| MPLANTABLE DEVI CE FOR DETECTI NG VARI ATION I N FLU D FLOW RATE Techni ca
Field 5100011 Various enbodi nents relate to an inplantable device for
detecti ngwoaniiasdma in fluid flow rate. Background 10[ 0®@Q0Z]SGRo10®0éB68 i C
grafts are frequently used in vascular surgery in the context of bypass
surgery for lower linb ischema or as a conduit for haenodialysis in renal
failure. [0003] In these settings, graft failure can result in deleterious
outcones for patients, such as worsening ischema and inability to undergo
haenodi al yjsAl ' ¢f Fol i F ' 7 af are
predictiv§§Q?J§Hg§ggfg%?engF?qu%T?%?gﬂ%32??%5%??23f%?gfﬁﬁﬁg%$ﬁylng this
is the presence of stenoses in the graft or downstreamfromthe graft.
Variations in flowrates can |ocakhize. the.ngsition of significant stenoses
that may result in graft thronmbosts: Fl ow rate nonitoring provides
an indication for early intervention to prevent graft failure. Accordingly,
literature gevoted to detecting failing grafts viz-a-viz decreasing 20
f 1 ow rat eD08%} ¥prousrembadyments, & ?tettﬂé‘PémQ?"é“a@iﬁ‘s@%’h%e {95 dstpomg verjasign 1n
modal i ti eguidGigwPhatd or graft flow rates and detect early failures. These
nodalities include ultrasound, conputer tonography (CT) scan and fornal
angi ograns. The di sadvant ages of these nodalities include the need for
significant anmounts of procedural t, ul trasound, angi ogran) and the use
of nephrotoxic contrast (CT scan a#%ﬁgﬂég%%rans).-These procedures are not
25entirely risk-free for patients and cone with sonme procedural norbidity.
[OOOGL'CD ic'ar é avall able flow rate detection devices al so_exist. These
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Transonicé@‘-co any. - Such systens are not inplantable. 30[0007] There is
t hus a nel§03loInghesgiseftings, gyadt @ituretran resali ipdesterieuscwiteonres dorspationtist such ng
-~ as Wdijs_ening ischemia and inability to undergo haemodialysis. _ _ :
[0004] Insufficient blood flow rates in these grafts are. prcdictive of subsequent graft
15 throrﬁbosis and failure. Underlying this is the presence of stenoses in the graft or
dbwnstream from the graft. Variations in flow rates can localize the position of
sigxﬁﬁéant stenoses that may result in graft thrombosis.
[0005] Flow rate monitoring provides an indication for early intervention to prevent graft
_ failure. Accordingly, literature devoted tb détecting failing grafts viz-a-viz decreasing
20 flow rates exisfs. For instance, there are systems using different modalities to monitor
| graft flow rates and'detect early failures. These modalities include ultrasound, computer
tomography (CT) scan and formal .angiograms. The disadvantages of these modalities
iﬁclﬁde the need 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.
10006] Commercially available ﬂow‘rate detection devices also exist. These devices
" require sp‘ef:iﬁc ﬁser training, bulky machine attachments and significant financial costs. |
An example 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 prosthetic grafts using simple hand held devices.



of blood flow in vascular prosthetic grafts using sinple hand hel d devices.
Summary [0008] According to an enbodi nent, an inplantabl e device for
detecti ngvo2011458230 in fluid flow rate is provided. ThePCHSIGANMOABI3 3 devi ce
may include: a substrate having an active el enment arrangenent; a sensor
arrangenment having a first portion that is nechanically secured and a
second portion that is freely deflectable, the sensor arrangenent in

el ectrical comunication with the active el ement arrangenent, wherein the
active el enent arrangenent is configured to detect changes in defornmation
of the 10 sensor arrangenent and produce an output in response to the

det ect ed changes; and at | east one Snuumdryve el enent nechanically coupl ed
to the substrate and in electrical communication with the active el enent
arrangenent, wherein the inductive elenent is adapted to power the active

el ement an[ﬂ(li)sgaweo‘rﬂmtghbcnmgémbmﬁmeﬁtl uf ifplaptablegddviteafor @ifekiimd va¥atRAURCE, and
wherein t?l@}jf ductive elenment s adapted to transmt the out put
15assoti a ‘Yﬁat’P meprgxidedt dge Eﬁalﬁ’g‘é'éleldﬁ“@ﬁ@aé’éﬁ@%e at F‘dﬁﬁé‘ﬁré‘ﬁ’c’mg [0009]

Various eghpdi BRReAt HRY%n G¥nRht: A éeﬂgoraa}}h% ntS %Q%!n eﬁrsfJ Ffon QY PQVET

i npl ant abl e sensor that Ts I nterrogated through w ess ans placed
within a grealianicaityesdcnmst aandalal eecsiad'lmztlmarthdjelsl ﬁpblerréerﬂeedtblen the oshdoet i C

grafts us u nterventl it can be u
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and in-vitro. .[0010] In the ont ext of various enbodi nents, the term
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interrogation circuit -having an exciter/interrogator elenent 25
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or assi st carryl ng out as nofAitoring ramet er
such as phwitat)d)mgmmed apd rvaheedie tlse Indketivel ﬂaderﬁllomdappecbmsmmmmetﬁmmer ature)

wi thin_ the or.gani s 0 In the gontext of various enbodi ments, the term
"vari ati off*° ﬂgﬂefdﬁlétglﬁh%%é?a%dr@%s‘ “f'rﬁ’fséﬁ‘fsa’bfi’éanéﬁvf”&te may be configured to
not only RMOSEVeh@Rgesbodiments| Mhyl frbaue rfaf @, highly SéSRivEO ufifl &6 gt a
fluid is flowng at where the mFI antable device is located. In the
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cont ext ofMRiantAkle sensortbak ipritergogate dhropghnvireless meangplaced withia 4 grafii dh¢ such as
wat er, bl Qﬂqantmléls H@\)iceo lcaft 885 1mplemen_ted_ in prosthetic grafts used in vascular

interventions. ~Similarly, it can be used in vascular vessels in organ transplants. The
20 1mplantable dev1ce is usable as a flow meter or pressure sensor for blomedlcal
applications both in-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

' éarrying'lou't a function (such as monitoring a health parameter such as physiological
parameters like blood flow, pressure and temperature) within the organism.

[00'11']: 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



[0012] The term "substrate"” may be understood in the context of

sem conduct or technology, i.e. "substrate" may refer to bul k sem conduct or
mat eri al wormMig3zobase naterial for fabricating el ectr®OTS6201080¢6H or
therein or for growing further layers of sem conductor material thereon.
The term "active el enent arrangenent” nmay nean one or nore el enents,
fabricated as integrated el ectronics thereon or therein the substrate, that
require power to work. Exanples of the one or nore el enments may include
devi ces t Raiteht! SVIARub cAHOSHEAL, ftﬁwehhomé%a aﬁNPu '\{gh chO%s Q%(LOG' c
using transistors, 10 resistors, capacitors, uctor and the I'Tké. Each
of the onélood, plewes) er egesmt s may serve any purpose for exanple as a data

transmtt Ne ant ext. of the term "sensor
arrangerreiqq'uirggé%%% asa%%éirgo BIAY o5 o é?rfgé’a s’é‘ng{)nﬁo rr%tserﬂéf\‘?flﬁ’gftoét | east
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is nmovabl e or deformable, the novable structure provid of] ﬁ/ | east one

sensi ng epemers eleménss, cfmr@g@d iapintégrated ele¢trangcsithqreamarthirein tlmeagubsmb uble a

change in si ng el enen nbodi pent s
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"freely defys @Slalﬁre,[@yplggﬁydgtpagmg,hgmsecond portion of the sensor
arrangement exglerl ences ‘a degree of novenent in the presence of 25 fluid
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changes in deformation of the sensor arrangenent. [0016] In the context of

vari ous ' emg¥hle@ideformagle, theymvallersepetute mspviderhyithatlnash onteensiag elemene shape
or size ofpd teﬁ‘ar%@g,g The SleLARACHS Lrii€dfhal Qndihi 9 dhbb¥ Pog raﬂﬁm&%n&%e

arrangenent . formation occur “at any portton e sensor
ar r angenesmsing|eldmgangh hltvatlylpﬂ eabddimeys,uthe farst ndmors ef dndsepmrtarmngmmt he
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portions. fifst pdr€ios 6Nthekedbf amgfgemeﬁnb@mn&tﬁﬁicalcﬁs&urfeﬂm:@ PARHiRost the on at
rest, due to the fluid flow For instance, a change in the shape of the

sensor . ar?al??@bﬂ’ifﬂf‘ Yeaiye SEBSPt- when only one portion of the sensor
arr angemﬂﬁ)l%%noﬁ@bx‘nﬁo&ﬂx@nﬂ’set'ﬁ@'té}gle‘rfré&i 4dIRcHBRS Ya garﬁ ngﬁgﬁggec'eﬁ&m' ns in

its origi nal ‘position. [0017] TIn the cont ext of vari ments, the
term "i ndpertipy ef theesapsor arrﬁ@gcnmanxmnyn@ewdﬁerep ledimaykemenisingbe ptesenge 6 a

r’ragne% ¢ ﬁﬁlﬂlﬂjdw,t\pl%clll rfh ﬁn\fgeab%ltl a cﬂgng%qvasﬁggel O thte hs%nsor 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.



