with sub-threshold control logic, able to meet ultra low power

" requirements of an implantable device according to embodiments of the present
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AMENDED SHEET 1PEA/ AU converter and the at |east one inductive

el enment, waeodasaz4nodul at or sendi ng the digital data toPCISGad10loemsss
one inductive elenent for transm ssion. 6. The inplantable device of
claim5, wherein the application specific integrated circuitry
further conprises a clock unit coupled to synchroni se the operation
of the arrpllfler the analog to di gltal data converter and the data

modul at or . T bl e dev one_qf clains 5 or

wher ei n tHéeQ%cE %@h@b@@% PEOVI‘ ‘;@ftt iI‘SBfJ r‘V‘PgﬂWWéjrewce The
conpri ses SAR aemefowom@.a@mm op B?érat@@h’t@r&ﬂldt%‘? hﬂuﬂth@Ievlax%%ﬁ%er 991%]

i nductive el enent, to power the clock ucdt, the anplifier, the ana

to digi t aPlefpreratshabarasnd 4l + HehedADS 2iu fabrisated !@mgT‘hé&lmrpﬁcamlaw e
devi ce of .ANYMRASHL: ilﬂ%\?rcﬁ%‘é}eﬁ%ﬁ v?z{s%Ie whe n%%ﬁ] dtage falrtgus fk%g% 'ea%Q

of the sensor arrangenent is ‘mechanically cou {64 he s
| S 9.5 Thprodngddaamowdl %9 eifedtive nohbal dibirs 1 to 7 wher ei n the first

portion o sens ar enent chanl c y couple o the at
| east ’one[qohgﬁct i ve lgr’r{éP 'gvennon fﬂﬁ epelwao[ 3PP HB "i"éc'iﬁe dawith
one of thef@eaeadispéifid élhlﬁﬁilmwﬂ@ﬁ?élﬁufdk& ﬁﬂ@é%d% t%s%@ﬁﬂ@%e 'aﬁ tl‘?at
nano el ectrorrechanl cal _StrtletUe or a MC/ D el ectromechani cal

The i npl alrEys ebanges Bcfopn agd detall enayrbermade shesein dyithgutdeparting fmreﬂmsnmt
the sensoamaeao«’faem@tmeamaﬁ'a%eéefmh YoySlnk' 9l Skt © PRk of the

silicon.
10 invention is thus indicated by the appended claims and all changes which come within the

meaning and range of equivalency of the claims are therefore intended to be embraced.
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25 12. The i npl ant abl e device of any one of the preceding clains,

wherein the sensor arrangenent conprises a novabl e struct uPET/SGID 6000363
| east one sensing el enent formed on or within the novabl e StekdieddWi®g/2011
13. The inpl antabl e device of claim 12, wherein the novable structure
conprises a 30 cantilever or diaphragn1 34 AMENDED SHEET | TEA/ AU

14. The i npl antabl e device of clains 12 or 13, wherein the at |east

one sensing el enent conprises one or nore of the follow ng
structures:éﬁJgﬁﬁpmﬁn, a piezoresistor, a capacitor, a piezoelectric

t ransducer esonator. 5 15. The inpl antabl e device of any one of

the preceding cl g B, d&'a& fob et %a%nrﬁg%ﬁﬁurthsmgﬁﬁ%‘%ﬂ

bet ween the at Ieast one I nduct1 ve el'enent an enent
formed of rdSvyi¢sicemprisagt eri al provi di ng anchorage when def or med.

16. The ishpl ant abl e ¢ eubkttate ¥ing Y/acEVeei@ient di@ngtinestedi ng cI ai s,
wherein the sensor 10 arrangenent .i s adg&ged t 0, neasur.e |at |m%n in

bl ood flow rate. 17 *Re 9 @ﬁ‘f‘gﬁWd B%r"d?mgtnlflmgﬁ*é'
precedi ng cl ai nemdwisespns portioh thatis fieelydaflectahle, mammwmmwh‘sﬂ

formed of resil Io%ﬂ.hume;eaﬁlv.@.htwaeweobl%@aﬁb&ma,ewx@mﬂcﬁeh@amﬁuﬁﬁﬂ ve
el ement is deforned. 15 The i n‘gl angﬁgme dewq‘c’ % gﬁéhone of the
preceding cl ai neATHTEIR s ‘E°H'@5“5‘Ed Fhdft deferretion t 5780
coil. 10 19. Tinangemehtant mivdues shomipnein odspauseto diraletedied dhenges; ek di ng
claims, wherein the gttlﬂmfnducﬁve element mechanically coupled to the substrate and in
clectrical communication with the active element arrangement, wherein the
inductive element is adapted to power the active clement arrangement through
inductive coupling to an cxcitation source, wherein the inductive element is
15 adapted to transmit the output associated with the detected changes in the seasor,
and wherein the inductive slement is adapted to provide a hiasing engagement in
contact with an interior surface to which the implantable device is attached.