15 magnetic energy to electrical energy that is able to power the active

el enrent arrangenent of the substrate. The magnetic field may be externally
gener at edvOi208/058236 from t he i npl antabl e devi ce itsel f. PCHSG20000036% e

el ement may have a shape not limted to that of a helix or a coil. [0018]
In various enbodi nents, the term"excitation source”" may nean an external
20 means (such as another inductor coupled to external circuitry) capable
of powering the active el enment arrangenent through induction. The
excitatio Ve »l ) @%P L1 S: -hut  may
be provi d&ﬁggqg@tség%af glgiegugi&ir clﬁf}?hg%rtgﬁ‘ri\tggérgﬁv{a%l [ g&#ﬂiggrgf ?@Eg‘gl gdi ment s
it may bewpthoeleeimaidsothhtaers ddsignsé parmeasurei changds ar defogeatont off theageasbrout si de
t he organia-lsrga‘ét Qﬁt separate circuit arrangenent nmay al so be | ocated 25
internally o g._fnne-‘or ganism but at ' a different place fromwhere the
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[0022] According to an enbodi ment, an inplantable device for detecting
vari ati onmilmantalge devicedtselfodhe iductive qleragnt gy hayha shapp hetlimaigdeto deasofe may

i ncl ude: HelfxiJr%tc gensor configured to detect a first pressure; a second
sensor di spose 80\/\/nstream of the first sensor and configured to detect a
second pr B938r ly; varidue usibgirsénts) cthelrternh dexaigtiam sawte’V mag| reem@n tn axtearnyerent |
bot h E@e firnst S

I m;sor ﬁ%d .t({;‘etos%cﬁcﬁ)pgd sensor bei n? i)n el gct{i cae! ot
cormufl cal P8R NS QUL (4rElor COMRIRY T riteeTieHTTY) KARAPL AT PoEering: the e
el ement active element arrangement through induction. The excitation source may not be located
V within the substrate itself, but may be provided as a separate circuit arrangement. While
in various embodiments it may be provided to have the separate circuit arrangement
located outside the organism, the separate circiiit arrangement may also be located
25 internally of the organism, but at a different place from where the implantable device is
located. |
[0019] In various embodiments, the sensor arrangement may include a movable structure;
and at leaét one sensing eiement_ 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” méy 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



20 arrangenent is configured to obtain the first pressure, the second
pressure and produce an output containing information on the difference
bet ween tWO 2p1WesB824pr essure and t he second pressure; andPau/SIGRaI00¢H2

i nductive el ement nechanically coupled to the housing structure and in

el ectrical communication with the active el ement arrangenment, wherein the
i nductive elenent is adapted to power the' active el enent arrangenent
through 25 inductive coupling to an excitation source, and wherein the
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of the sensor. In various enbodinents, the first sensor and/ or the second
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portion o east o e |n tive elenent e cont various
enbodi menbsipg defermet, suchfasrfsim é@hstwnahdém'ovathestsmad sensor" may nean

either th L] St sensor sec nd se or. both. 5[0Q241 In. the context
of vari ougooéh[) i ARAs emP?fﬁmF'étP edg\%&ﬁ? esé{H’ft“FFa?‘a%e%% “gﬁea FRHLEVER Pl ¢t he
second detipph@ps BbeidipoaRHo@paLd thodnking clddgent "Rh aRkak emB&iineRs, @kong the
direction flow of the fluid being detected. 100251 In various enbodi ment S,

the téfm cHElREhEaY bs abeam surrd ﬁ‘éﬁ‘l’\ywnétruct ure, such as a substrate
fabricat efbofzi R §£—§Hu§%ﬁfrﬁ)ﬁrmtm5<¢e al Past &{%Oé?:nWﬂ% Ce}l'Enr)J?l? nfn \f%‘él&lﬁg%ﬁgr 10t he

second sensor and the active elenent arrangement are
enbodi menmorg ¢fethe ifolinwing piswuptures: henasew ot Biersesistemd ca;blextax; tipiezoelkanse nt

arrangema[}gns?re fabricated directly onto the housing structure. In another

h cer Pr a resonator.
enbodi nent, REPT# S se?lsor the second sensor and the active el enent

arr an_gerre'nmzzr]ay&cctmdinpuataadexﬁtmdmmteaxhwisiaﬂ@bl&tdeuibtewbe detkO@bdarlafion af i ous
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to detect a first pressure; a second sensor disposed downstream of the first sensor and
configured to detect a second pressure; a housing structure having an active element
arrangement, both the first sensor and the second sensor being in electrical
communication with the active element arrangement, wherein the active element
20  arrangement is configured to obtain the first pressure, the second pressure and produce an
output containing information on the difference between the first pressure and the second
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
sensitive 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



15 specific integrated circuitry (ASIC). The application specific
integrated circuitry may include a sensor interface coupled to the sensor
arr angenmew;20owossiae sensor interface nmay be coupl ed to trhe/SGRo®i00&enSOr or
t he second sensor. The application specific integrated circuitry may
further include an analog to digital data converter coupled to the sensor
interface, the analog to digital data converter converting the output from
the sensor 20 interface, ~such as the output associated with the detected
changes i : i i i gi.tal data
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various emisoidceraht sinalbpaoatigitatatita oorevertard vatvieningethe niniut nfeym hike fsesoed of

resiljent. eri al. providi ng anchorage when the inductive el enept is

def or fred. m[l%téc%tsu?hegss@e SH@Y ?Pd%?‘?%g‘gﬂ%gﬁ?“ ghapges n thg f"'.““?ﬁéﬂéﬁenf east
one i nducsfl tie sedsereRingdRi¥nOmtd BigBIddRd oNttel di@put Qondalnifin®hmation on[tRO30] I'n
various enhodi ments, the housing structure may be fornmed of bulk silicon,

20si | i confifiRicBee RATWED Yo Proesey detertedby Bgsirenisosimem the segondsssmedr. may be
provi ded-T%pM@ﬁi%ﬁ Isp c irﬁt”’e\é?at i}cmt&r th G8ad 243 hﬁ)lauﬁﬂ)rlcgﬁil tabl e

device, built in accordance W th various gﬁé‘&?‘mnts, I'S secure rough

bi asi ng enghgendog thyigitakbdate cheaster emd thieralUedst vae @ldantvet elementhehei dapd ant abl e
devicg. In cont.ext. of.. variou nmbodi nents,, the term 25"vessel ! may nean
any h(f;sl I or\?vosq? grYdie ﬂ%g'ﬁ"glsdaga @u@% atollcgasﬁiOB%,‘ﬂdPﬁté‘fe ‘7@“8}53?\’ TINSHHSB8i t e ends
and al | ovhef dpplication specific itte@u@h cirbetrh ehdyofrthér iMelLte 8 cldcRABRike khupl@l i ous
enbodi nents, the vessel may have an_interior surface to which an

i npl ant abPSYRAGIHLS, the gperatioriotihe amplifierethgianplog 4e digital dapentivarertand thes

enbedded. gaihmodeRRE! TRY aﬂﬁicﬁt‘f&p speeifft Hllic%?ét&p H?&ﬁtr? rlﬂ;}]: further include an

energy management device coupled to the at least one inductive element, to power the

30  clock device, the amplifier, the analog to digital data converter and the data modulator.



30[0033] In various enbodi nents, a nmethod of placing an inplantable device
into the interior of a vessel is provided. The nethod may include providing
a guide rwowitwds3ma i npl ant abl e device, built in accor @#amsSe2000t0n036ar i OUS
enbodi ments; inserting the guide rod into the interior of a vessel; and

rel easing the at | east one inductive elenent of the inplantable device to
bi as against the interior of the vessel so that the inplantable device is
secured to the interior of the vessel. 5 Brief Description of the Draw ngs
[0034] 11 60¥9) & QHBGS embbdifch8! LWL URLARKRRE HETRLALNLL! Sl i 1he
same parts throughout the different views. e draw ngs are not necessarily
t o scal e, seavpHasihser htryibesd eaw ¢ ertonaichanidat istrgctyple ar edmicpo electrbmsdhanicalng t he

rinciples, of the ipvention. .In.the fol] ow ng . description, variQus
grrbodi Prentsguccf'f'ret hi® {}‘r‘?vcé)ﬁqugﬁf é(F‘éO‘tfe%‘B?‘?JHBa“‘w R Pt T aeHEGeganitAl” MAY| owi ng
dr awi ngs, niean ‘it € seh Q3 IBhndentHAt;@hd Arst SerBoPAIAER RS §66nd/ §@¥0r0dre 8th that

i mpl ant abl e device built according to one enbodi ment. 15[0036] Figure 1B s
a per specthife electirabrepestiss Guch rasarrgisinspe) sfayt he chapgedntvisn ethgesansas of
Figure 1A ki i r td | ' : devi ce
bu?l t accgggl%%g%tc’)ﬁéﬁg&gsr%c%d [ a?lred%tr ngfs%?ﬁ{éi gg}r{iosr\ét\eteéﬂlb%%tgg? 7 gﬁ? hﬁnﬂ{aggdégﬁs Fi gure
2 shows a tst menysal e thefshapepdfi a actuate thp eisbi arangereentathe dirsti seassir tang/pr thei ng
part 20of an active el enent arrangenment present within an inplantable
devi ce, aé%%P@FWéorto one enbodi nent. [0039] Figure 3 shows a flow chart

i 11 ustr at i[0028p THetflred sédsord badbin thea Beco P | seisorlth®y detidecone 6F Ghidte NF he

various enhodinents, into the interior of a vessel. ) )
10 ollowing sensing element: a nanowire, a piezoresistor, a capacitor, a piezoelectric sensor,

or a resonator. The sensor arraﬁgement; the first sensor and/or the second sensor may be
dispOSed between the at least one inductive element and a further element formed of
resilient material providing anchorage when deformed. The sensor arrangement; the first
sensor 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
embodiments, 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 the hollow structure.
[0032] In various embodiments, the vessel may have an interior surface to which an
implantable device, built in accordance with various embodiments, is embedded. The
vesséI 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
Figure 3. 25[0041] Figure 5 shows a prosthetic vascular graft that is

i mpl ant edW®i20hi/03320 or gani sm [ 0042] Figure 6 shows a cPOISGIEO0D@®GAI Vi ew
of a portion of the housing structure of the inplantable device of Figure
1C. . [0043] Figures 7A to 7F show cross-sectional views of another
fabrication process to manufacture a sensor of an inplantable device, in
accordance with various enbodi ments. 30[0044] Figures 8A to 8C show