2. The implantable device of claim 1, wherein the active clement arangement

20 ‘comprisos application specific integrated cirouitry.

3. The implantable device of claim 2, whersin the application specific integrated
circuitry comprises an amplifier coupled to the sensor arrangement.

25 4 The implantable device of cleim 3, whorein the application specific intograted
circuitry further comprises an analog to digital data converter coupled to the amplifier,
the analog to digital data convarter converting the output associated with the detected
changes in the sensor arrangement into digitat data.

30 5 The implantable device of claim 4, wherein the application specific integrated
circuitry further comprises a data modulator coupled to the analog to digital data

33
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20 one inductive elenment is formed of nitinol or titanium 20. The

I npl ant abl e devi ce of any.one of the precedi ng clains, wheperrsgioeo/000363
substrate is formed of bulk silicon or silicon on insul atofRecdaddt/oRRo11
i npl ant abl e device for detecting variation in fluid Row rate, the

I mpl ant abl e device conprising: a first sensor configured to detect a
first pressure; a second sensor di sposed downstream of the

first sensor and configured to detect a second pressure; 30a housing

structure having an, active, el engnt arrang t th the first. sensor
2nd "t e secoiIets RS MR SHe Rpire Rtk oF B regas iy o, Bind
active 35 ANMENDHIS aSldisEdne itduvaldlemeitdorgapsmassioangenent , wherein the
active elenent arrangenent is configured to obtain the first

pressure, the second prenatal and produce an output cont,gi niu:gg
i nf or mat i onSon e IEPIRRblcRvice |0 ClgER i WhREPIR e SPPLSRRRASTRPRIS, intFBtITd
second pkeseittufyy faAkkr Tadhprises s teloel amit Roupldi tv sysdheaize thenspehdod ofithey
coupl ed to the.doysi | ' onmuni cation with
the active ﬁ@%ﬁ#ﬁﬁ%@éﬁiﬁ%&&ﬁg%%dt egﬁt}ar%{ g@%‘ﬁoge el enent 15
adapted to power the active el enment arrangenent through inductive

CSUF” i 39 t07an epheiidshriidle &ﬁi&&fﬂ,my\/eﬁr’]@'élaiﬁ:_he &rr\tfil:lﬂidﬁﬁthelamiﬁoni s
aapte to trapsmt the, out t romine active elenent.arr e nt
and wher ei nﬁﬁ@%ﬂ%@ﬁﬁ%ﬁﬂ?ﬂ? %ﬂ%e’ﬂ%%cmpcrng‘%ﬁt&g@g&g?ggi ng
engagenant buisasiomb indocting eleman, to pavesr iho Flogk mitabeanplifipg e nsldgdo digital

| mpl ant abl € g gdeythGuet shd cladG Bfdutator.

8. The implantable device of any one of the preceding claims, wherein the first
portion of the scnsor arrapgement is mechanically coupled to the substrate,

s _ '
9. The implantable device of claims 1 to 7, whercin the first portion of the sensor
arrangement is mechanically coupled to the at least one inductive element.

10,  The implantable device of any one of the preceding claims, whersin the sensor
20 arrangement is & nano clectromechanical structure or a micro electromechanical stucture.

11. "The implantable device of any one of the preceding claims, wherein the sensor
arrangement comprises poly silicon or single crystal silicon.

25 12,  The implantable device of any one of the preceding claims, whersio the sensor
arrangement comprises a movable structure; and at least one sensing clement formed on
or within the movable structure.