Cross-sect|] i of . I s to.produce .an i ant abl e
devi ce i nt@g@gtlra Ell\én%\gﬁ\?\i {)‘Hﬁ\r}g%l%g(ﬁg?llg)réb‘g'&? S’rg'?\?ué em 0852%](%5’ #Psge&#‘g)ba”es%’fb chip
ar chi t ect woinft@theainteASt Gf @seskehyand neleaggatic ab ll@sdend meuaise @ldahdng of thevar i ous

enbodi ments. [0046] Figure 10.shqws a schematic diagramof a RF front-end
of an ASI @“Blg&t&g]ﬁvﬂe}é‘ﬁe? P AT g’edB\?FE"eOféggﬁ?sa?lr?@ tg%at%‘lnipéﬂ%abé‘?r%éﬁerrent S.
5100471 Fiigdebdred o SBMErick Jrinesdrdrt 1 nplemented in a digital baseband and
controller of an ASIC used by an inplantabl e device according to various

enbodi frents. [ 0048] Figure 12A shows a schematic di agram of a sensor

interface circuit of an ASI il ant abl e devi ce according to
vari ous enbodi nments. [ : Q (it o ) aw'g 2 tim ng diagramto
illustrate operation of the sensor interface 10circuit of Figure 12A

[ 0050] Fi 3 shaws .a schemat.i c di agram of a SAR of an ASIC used by
an i npl an?‘g{?ﬁh}rﬂé]?ﬁ g@“ﬁﬁ@oﬁﬂﬁenﬁfi%“‘ﬁa&%&fé‘?f%rﬁﬁ_B%ﬁ"‘ eisr to ‘PBC?B_“L’F P§ure 14
shows a CeifpilolPHR diffeRht Vitayst I Thé Q¥RlinSWarkClt MEc&SHAYEo ARAL] BdpiRist he SAR

ADC of an ASIC used bg an inplantabl e device according to various
10 instead generally being placed upon illustrating the principles of the invention. In the

follbwing description, various embodiments of the invention are described with reference
to the following drawings, in which:

[0035] Figure 1A is a perspective view of an implantable device built according to one
embodiment.

15 [0036] Figure 1B is 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 present 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.



15enbodi ments. [0052] Figure 15 shows a m crophot ograph of an ASIC chip by
an i npl antabl e devi ce according to various enbodi nents. [0053] Figure 16
shows nmeag0reinvEsborns in the ASIC chip of Figure 15. [PODBGROIBIOGHE 17
shows neasured tim ng diagranms. 20100551 Figures 18A to 18D show
experinments conducted, for detecting fluid velocity, using an inplantable
devi ce, according to various enbodi nents. [0056] Figure 18E shows data on
fluid flow in a nanosensor shown in Figure 18F. [0057] Figure 18G shows

drag forc Mg]ls?:(i)%g@@oihocclfs (ﬁﬁb I PRl B RO P fageﬂéﬁeuse Cﬁégﬁrg iirﬂglaﬁtgbl@nd vice

enbodi nent . 8] Figure 19A shows a fabricate nsor, according to an
enmbodi nenaccofdiNs®] vaHpgusrebaddBethows def or mati on of a cantilever of an

i npl ant ab Wi ce, ' t 0.an. enbod t 0060]. Fi e 1l shows a
schemat | o 0P8EHea AP ARAGY RchfutaBlar LR foean char G5 Boor di ng
to an enbinplamable dSQEOLHBANdidg tguatodsdmbldithénts. esul t s of sensor response.

0062] Fi qure 20A sho a plot of paraneters for sensors of an inplantable
dovi 063 aBOBTHERG= ) SR AUISEY P R GO il POBPANbA cnsp R os

devi ce] a

graft hQVilrFQS@%e@%qglﬁlan{agg%l/icgia%&ng30_ 1S eftbSdifiemat i ¢ of an 8-bit
successive- approxi mati on ADC regi ster. Detalled Description
[0048] Figure 12A shows a schematic diagram of a sensor interface circuit of an ASIC

used by an implantable device according to various embodiments.
[0049]. Figure 12B shows a timing diagram to illustrate operation of the sensor interface
10  circuit SofFigure 12A. ”
| [0050]'.Figure 13 shows a schematic diagram of a SAR ADC of an ASIC used by an
imp'la‘ntable device according to various embodiments.
[0051] Figure 14 shows 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 diagrams.
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 embodiment.
[0060] Figure 19C shows a schematic of an experiment conducted using an implantable
device, according to an embodiment.

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



[ 0065] The followi ng detailed description refers to the acconpanyi ng
drawi ngs that show, by way of illustration, specific details and

enbodi merve 20n/0aB246h t he i nvention 10 nmay be practi ced. PTHES20100DEdS ment s
are described in sufficient detail to enable those skilled in the art to
practice the invention. Oher enbodinents may be utilized and structural,
| ogi cal, and el ectrical changes nmay be nade w thout departing fromthe
scope of the invention. The various embodinents are not necessarily
mutual |y o082y Figies 208 HOWE aefmﬁ)q}f%%&t&@qop%ng&thfW1MlsﬂaﬂgQieglce fror e
ot her enbodi nents to form new 15enbodi nents. [0066] According to various
enbodi mentecasding kean gmkadimeni, a M cro- El ect r o- Mechani cal Syst ens

( MEMB) / Narwqpﬁ a ed fl ow sensor is

di scl osed L%@E%% sensg%l?@g tl-agﬂﬁ%\&{\é% \l/)vt%ﬁg i (< 10uW ICwth a

wi rel ess i[oN6d} Fipne: 2 Mo wvaEiddS of en 8diit suayestiee-appregmatied ABIORgiswrt h t he
graft 20 manufacturing or it may be placed in a vessel, wherein a coil of
the MERS/ NEMS sensor acts as an anchor. The sensor may be subjected to drag
force (and lift) due to bl ood flpumaiRdadDéRketigndi aphragnt cantil ever sensing
el enent of the MEMS/ NEMS sensor Wr%ﬂef ormation intensity may
depend on several factors, such as the flow velocity of the blood and the

di mensi ongyggk) rhe ﬂl&ﬁnga&ﬁ RAMSLENGh RRASHOGE LETRan, AT E0,BEL 661, L he 25

stiffness ant 1 I sensi ng el enen S ion

i nduces ashdvartgewy\ of h\l(hxserhem, rspexaﬁc peuaﬂsaamdaambod)hehdsendvlﬂﬂhtl&glmzmnhl | ever
sensi el e cked plication s f| c nt egr at ed

ci rcuﬁ?rym(agge@)ra%ﬁe‘fhg “ése?fg SC 89\/& Syffjeignt q‘?é tR§| lstkPsaat a
conmmuni catkined W tHe Iuheo swsacd: $het (iv@iteHh. WORIR) ChSboRALHSs Ng)be htilfred BMd

i nductive coupling pri mar corrponent s of the NEMS/ MEMS, 30ASI C,

di aphr agnPEusiral Ié\gé‘ral §§ﬁ§leﬁ§“ély@?§8ﬁs rgtbamedowithent [depdrting t:‘remph@wo@ed in a

bi oconpat ,phf RAGKBLE: The[%QI%Z% aﬁﬁ’{ehfg%e %gp é@e&%ﬂ@f}mu&gﬁ %Q&lh%lpg Qyi des

not only an anchor, but a acifitates |n ugtlve 1rans power
the ASIC somde embedifionts cambe wpmbined with aetax rﬁmremthehem&hﬁnenfﬁhe feenaor has a
def or nabl e/gnv%ablte structure which will be deflected due to the drag of
fluid T1ow Wi ch causes changes in electrical performance of the sensor.

Being 5 [@éapAecording ts easaus ehvddini@tsosiBa irheftic, alMRfo-Eiek@d-MdehhiiéaNg
t hr onbosi g % ust I ike a rrecpanl cal heart_valve). [0068] Various enbodi nents
may provi g€t Elepyre-MeshamealsSystems ﬁlﬁE St)rlé?S?ﬁ floxt genspeds sensor,

ultra | ongiRawed. |1(B‘é MEQ{S&NBMSG&%& lwﬁarﬁfaﬁﬁ@ omf(<cmw)f1w&h %{1}41&5' ng of
bl ood flow. 10[0069] Figure 1 Ais a perspecPl ve view of an | antabl e

devi ce 10@tasfacet Thec MBMSINEM Sorsensorrbodly mbat lm¢gr@th¢ ploag ewithi mlwergraf@n The
o a3 8t 0P Qb TS DL AR RSl
active el snead an anchor The sensor may be subjected to drag force (and lift) due to blood flow
and thus a diaphragm/cantilever sensing element of the MEMS/NEMS sensor deforms.
The' deformation intensity may depend on several factors, such as the flow velocity of the
blood and the dimensions of the diaphragm/cantilever sensing element, which affect the
25  stiffness of the diaphragm/cantilever sensing element. This deformation induces a
change in the electrical performance of the diaphragm/cantilever sensing element, which
will be picked by application specific integrated 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 coupling. All primary components of the NEMS/MEMS,
30 ASIC, diaphragm/cantilever sensing element and anchor coil will be provided in a

biocompatible package.