13.  The implantable device of claim 12, wherein the movable structure comprises a

30  cantilever or disphragm.
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22. The inpl antabl e device of claim21, wherein the active el ement
arrangenent conprises application specific integrated circwctysG2018000363
23. The inplantable device of claim?22, wherein the applic%&hg&ﬂo /08/2011
specific integrated circuitry conprises a sensor interface coup ed to
the first sensor or the second sensor. 24. The inplantable device of
claim 23, wherein the application specific integrated 20 circuity
further conprises an analog to digital data convener coupled to the

sensor interface, the analgg,to digital data converter converting the
out put fromthe Toe impjpatabig é‘f""f"_&c?é,""‘%l.z Thi | YHSTe N A F deoy PP Sensipe
cl ai m 24, wklenek tonifieesap@br idd ofake BPOAh stichuits:ahndvar, Kficirekians, kI Yy

further conpris a. d \ d to the analog to digita

data conver Fmgﬁap?ﬁ%EQPgF§§§§&§%%&?ﬁ§%§tive el enent, the data

nodul ator sending the digital data to the at |east one inductive

\eNIn ement ?gr 14.7 armmn's,ﬁt SaciiBle dcvip%_@t-‘an;h)tﬁc bmlts 3?&%1&1&53{!%&9’;1{:&&?@ 25,
erein e application specific integra 30 circuifr intier

conpri ses a g?k’“ﬂﬁf“?”ﬁfﬁ’ﬁf"@ﬁ‘"&‘b“gmf F‘Q’é“?‘ﬁ’@“’éﬂ‘é‘a&mdﬁ?‘“ﬁhe

sensor i nt efoimsiaf rdsilient aretiadgrdvidingiandhbmabe wisnaeommeder t er and t he data

nmodul ator. 36 AMENDED SHEET | i PEA/ AU 27, The i npl antabl e devi ce of
claim 26, wherein the application specific integrated circuitry
further conffi sdée W’@ﬂ Jruiae elomi Pee phihe PEStHRBSIpinG Wheminghe peasest one
i nduct i e ekrfigdidont ik MapedRImdesufs Vool i bladd Bowhge.anpl i fi er, the anal og
to digital data converter. and 5 the data nodul ator. 28. The

I npl ant abl e device of clains 21 to 27, wherein the first sensor

and/ or the ¥ecofte beplantpble; dgvipefnan onmdfithe procsding dlaimy, whesein ot legst

structure. &} igdhediCelbmddk 3 foRiédCofRMiiE nfdteritll FOWEBing dndhBrage’ whotd @ik €1 N

the first Sﬁ?&c%&cccrt]:gc/npé défgr?ned.

15
18.  The implantable device of any one of the preceding claims, wherein the at least
one¢ inductive element is a coil.

19,  The implantable device of any one of the preceding claims, wherein the at least
20  one inductive element is formed of nitinol or titanium.

20. The implantable device of any one of the preceding claims, wherein the substrate -
is formed of bulk silicon or silicon on insulator.

25 21, An implantable device for detecting variation in fluid flow rate, the implantable
device comprising:
a first sensor configured to detect a first pressure;
a second sensor disposed downstream of the first sensor and configured to
detect a second pressure;
30 2 housing structure baving an active clement arrangement, both the first
sensor and the second sensor being in electrical communication with the active

35
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second sensor is nmechanically coupled to the at | east one inductive

el enent . 30. The inplantable device of clains 21 to 29, pETEGEION/000363
the first sensor and/or the second sensor is a mcro Received 01/08/2011
el ecti omechani cal structure or a nano el ectronechani cal 15structure.

31. The inplantable device of clains 21 to 30, wherein the first

sensor "and/ or the second sensor conprises poly silicon or single

crystal silicon. 20 32. The i npl antabl e device of clains 21 to 31
wherein the first, sensor and/or, the second, sensor co rlse or

more of the fol | BRPTY “EFISHRT e, b 3pHY G, clement
capacitor, a pi egseh dotfirsterasns dke peond presasonatl produce alﬁo'htpu'fbmtammg

i mpl ant abl e devi e}l o ﬂgﬁgsdlﬁémg | £h3Rleand
the second 25 se%goor are di spose %et vveen%ﬁe at easﬂ% S%cr?g uc’tlve

el enent and a fufdher elenent Conned of resilient materi al prOV|d|ng
anchor ages when def or e deast oncSﬂducﬁhe claiahaﬂ&ahﬁ@nﬁl&um @f the | busisg 21

to 33, wherein t ggmgﬁlv e S forned of
resilient materia %%eoé\?ls ng anc ora c’% ﬁgg{, rfaucefn VEETERENt i s
30 defornmed, 37 WvRKDBDISHERTclrpeisa °d3awm¢hénwwwtdﬁ@ﬁbﬂymﬂﬂmmbe of

cl ?‘: ms ;Z),é t$h34_,,m;|a35£ﬁa%# ® H&ﬁf&c{f&ﬂ&k&gﬂﬁiﬂe&%gﬁﬁh&&ﬂ%ﬂ&egt t
coi.l . . e implantabl e deyi ce of. clains 0 ere e a
| east one i nducti‘ﬁ@pwgf%%fﬁ“'xywmﬂ&fmﬁ‘f CHiGHt sppngpeal