10



arrangenent; a sensor arrangenment 104 having a first portion 104f that is
mechani cally 15 secured and a second portion 104s that is freely

def | ect abW@.20Ms3Beénsor arrangenent 104 is in el ectricalPCEEGRUN00E363 on Wit h
the active el enment arrangenent, wherein the active el enent arrangenent is
configured to detect changes in deformation of the sensor 104 and produce
an output in response to the detected changes. At |east one inductive

el enent 106, 108 is nechanically coupled to the substrate 102 and in

el ectrica MUAoaL | ; i h ] rr " erein
the i nducloio\@/z)l el errqe)%% Eﬁlag%d,l%g%t\ge 1?12 Cglélgf)(%g& S;ﬁgt g%lggﬁ%ﬁe r’atglp?\%gqg‘{ﬂét%%t

ar r angenemdu¢tivecmgtgyi tresisfet to/povearupé IASHC tand absoefoc irtsstmissibrs ofudat€ frdmOthe The

i nductive t 106, 108 is apted to transm.t, t oyt put assocj at ed

W th  he ASKECT BseDRgES el P RUCDisNanl Sub i otttk adetfegtsg 35 Rrine he
enbodi Mendragh@Mid flow] Gtk cdles thmgésml Adtiuddil Berfisiitiafi&e d0Me B@RoL WBeingS
inductive elements 106, 108. Wile Figure 1A shows that each of the two

i nducti vemeydiethe serser hapghg adwniage o1| lesselikely spysingthiembesti finsy leea

possi bl e. WahgaRhh vaRdjictive el ements 106, 108 may be in electrical
communi cation wth the active el enment arrangenent inside the substrate 102
to power [068Ja¥erione eptedendntammagngendatfor implastalde frficmisgstdmd, habimgeulaa f i r st

of the inductive el enent i\éqither 106.or 108) .b? in electrical 30

comuni cal B e SER SBUR 1OV hBOMHt [Gfe 28T dhatiteless naiGHaT e T CRBUMOHS ngl y, a
second of mbhierngdf6ldoddlod). ements acts as a dummy coil, i.e. a further

el ement forped of resilient materjal providing anchorage to a vessel 112 to
whi ch1® hel 9089 Eigvrs e Isqensrerectep view oft anaigmpdanta éww%ﬂ%@ebﬁacqmimgm

i nduct i veyfl §RBJN SerdtSofAE PrIB. inTdHSn. 'fhe""{ﬁ@}lé}ﬂbl@@\qgé 158 Q.Iiﬁa“%.efopr esent
invention (not shown), the inplantable device may have the follow ng

conf i gur ad¢testing samationtin vid flow ratan active el enent arrangenent; a sensor

havi i ~ [ hat, i hani cal d and d i
that bs PRI RRRRP AR, 0 TS BLER\S (SE kel BRIl itReL  on "

Wi th the acinperser) £8@1Bbr atangegeneltd. hallty afitdt portdheltanthadliy megRARAY i S
confi ?Sured t 0, det ect c&a&ges in gef_or ti OH of the sensor and produce an
out pub® i rFeFUEhaRE2 seeand iR Ads Bt ‘élqrg%@[é@. eqtphle-i hhgtenperaranesmsnt 104
mechani cakliy efe#RhecbriRulibRicAURRHE iR R0 dIchltneheslgbnel wherBH HeCREYPN Wi th
the active 10 el enent arrangenent, wherein the inductive elenent is

adapt ed tderpaerrangementisicorfipiredhiordeteat ¢hangesrie deformativngif thewgosril04ambupl i ng

to an exc] i : i i i te transmt the
ot put - adzi e 2B R oo BUELIGELAIER, WP IAEARIDHA b SBIREL: Uy i ng
t o Fi gur el0bA108 kremsensallycogrigetvetht shibstrates1G2 mdcinocelsitdend commuaation 15

si zed, structyre havin t least one portjon that is novable or defoynmable,
so t hit a‘z@h eiaSHV%?le&ﬁ‘zt Wﬁﬂ?%“tp%ﬂ“%?'&r{hﬁfnd&&?‘@rﬂﬁf‘?'ﬁH%g’flqgh‘éa S mabl e
portion abgnges thdactbleedbmbmadrapiOngdtt thRtgRfindREve BSingdo! ANGRNBHIn 104.
The deformation may occur at any portion of the sensor arrangenment 104,

al t hough SorreeypPcdie jndyetive dement; 196, Kefcisiadanied to msmogBe optputisseségietor

ar rangemepiy 404 elslel SRarebEinIRE PR MNLhENEnt 948 IS freely deflectable). A
change in 20 the shape or size of the sensor arrangenment 104 may occur
f rom por t[08T Infthe lkmbodimsnt showmmydigme 1A)4hdenpgnubkpdevieed] 00F hamva

positjon .at r.est, du t fluid flow. ,In the enbodi t sho i.n Figure
1A 21 1 e lerens 2‘9%1981 d‘k’ﬁ%i? gng%tlér%]wmsotBef, “ﬁﬁé’gﬁgﬁ tgp indugtive ¢ [ong
past the &anawy 160, 168 gesmpéd Ui coll, aghdr Gh4iRs el fostiBle WRhil£BbtR Indubfves eNsor
arrangenent 104. The drag force will actuate the second portion 104s of the
sensor 2B I§end 8 me, be Her desirical camgurisgione witht thenprtive element p 104t
of the s Grant reprad f : I ¢ f ace.
The. dogr anonporant ARG B k3R R KBS ol iehis oAl hfebilf, 3H1S

i mpl ant alsuEfickeyite bave fagnefi the veductve klzmgets (eithar HO6fdruliod) bk onveteatrealand al so

able jo detect .whether a . fluid,s flown t where the inplantable device
"o F o SaneRiiah Wi B polls” iy HeRRal trmAltEomehy ofecpiE ogpond

ar r angenmaftthelidduaivetelendntidcandsabden@l ¢ \cbt 6. €1 @ Guitier felegibne fokhed A rd¥Bidhd oned
above, the sensor arrangenent 104 is a nano el ectromechani cal structure or
a mcron el ectronmechanical structure. [0074] The sensor arrangenent 104

i ncl udes a novabl e structure 120; and at |east one sensing el enent 122
formed on the novable structure 120. Ith the enbodi nent shown in Figure 1B
t he sensing elenent 122 is provided at a surface of the novable structure.
I n anot her enbodi nent (not shown), it will be appreciated that the sensing
el ement 122 is enbedded inside the novable structure.



[0075] In the enbodi nent shown in Figure 1B, the novable structure 120 is a
cantil ever 10126. A first portion 126f of the novable structure 120 serves
as an ancmoro0figs3z4he cantil ever 126 such that the nechaRCE&GR¢10064363 mabl e
cantilever 126 is free to deflect, especially at a second end 126s, so as
to translate stress onto the sensing el enent 122. [0076] In the enbodi nent
shown in Figure 1B, the sensing elenent 122 is a nanowire 124. The nanowi re
124 may be positioned at any suitable position on or within the 15

mechani ca : .| ev 64 1-f (o) I.ofhWhere the
stress isH%egg Pgﬁv?gtéi\%g%p%égitﬁgae% ?%%lsllazt febtrzlwt gﬁgﬁg’é‘ﬁfw@\kfﬁ (ge%gcﬁefbsotlrs ess

ari ses frettachtd whenottier sscdii ob ¢hen (nddetiver elenterth as defosmadic €THuy, algx from

the deflection of t second end 126s of the cantilever, 126, the stress may
5o be. acpemen & Pe BB Ring tod showhl FrecBianshiF Hefce ba hevs bes " hay
be a | ongfdluaiiftonFighRsitn: Asubs@AIE WethS@ a8tiVE€SSmeNt Arafi@Adnt: S JeRSSH h‘é@/ih? -
20respect to the nanowire 124. [0077] Mechanical stress applied on the
nanow ? e 25ustipertiondbatyeemeehanically securedad gesesandiposgtion thattis freely deflestable. i es,
such as rgsi ol : : i > I e y ovi de a
conductiv gl%ssﬁltﬁsg’? (ngltné lg%eghcgfrq%&ggag%? e‘llltt heﬁh%'%ﬁ g?‘p %l? Jnt‘é %egrﬁé%%s\né@e @54 One
end 124s adtive lekenean emprgemeadis rayfi@bed or datect sbangeeirt dafoimuaibn of thelsensoanowi r e

124 and be gonnected to a..source pa t . shown). ot hey end ,124d of the
nanowi re 124PI8685% FH AR LB GERrse ?%ﬂleg e?%cﬁ‘%ﬁpﬁ?ﬂéesrr:\@“? m‘#;?f‘éved?lg?‘ﬁmt‘ér ni nal

of the namewahrallgsbajled tol it abeirdie a6® M ekke’al CondmkiditidnPagh (HROictishown) . A
bi as vol tage source (not shown) connected between the conductive substrate

126b dhd BRABCRINYTANEAwCR; theErimdhoWidustiu £lemept o adapiadetp PR thepadtitie t her
bi as vol t aggeRCarAPE ARt (tl'ﬁgﬁ%‘? nﬂviﬂ)\)ec&ﬂﬁlgrgé E)darpgchFt‘?&x {RGeeENfhelindighd the

end 124d of the nanow re 12 The furt ias voltage source nmay be terned
"Vns". [ ¢ement isiadaptedite zranysit shaanspui assodiated avitwiheedel@tednehanges in the
denonstra Orby the nodul ation of an electric field induced with the
external electrical bias described above. Positive bias for a p-type device
(negat i ve[0B72]s Reaimiag o Figupe 1de vhee &nsq@radrfangéhant depl ieaasicth €zaba0ninoe 124
formng a.pinch-off region or depletion regiaon, which resenbles a tunnel

t hr oub% V\ﬂ?e(fiﬁtréiﬁméq having &t Lgastonemerion; tg‘“éﬁﬁ’é’@ gior defpranaglensthatactyaign on

det er m negf thBendvabR! portidi 6NdefhinPdtol B ithY QABNIIE pHYBDR Vhirfed Atk eléiridali S
poi nt, a conbination of the electrical biasing and application of the
nmechani caProperfiesef the sensar prrangdmaniold) Theptefarmatipe maliacews at any pestion of

concent r agi, g&sa%ﬁggﬁll:ﬁtt 4 519103%53%%%19&%!:&%{ th&3hdo¥id gg@@ﬁ%bsﬁgf e ant

pi ezoresi stance in e nanoiMre enomenon cre a stress-gated
FET, 10 esehsdriatranggnzenmbfd (since gewsgeorfdaottom (0gaigfecel pddflettable).t Aehargkad i ve
changg int el ectrical rfeqsli st ance %er unif 4mechani cgl straigg fgf about 5000,
2 ordéts BF ARG IRFe (P SHSSHATTEEBEB) [ A4rRrL qeer §pgt PRPRS ohihg sensehe

appl i cat i ffan@Em&dtr 198 Shel0MiSplEY, Aoin &E@dﬁﬁlﬁm hhesigl@dto fhi SRGd B8 WStnMBe

coefficient, but it may only change the resistance by changing the
concent r atNRAdimeR shown in Figuest 1Aqrs ib’l*(brsa@ ¥5o7 Hquid e.2. v%tgoBloed. rlasma) br be

appreci at £d.d hRtos ;jaE't fk %Ql?sopfarrgltk%n{}ﬂgg(\fcﬁ,{d‘?aglgﬁ‘ee ubEL le?éx{eﬂp(}nu{h‘é‘%er(sgpgr

shown) such as a pi ezoresistor, a capaci’'tor, a plezoelectric Sensor
r esonat orarsangempersiddl eThodraghforesewsl aguatk ehe ntcon@ Dortionc Hppacift the seesasor may

be fo d by two . p | l,el ,conductive plates sepafpated an. i nsul ator | ayer
in be%gvrvgeanrfa¥l faen) g{yg hﬁgﬁbﬁev?WédY}&ngeﬁgﬁe B’ﬁﬁgr{hﬁaw bgéaét i &b dCTS6T t he
nmovabl e sdrfangémiét [0R0probredddg filohe tieafibsir@y a02 1sdefatd) tTiR€ degree of variation

depends on the flow rate, thus making the implantable device 100 sensitive to changes in

the fluid flow rate and also able to detect whether a fluid is flowing at where the

implantable device is located.
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20 enbodi nent shown in Figure 1B. The deflection of the cantilever 126
causes rel ative displacenent between the two plates and | eads to
capaci t arlWe 203336 By neasuri ng the capacitance changePCTis620i0f0bes68i on of
the cantilever 126 nay be deduced. [0081] Returning to Figure 1A, the
sensor arrangenment 104 is di sposed between the two inductive el enents 106,
108. When one of the two inductive elenents serves only to 25 provide
anchorage, then the sensor arrangenent 104 is disposed between one

i nd ' f d _of
or ovt it g BAShERbrs 2163 SR e TR e LTSl L e o alhco

arr angerredéwdeom(l sf F@uh:am cad Meﬁtﬁﬁﬁd abovd, mheoidnedr avErhgeménit XOd, is hithahbe
substrate 1102 h be appreci at eij t hat | n. ot her enbodi nents of the
i nvent i on®'EHRME Wﬁﬁl S‘W‘H\é’eﬂ’f p &picrop clecbpmethapiial SYAQE: arrangenent 30may be

nmechani cajgoy4serdseor érfhngénh@x{t l‘mrlgeqlu(ﬁésxdagmv&tﬂe @Wctﬁ@rlbbo%@gt the oﬂ& | east
one inductive el enent. I'n the enbodi nent shown in Figure IA the

i npl ant abseasigeglesent t22 foapeden Breovoible atwstumal%ﬂ vkastbebmhmzmefrtrﬂéowessel 112

h t, 1 d
i ough by Beten® I AAERe cpritll £ A TRER e R IDE Pkl sl 186, 109)

of the i molosin @bibeditiemi ot iE&vn)Altt\anlrl&tappedcmted thet th® senxpgagltrmbleel2dayi ce 100
d.into the interior surface of the vessel 112. The vessel 112

may be enbed
is a hol IW%@F%H‘PWF@’C RBBWEWS?J‘EOSI te ends to allow fluid to pass

t hrough, [0")#5] IQhEBmPaditneRf shdwh iR ¥idual hBCthgﬂﬁﬁ%l@rstrg&ﬁ‘lfetl26'1@5’@!}1@9&3@92 in
Figure 5) inplanted into an or%anl sm It wll also be appreciated that,
t

i nst edd ofz%sﬁﬁérsz& nortest heafhfcthe aaevabler sticafre | 120 trerviepss e@ntmh@ frevthee 100
e ook liRAL Yad JRRINE It MBI LIQORVERE! confRubi s 5 GHEE el £ Shove

a perspective view o evi ce erng I‘OVI deddl nsi de a
bl ood ves&pbcialn;ma?;&coﬁﬂenééh@oso RO tmhslatlaetresmhmhabdmmgelamt 10 is
adapted t ure rlatlo |nb Wratevvl hln anlsmand can
t her ef or eﬁPZ@aII% t!‘ Pri')'mef‘bgwh”d‘ B §“rﬁe e ﬁ%f?%et grenh ??’n‘ﬁ BB Gani sm
The i npl argalihe xdﬁlﬂvﬁ’e 1200maRbe B sitDRAP S i shifabf) postfor Bh & NO@tah IR
circuit having. eXCI ter/interrogator elenents that are in electrical

comuhi c aPFdRnigal, defaemahle comilaier dehit foaremngl@naém loggtionhwhergshe ptagse i102. 1 n
the e”bo%gﬁr}tffeém‘{@bélﬂg 't:ﬂagHﬁtgd Hore r‘Pt'EPBR ¥ lé ﬁlre L ELH QI ALAY th@ln?lm & form

part of a separate circlit arrange ocate external to the substrate
102, scheldtbeos defompr(éasemﬂtme bx nidvéng fioit theideflesion ot thelstGind20d 106 1 The

SRR Y SELE L TER TN T R TR R A

the active ef efent arrahng neh

exci t at i ofurthet)thestiehd magybebelopgitudinhd dravs | A1 transverseist@k of Wiehedd streys vwagh anot her
i nductor, not shown) that receives the output fromthe at | east one
i nductd vereseshige RaeYire 18%) cont ai ning i nformation about det ected changes

in the se@eer) MEhanitREstRYChAEE QR (ROBAHONirk1D4M8¥%bserved to cause a change in
its electrical properties, such as resistance.
[0078] In more detail, the cantilever 126 may provide a conductive substrate 126b
forming a gate terminal of the nanowire 124. One end 124s of the nanowire 124 may
25 form a source terminal of the nanowire 124 and be connected to a source pad (not
| shown). Another end 124d of the nanowire 124 positioned opposite to the end 124s may
form 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 “Vps”.
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25 al so be provided with a processor (not shown) that is coupled to the
recei ver and processes the information about the detected changes in the
sensor 10WO2TH&s8M6i t ati on source 110 nmay then be conne®C@HGROI0A063G3t abl e
interface that can process and display the informati on about the detected
changes in the sensor 104 on a conputer screen. It will be appreciated that
the receiver and the processor may be placed in another separate circuit
30arrangenent, instead of within the excitation source 110. [0085] Figure
ICis ap [ AV ew: n i | Vi 0 ' cprding to an
enbodi nenﬁroggﬁgh:nﬁlégﬁt?éggﬁcgevi Eigé %%&iplsrgs%t éﬁ?’e%? o?%ﬁsggttglg nQ \Cjtg?i ation
in fluid modviatiat ef an {16086 fiellheduaep Ivatit thblegtedmV eleetritdbidsadesarited wbovey
structurey 162 havi an active el enent. aprangenent 152; a first sensor 154
con i gur ROV BdatdBr® B dsvios BuBlivebiod iy oA Teub e SEALBAIN AP SBbsed
downst r eamanefvireN@4ffbnsihg %q:ﬂﬁﬂf-offfﬁ?i@ﬂdr §PMtoaUesidn,! OhidR t&eibRs 28601
pressure. The first sensor 154 and the second sensor 155 are in electrical
comuni catrengh\ivhigh enelegtrical, sursgns pe pauegzadanfliswinchiofh regigredatermindsethect i ve
el enent n / i j: b oN ifi.c i.n g ifrcuitry,
2SO i 5 SRR Ao (HOTHA Tk ABRMETIAE" SORE b o VRRIELER TECLr e
and pr odudectaenl biasipgtand epplaianomgf the frechatidab strass (dshoatlihiell aboeh eepdeattheen t he