The inpl ant abl e ﬂeuﬁmawoﬂmnhmumﬂqmﬂibpmﬂﬂ¢ahhameamm#hnMHmumumgnm
structure I's fOF ither ehiflck o Mthdy S mpidtI S RicOKARRG] PO YIE!. TO

38. A vessel having an interior surface to which the i nplantable
devi ce of any one of
22.  The implantable device of claim 21, wherein the active element arrangement

coﬁpnm application specific integrated circuitry.
15
23,  The implantable device of claim 22, whercin the application specific integrated
- circuitry comprises a sensor interface coupled to the Srst sensor or the second sensor,

24.  The implantable device of claim 23, wherein the application specific integrated

20 circuitry further comprises an analog to digital data converter coupled to the semsor
intesface, the analog to digital data converter converting the output from the sensor
interface,

25.  The implantable device of claim 24, wherein the application specific integrated
25  circuitry further comprises a data modulator coupled to the analog to digital data
converter and the at Jeast one inductive element, the data modulator sending the digital

data to the at least one inductive element for transmission.
26,  Tho implantable device of claim 25, wherein the application specific integrated

30 circuitry further comprises a clock unit coupled to synchronize the operation of the sensor
interface, the analog to digital data converter and the data modulator.
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the preceding clains is secured through biasing engagenent by the at

| east one inductive elenent of the inplant device. 39.PCA/S@E204 /000363
having an interior surface to which the inplantabl e devi ce meidsiyo10032011
of 1% the preceding clainms is enbedded. 40. The vessel of clains

38 or 39, wherein the vessel conprises a prosthethic graft 41. A
met hod of placing an inplantable device into the interior of a

vessel, the 20 nethod conprising’ providing a guide rod with the

i npl ant abl e devi ce of any one of the preceding clains nounted,

inserting the guide rod . into the interior of a vessel; and

rel easing t A& atibe dERantohipdovics Qt flpiRe% WarER tho IPPlitation sRSFAR nisraged

device to 2bibuig fixgat dddpritda@ pbwir @fahgemard uiih@uplesahe 18 Radt belindubive

k@kgggaghgggsﬁmﬁﬁﬁ&%&%%s Bepisdd e’ sBlioPlo dififi dES & eretha
£ the data modulator.

28, The implantable device of claims 21 to 27, wherein the first sensor and/or the
second sensor is mechanically coupled to the housing structure,

10 29. The implantable device of claims 21 to 27, wherein the first sensor and/or the
second sensor is mechanically coupled to the at least one inductive element.

30. The implantable device of claims 21 to 29, wherein the first sensor and/or-the
second sensor i a micro electromechanical structure or a nano ¢lectromechanical
15 structure,

31.  The implantable device of claims 21 to 30, wherein the first sensor and/or the
sccond seasor comprises poly silicon or single crystal silicon.

20 32. The implantable device of claims 21 to 31, wherein the first sensor and/or the
second seosor compriscs one or more of the following structures: a nanowirs, a
piczoresistor, a capacitor, a piezoelectric sensor or a resonator.

33.  Theimplantable device of claims 21 1o 32, wherein the first sensor and the second
25  sensor are disposed between the at least ope inductive clement and a further element
formed of resilient material providing anchorage when deformed.

34,  The implantable device of claims 21 to 33, wherein the at least one inductive

clemeant is formed of resilient material providing anchorage when the inductive clement is
30  deformed,
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35.  The implantable device of claims 21 to 34, wherein the at least one inductive

eleeent is a coil.

36. The implantable device of claims 21 to 35, wherein the at least one inductive

clement is formed of nitinol or titanium,

37.  The implantable device of ¢laims 21 to 36, wherein the housing structure is
formed of bulk silicon, silicon oxide or polymer.

38. A vessel having an interior surface to which the implantable device of any one of
the preceding claims is seoured through biasing engagement by the at lcast one inductive
clement of the implant device.

39. A vessel having an interior surface to which the implantable device of any one of
the preceding claims is embedded.

40.  The vessel of claime 38 or 39, wherein the vessel comprises a prosthethic graft.

41, A method of placing -an implantable device into the interior of & vessel, the
method comprising
providing a guide rod with the implantable device of any one of the
preceding claims mounted;
inserting the guide rod into the interior of a vessel; and
releasing the at least one inductive element of the implantable device to
bias against the interior of the vessel so that the implantable device is secured to

the interior of the vessel.
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