first pressure and the second pressure. At least qgne .inductiv | ement 156,
156°1 s rodERR, AT SRR, Y, RBOHSG <P R ot Freriotly SORFOTAS Lt 11 onl
comuni capicatesidtdnde tih ethaGlanywire! I@FENThargheAGRERAL créftds aWiRELEfed IFET,

i nductive elenent 156, 158 is adapted to power the active el enent

ar r antfenefithibitne @ HPFUGHT aset facter {sauge fpstemis the ralativs changeiin elestrinate 160.
The | nduckiV@n&! sl mefanida Gurbih 3 ARLES0bE 7 brABR B mddifu QUM 5 ko the
active el enment arrangenent 152, the output being information on the

di f f er enc®00ingeease ovee biiikraduepTds spplicationl of steess alonathapmeschange the gianhe

enbodi nentiezsop%qugn th:urg éq n he act,i ve el eﬁEnt ar.r ang merlllt 152,hthe
first send§PrTEAYE HHEAREN QUG AnTBY (o dhrgey HBC i TRAtiRIcey DY &haneing dhase, 158
ar e mechaguincaitdayio atonebilidOéfahé Elerdeadasiisrg Structure 162. [0087] In the
enbodi menlt g‘ﬂown l Figure 1C, the inplantabl e device 150 has two inductive
el eneht s 8801 1 541l bypanpeeciteq phat. e pd e qreneisn 13 other SHSUreRdRet i ve

el ement s dhalm) 38 b a PioRedistdrke @psiol,: a PldEle HHARER0ALE aPRStald) &ire VNI | €
both inductive el enents 156, 158 may be in electrical comunication with

t he act i vieosgiblerfenthe3ensing demenrtdRl. Y6oappeitorisdesgr oray i dommaddiyriyogtaraliet ur e 162

" ) o £50 0l ant h
B0t ARk LRI oo AT el Bt R RERE o B
comuni c ahe othewintaly terwtapieaden thé moaahle veuaureni20f being areganeleterlP3. in the

Accor di ngl a second of the inductive elements acts as du coil, i.e.
a f ur%ohe?e'%qogﬁﬂmt SBBY’%H FEW"? e@i ﬁ&‘@rﬂeﬁﬁ‘éﬂ"é‘r?g;‘{i‘e ﬁPB‘Q}F‘éﬁrrﬂ&%a%B?‘Fmé%S'@EV? 0 a
vessel (ndbplsdameny) bdRecOBineH plddd dndNéAR kA BARCHANE CRankOBY ealdrdgligd, when

the second of the inductive elenents is defornmed. Thus, in another
enbodi nerfaPpsigncesthangs) therdsesting of thegsnbleyenli2@anayehe dedweed. t he fol | owi ng

confi gur aloh®ii:n« i W CELr i { VE; E: t t; a
PP rst Joe bl RARONIY TRt AT U Endth b Blinfit |06 BOTR RIIAMRERRD L O
t he firstindwtisorelearmtst H¥, 468 0Wheensoof thei vy induaivectienmeandd secoasmnly eat i on
wth the acti,ve el enent. aryangenent. The gt%élvg el e(qiar%t arranqedgﬁnt IS
conf i gur SYCYIEC SRTHrIEet En the apsgy wwgsReny d 08 dt dispesyd (FBYeeR 00F TRMGLYS | ¢ he
second preafisitaandef Geihed elRhehh orfR WTdesiBds Qhatéril 6A6ME Qandkbragd Whén
containing infqornmation on the difference between the two pressures

det ect ed. defgrmendiie firsf @orjoBnkIAf of be senspugrangementdlOd ps mechapicalie sesuiedi ng
structure,a i h C ni.cathon w the J: n

o1 angonan et SO EsCR) EOTRBLEAIODT I bl Wil BEME biher, 1 e
el ement asmbodgeentnof theriovgition (detcthowa),ctbel first pgrtich oft the sansex @irhrgeent sour ce.
The i pductive el epent s adapted to transmt the output i ng,i nformati on
once hl iy Be PR e R b SBE IS, for B o obs et i ng Lo
Fi gur e 1Gndidi€e tlefght. sSensor 154 and the second sensor 155 are mcro-sized

or nano-si zed structures, whose electrical properties (such as resistance)
change when subject to different pressures.
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15[ 0089] In the enbodi nent shown in Figure 1C, by nmeasuring the pressure
difference at the first sensor 154 and the second sensor 155 along fluid

[ such as woOlRIyuiseR46e. g. wat er, bl ood, plasna) or a gas] PCS®26i0/08¢3%63 on, t he
flow velocity can be indirectly deduced using the Navier-Stokes fornmnula:

- APf Ax=8qQ (zR, 4) +p/ (zR, 2)*dQ dt 20where Qis the flowrate, ri is the
viscosity, pis the density, R is the lunen radius, AP is the pressure
difference and Ax is the distance between the two sensors 154, 155 al ong
the fl ow ¢y | an. ak] asuremen f flow velogit var i, Qus

i nst ances,?'6((532":|h{atﬂ{é o%’ﬁ?{%é@l@ﬁ?%’o% O\flx} ?ﬁr‘% trlr%y eelmOl %tlalﬁg i go@&h My ety st
sensor. 15frevidddt ineids e oesdels €15 0rThEStessdl €] 1di Bpoae dntbeswaafuce he wiieh 2h

i nducti ve. el emarlt s. 156, b@58. Whe n?qugf the two i nductive el enents serves
) S

only to p_r“BR’/lP’Eféb sriiavseall ix AETech ! blagipp cogagemeny By PRt sleed®esensor
155 are dignesed chaloreqnoaneod)ndpahé Visp®neilNtdedRd ool Ur ARGhaRlBTeME f or med
of resilient materi al Erow di ng anchorage when deforned. The first sensor
154 and t Herlartallpdewen s magbe ambedded imin theahteyiosauface df the vesselhid2. Wbeds
fixed, to 1S ] Lt will Oappr eci_at t hat, i n ot her
embod ment S gy TZHEA RS HENHS Bt 8 obesht bnqslf HQPRRIG LRI el indy T5a
and the séoonspasesfsoprokbibthiayadeelargedfialatetdd §0S acBigack 5) inpliM&d ind®hA'S
fixed, to any portion of the at.least one inductive el enent. [0091] In the
enbodi men®EeRishn | wilkela s Perccitd Rt imsiteds ysige i resthellye yaseube gifovi ded
inside a Mﬁﬁﬁ?lan{aBQtde&meb-ma s efly iBHeAANB atloddWREd Mo BMHigGE 1O

whi ch the i ant abl e device 150 is secured through biasing engagenent by

t he at0| edAtshefiea perarretive wiew| of mimplantable deyie 190 being prempdennsite @blvedi ce
150. Al tegg@%li vely, the inplantable device 150 may be enbedded into the
interior surface of the vessel. The vessel may have a hol |l ow structure,
open on of1983] Tke sndw ¥03 &lthownplhntaide tdovipad 80 ishadapgh o ifeasuré oammiopant of a
prosthetig, v ular graft (labeled 502 in Figure.5) inplanted_.into an 10
or gani sm BIIO? 3}%IWI rafg g'gﬁﬁlearéﬁﬁf‘g’é?‘a? dcaf’ﬁg‘fr,ekqg?l§‘i°élé{%ted?naﬂ§’inﬁé of ag?eagle hetic

vascul ar garahtter Wivin el cxpdradth € TURVidpEanidble BBNc L0 Hiadivealesponkins & hgd i nto
a bl ood vessel. [0092] The first sensor 154 and the second sensor 155 of

the i Al alfeamoeatifie\FiEEit] dRvinge cxeitgpinterregstore slameats, ghptataronin relestarsdl 1 ow
rate w t highAilsiRanival @aRdaGidl daes et L6 ¢l & e it 0fdong 19f heal th
paranmeter within tt he or gani a'lscm The %ITD éin?é{ﬁfdé égfa\%/}fecse%@ét%gdzhaylﬂbtg@

r esponsi vembadimentishown iroBigtieold\, ¢he exgiter/ihuwiopagoeelemems farmtpartrof g atparatel ement s
that are |, lectrical €a nicatjion.with the nsprs 154 and 155, In the
embodi msn%lpcsu oﬁr&ané‘!ﬁmﬁt’gﬁ)ﬁ e E tef"r?g?oe%hgi stug?tﬁt%tlgf’rs(gg%{?%lrca@ﬁ' LHREEL4 8% m par t

of a sepathategciaiios sddrceat y0oangenent, | ocated in the housing structure 162.

20  [0084] The excitation source 110 may have an inductor (not shown) capable of powering
the active element arrangement of the substrate 102 through induction. The ekcitation
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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[ 0093] The excitation source 160 may have an inductor (not shown) capable
of powering 20 the active el enent arrangenent 152 through inductive

coupl i ng.woOhe1iessidsat i on source 160 nay al so include a PeTasGeer/o08das ch nmay
be anot her inductor, not shown) that receives the output fromthe at | east
one.inductive elenment (156, 158) containing information on the difference
between the two pressures detected by the first sensor 154 and the second
sensor 155. The excitation source 160 nay al so be provided with a processor

(not 25 s that,A4 s .coupl to the receiver and pracesses the

i nf or mat i n\ﬁg%F{gElge 1ddl %fa regﬁgég’beé/?%%ﬁaq lﬁlé)%fn\\/{\% l%‘?eégcs?urs @s%uaéeicggﬁdgﬁ.tof’ﬁe

exci t at i oembalimest. T2 implantdbenddvicedsoneatiabletfor det&dting bt &ionh eluidgewt hat
can process and display the information on the difference between the two
pressuresra&’et ected on a conputer screen. It will be appreciated that the
recei ver ppde] ke mm&ﬁaﬂeaeﬂw;mﬁla%%ngetm%b h%@iﬂgraﬂtaem‘e'en e
arrangenent, instead 30of within the excitation source 160. [0094] Figure
2 shows aarsangementi K520k fapipsdnsert I9nconfeeried ite detetiey fiatt edessurecand 2 yec®0d f or
the activ : ‘ nt within both the bstrate 102 and
the houst ceTaduRL YRRty Bf B0 b Lo A Sah el FaeeEh §irPBd) A"ana
Fi gure | Cprefsuf9SThel firsvsehscrus4 and dedi seesnidSendoh @ 5 fipielih eRtiresl RBMinidation

i nt egr at edBﬁi‘rcuitry 200 may include the fol|ow ng bl ocks: a sensor

i nt er f ace™BP §2%291y5 cleingi arapgsmenf { &4 BhSER e actve Jement amanecRsnt [ 67 bl ock

206, ‘an epavidy ahFEQYISH ¥p&ifc RRVBLedBRARBTERSID) 9k ARdKaidahagrgpdul at or
bl otk 2100 g AP B maC? 1P ChnfEec i olha [0096] The

sensof0 i neresspge dh|seedad 2pressiesy andh praddee n eutpiti ¢dnggining upfosmtatian phehsensor
arr angene 4/ 11 ; r to, anpl.ify .and.condition
signal s 1@%(: éeggéo%%tg’t% é%lﬁ\%qﬁ ﬁsli 8&% ée%:r? g‘ﬁggﬁ%?\%gg‘gipﬁ%? & s’%tnlgergsrt Oér\ré r"é%ugcgﬁeent 104)
fromthe demeurlséys it $thyenmenhhnitllly orpted tanid hdysirpradrucardi 62 anl Bi détaticl
(associated with informtion on the differen bet ween the fjrst pressure
ot oot ed TRPTHRCHHOPSTIL B B BAMER APAESTRT d 30 YHE08 HemGReE FIsaaBy ¢ he
second sersypri5859)adhptedntd pwkt fisd agtReS@Emdmaraigehéi® 152 CRRARgR GAGRTIvd 55

15[ 0097] The data converter block 204 may include an analog to digital data

conveti ercodplipg & ap exeirasiogngonreri K0. ohe irdustyes elemient £36; S8 bademte®d®, t he
anal og t Gkt epl.e n i f or

arr angerrgtrr\?k%&ﬁei ?'g{pats gfrﬁ(g}}c{)r{h&g?tg}gcg%gkgg%g%?&f%g Pﬁ?’o ‘5?35}‘{‘@11? geg@ Thus,
t he dat a inémnetioreon HeodiKez0ck bayeanetbeifive passahro@nd itlgnsekend pressutehelngknsor

interface_hl ack 202 and cqnvert it into digital fo t 0.[0098] The
dat & mod g5 e Thae HE Beedite sNrial piprsmenRi ST dhe SR FEHOT b ¢ ne
anal og t ol thetsadondatmsot 05/ &id the imdhictiveeldhdnts DIBNYSY dremdehafidallsQdupedl t he at
| east _one inductjve el enent 106, 108, 156 and 158. The data nodul ator may

send the Qithy hopsingstructes ¥9%e at | east one inductive el enent 106, 108, 156

and 158 f @081 @81 chitoBnent RHSwn iR Erightt & CTOMY i Ab RhiaBle0g il s RYs tHANSM t
digital data through the at |east one inductive 25el enment 106, 108, 156 and

158 t o aningyatize reldmangsadith, IHEduWVhile Fugure A€ shivavsethat ¢aghiafrthe dwe dedutios see

Figure | ‘ bt ati urce. 1§€ ee Figure, 10 HQOQQ . The cl ock
e | At S L0 VLS 190 B SRR bR 2K, o
dat a conveemars blS6ckl 580ayt be idatlactivalut@hmunbhtagk wathO tiendctive eRRhgY
recovery § . . .

25 ° arrangement 152 provided on the housing structure 162 to power the active element
arrangement 152, it is sufficient to have a first of the inductive elements (either 156 or
158) be in electrical communication with and power the active element arrangement 152,
Accordingly, a second of the inductive elements acts as a dummy coil, i.e. a further
element formed of resilient material providing anchorage to a vessel (not shown) to

30 which the implantable device 150 is attached, when the second of the inductive elements

is deformed. Thus, in another embodiment (not shown), the implantable device may have
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and power managenent bl ock 208. The clock and control block 206 may have a
clock 30circuit coupled to synchronise the operation of the anplifier of

t he sensdawoi2atidrsaée bl ock 202, the analog to digital dRCA/SCRMION3ES of t he
data converter block 204 and the data nodul ator of the data nodul ator

bl ock 210. Thus, the clock and control block 206 may supply clock and
control signals to the rest of the blocks within the application specific
integrated circuitry 200. '1001001The energy recovery and power managenent

bl ock 208 By, golV} lreyit c I t he at | east one
i nducti vet el eggﬁ%ﬁ(gl% ﬁg%g&y 1E@ ag%ns‘i@gmf %(Vgtgv\% racgl ﬁg e%&@éﬁa%?nrggﬁf?" 8f the
cl ock andficonérsot; abd e ckcoddBensbhdispoged idbivastreafn dfitke fiesns@isor, ecfirkeseasddl ock

202, the anal to digital, data converter of the. data, converter block 204
and the dgrg‘ﬁ%d&Fgﬁo & PHBE 4t HerBeRll camrunrdion it henirdive tdememier gy

recovery amshgeRéR! TRNAGCIRMMAAL @FkngRRnMBYohAEA¥L 0 EREIAYe ke Pr&Eursi gnal s
recei ved through 10t he at | east one 1 nductive elenent 106, 108, 156 and 158

and may pestested hy thpdirplcsanpern thgaedond pressersgdesacead by ithaiisgoopd zs@?s.or Iand_
' - : 300 i i ng an
[ 00101] Fi Plléla cegar§ BQt\ﬁ’ﬁt &nﬁ%{ﬁ‘ﬁ%qm%at?&l oﬂ mel@gfé%%é; et@/eglqs [thtgvogprePsPr%g’! 9

I mpl ant ab evi ce, accor to various e S, ITnto the rmterior of
a vessel . d§teddd2Dn¢ ind0@jvezlgoindés mechanichlhy esupieadpbakhd hdismgdevita, andrin
accordancq W@tﬂ 15 enbgﬁjnenis of the invention, is pr videqf ﬁ% 304, the
gui de rod FETFHSEMBHITRCE YL hopapeorlement pripagement, Kherggthe 4p Y848t one

i nduct i veelemenEislad&fted Repdwik iBhaik @1t GRalg@mehl @RRH ikdichli@soplag NSt the
I nterior of the vessel so that the inplantable device Iis secured to the

interibr ©fan feitgden gurcq obho gydpetiwrrlemers deliafanted tf trasmit the ehtpubheing he f | ow
aC [ 00100 e R e o A sl LB O ot a2, oy
i mpl ant abl0888e Wetenia® @ Fignreads; ehedfimteenyartlii4 vad theusscewisentiont st are mitdol be
Pl aced ansdlzetde grt gt(ljnoi-srllie\éi ;[tlru(():tureaé,s whose electrical properties (such as resistance) change
when subject to different pressures.
15 [0089] 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,
blood, plasma) or a gas] flow direction, the flow velocity can be indirectly deduced using
the Navier-Stokes formula:
-AP/Ax=8nQ/(nR/)+p/(R?)*dQ/dt
20  where Q is the flow rate, # 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
provide anchorage, then the first sehsor 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
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shown in Figure 4A. At |east one inductive elenent provided as a coil 406,
408 is pre- conpressed on a catheter 420 or guide rod. As an alternative to
pre- conpreoNYssHe coil 25406, 408, shape nenory al | oy PCENIGRO1090¢3H3 as
nitinol, may be used. [00105] Upon inserting the catheter 420 into the graft
412, the pre-conpressed 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-conpression may be engl neered such that, after the

pr e-conpr %e?ﬁ&dl 5%91511 t %Osgc n%os n%? 15§ ;n% BE ecfl nical I){t gcurea6 in 8% V\(’M(g:ds f Fﬁed gr af t

30under fess an ere ore Dbl as™ ag |ns rior
412, there)mnyfpbnmimf&mcdtdnfasngmetlh@ctmwélam‘eﬁbI e deV| ce 400 within the graft

412. Sim S sed r the_cqil 4Q6, 408, its expansion has
to be such’%@ h A g\‘,gee“&l?ﬂ%mﬁ'%s 021’(‘38mf ‘lgH‘Ieylﬁ’rﬁ’ﬁ implantaple dayigs 150 WA P& of t he
prost het i grodided insfibZ vdsel Fh@WhEwAL: ThdessaAt &ve 44 QnteSor s%%c\!éag) Rfidh t he

graft 412 is further taken for anastonosis. The same technique described
wi th ref etherimplantable dayiees1® nwgcured thyough hayingengagstheioby @leditdyasngne he

I mpl ant ab I not . shawn) in as

conduct s. }nﬁb(gg'&f‘ égtr ei%t’s %ﬁrsgg t%{ osgﬁgﬁ’% \Q/igt‘é’(c:eullrag(r6 gr‘Aét?| %B’glyt htgg S

i npl ant edm‘mlidnahhe dé’m@d’ gw]imam lfBOélnbéBlded i lteeninddiioe sdedecef thoOefssee Tht gur e
or 400 (see Figures 4A to 4C)_may be introduced

| A), 150
Wi % hi- n théz fﬁT Y?e 9 Q¥ §irugturgy Gep oBPPPOYIS; HES tor?ébf”e%lﬂﬁu“q%s Haewshy ped
Wi th ref eheneent partofl RSt idNEschRr b fd@abeRidi 072 lh%gﬁpkﬁﬂﬁﬂsﬁt%uﬁé a0t he

prosthetic vascular _graft 502 into the organismb5

10 organism. It will also be appreciated that, instead of using a prosthetlc vascular graft, the
implantable device 150 may be surgically inserted into a blood vessel.
[0092] The first sensor 154 and the second sensor 155 of the implantable device 150 are
adapted to measure variation in blood flow rate within an organism and can therefore
facilitate monitoring of a health parameter within the organism. The implantable device

15 150 may be responsive to an interrogation circuit having exciter/interrogator elements

| 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 arrangement 152 through inductive coupling. The excitation source
160 may also include a receiver (which may be another inductor, not shown) that feceives
the output from the at least one inductive element (156, 158) containing information on
the ‘difference 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 shown) that is coupled to the receiver 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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[ 00107] Figure 6 shows a cross-sectional view of a portion 600 of the
housi ng structure 162 of the inplantable device 150 of Figure 1C

[ 00108] Fiyore11@ssHews t hat the sensors 154 and 155 are POTISGRo1800388 ong t he
direction 602 of blood flow, whereby the second sensor 155 is di sposed
downstream of 15 the first sensor 154. In the enbodi nent shown in Figure 6,
both sensors 154 and 155 are enbedded in a hernetically seal ed substrate,
wher e bIood fl ows across over t he surface of each nenbrane of the first

sensor fer et ween
the pr ess rgglgxggfelzzﬁf:oe i%ﬁ%]ﬁa{fl rgPh@éﬁg‘g aﬁrc?t Clrc‘sfe ongcfeeﬁgor 155,
t he fl ow s@ivecélementayrrdngeniestupresent 20itK0 111 Fthgu;[lbﬁraVeA\lDD ahlf b MWusing

cross-sectional .yje of the fabr.ication process to_manufacture a sensor
(such as fﬁié?“‘sr%r]ré%? F implgatahls e‘i‘E)?la}sW %Wr?:ﬂ@@Pgngﬁlr%r Cthe first sensor

154 and ttmw;emwshmmw&ééusshﬁmprglrbanlguri@mmC)rmggraem didBik§ B @RPhGy devi ce,
in accordance with various enbodi nen igure 7A "a subsYrate

700 i s3 prglude the allpwingdyogksi @leemserylererfpegbl@sbém 25lags cagivkitadiodki 204i de) i s
formed on an l,nd 04, (such as
Singl e orgenepmhipEBbicl Sk, ah ShorBY R0ty Bud BENERRHEH I bREE 0 38 °{ e
sensor madratebmoﬂallarorr bhickadl (lsimegﬁmmmdaht;m‘f each bloskinay b ay 50bys. vvaf er. However,
is als ssible to perfo icatio usm kS|I|convvafer
wher oby. pORYOSTES edstrmiagrriaee Hbsh 200, hine Bk GRertich FOtRIGEEFD 1 pensor
30[ 00111] Frhshg@BhtC RIAMGGE S¢nsbirY $4/se€0Ad @aréobess% ‘%ﬁ{p'h‘fyelaﬁ{d %Bﬁ‘d}ﬁ&h srgrmg eby the
et ched sem conductor | ayer 712 shown in Figure 7B nay be used to form

nanowl® e (astoeigtedypity detcuiedshamgepnn thesantor amaegeraent bidddrfrom ohé rppsant ed
(not showy, ??%g&t;@q?‘igﬁ Q?lg}’l J&?d%%ﬂ&ﬁ%{.]?{gg%lgxﬁr oczé]tgd alﬂh {mﬂ%n%vr\{' th&

structures fromt sem cond ayer 712 are
conduct i véiffewnes bty et ehad dipsa rpresswm oderecrealt bprthei firsc cerisooll Sedndisheasweﬂms to

7125, TnebERBRLREn o (B FRRMbaERon ) ByFoR oAb 1S AR &b A SEM

pi cture shawsrngsa top view of the structure 708 forned is shown on the
ri ght of Flgure 7B. FromFigure 7B, it will be appreciated that the

st ructr 9988 Thendate canveater §lackIPdamaw sacideyan appleswy digitak dafa wanvsiier es as
the sensingy PchetBﬁHE ani’p@i%nlgitﬁfkogﬁ%r ﬁ?é?f”a@é 1blo%ﬂ%za§heb8rga%k td 31 [AiPd Rt ed

(not shown) " in a high dosage over the structure xcet for the
nanow r e sonvertar goreertmg the amtpuy ixztm the serfsor arrangkmentr lddifgstaacor drsecondnt act

at region nZojleCSS 1%9(% a1]g2tgl ot fta t hﬁm %h ecgtas %%grqgrd lgég%)nﬁysreég% g%i g%’ 12?]' dl :

Figure 7 Bt e yer
patter nedsxgmlsoﬁﬁ@ﬁ tliearsﬁmihterfmrwc&dztzs)zEﬂ;&magladn%hadmtcodlgmﬂd&%amortI ons 742a

?Rgt 720?'2 ;)9%]:]1@1 e(ia(t:ahren%dglgtne'r %?ocﬂ%%)orgayl }?'g(/%ra a]falz moﬁ‘ulgg)tr%llat lnsa ?:loeurpleldstoC%l(‘?ep osited
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 ieast one inductive element 106, 108, 156 and 158 for transmission. Thus, the
data modulator block 210 may transmit digital data through the at least one inductive

25 elémerit 106, 108, 156 and 158 to an external reader module (such as the excitation
source 110, 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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15 patterned to forman interconnection, whereby Figure 7C shows the result
of the patterning of the netal layer to | eave contact pads 710a and 710b.
1001141 RewoOf20r1¢088%¥6t trenches 762 (see SEM pi ct ure showPA/S&2010/90836&2w of
the structure of Figure 7C) are created by etching into the substrate 700
and- are subsequently filled with stiffening material such as silicon

di oxi de. The stiffening material is shaped 20 by the reinforcenent
trenches to precisely define a cantilever anchor boundary during the

ilicon rel a side I h.stop. |.n.cases e i se
et | ot ofogRsE: LA A5, B TUNBE B 5315 aTRI e 1B RREHPREEERRRE s
r ei nf or cesmpply ¢locknatil &intlol sighalbeo tHei rped thddblocltsheitlsih ithd gpliagionedpesifial

deposition may still needed for later formation of nechanical structures.
The stiff BRIt ¥Nt%%xt ends past the reinforcement trench 762 to cover

the 25 whphgowaf erTRUEFGEE ’red-o'ogtli'ugidnEo&é}emgﬁfg:ic_ﬂﬁhlal)log% H08ChAY hal @Y Ir (760a

and 760b) and the contact "pads Oa and 710b. The stiftfening material is
t hen skl eoncrgiemypnagegierdciraitcpepled e theoattleast opadslutiv@aelement 1060)08ad 56 hown i n

Fi gure 7D, T h tjiffened ucture 716 is shown i.n Figure .
100115 1Ana“§p§§i tﬁég‘?%%h§ s°ié’8ﬁ Reiils %t‘[?‘iz?“’?‘%a%‘% %%88%'3@%% the gt %ttjtf?? f ened
30st ruct ugeasofiftetfocel ok 202etherakiag i dikitdtdataclontéter dNehe Fai GATEHEE bIBEK
substrate_700 | gri nde;j dov¥n on the bottom side 700b of the sem conductor

subst r at e2%otnd tBe dp supdulatorey ghit daty modpgtarblecki319: Jhug)tBasrerey reepry
canti | evegndSidwis tdh&eehrt bio@0 348 1ap ré:d-é')ig%l{a &srggifr%n?ﬁm&{alsl r@c\/e?\';eg%lroﬂgﬁ ure 720

rel ease can be done fromthe top t he”sem conduct o
subst tat ethz@dleagsiong indistivpelemsnt §090h0%t16H and 168 end miar pewernihe applicatior

substrat e?z?l%cg@géﬁgh%jr%t 798p through anisotropic silicon etch. [00117]
0

Figures 8 Ow Cross-sectional views of an assenbly process to
produce afoion! ant dhigwedegheowes @sfioh dhartt 300 illwplraitigablmeetied/ io€ @labhfy shown in

Figure 1C) in cordance w.th various enbodinents. [00118]In Figure 8A, the
assenbl y BRI dRsenaccaf Be onargys FRTERENbANG e plerion ofsetfstl- 854, a
second sepeEs2}855 and3an ABufdeCRidPwithZarPivhplafkable ddvie® ih He&Ir§RRBEGHKH ON

15  embodiments of the invention, is provided. At 304, the guide rod is inserted into the
interior of a vessel. At 306, at least one inductive element of the implantable device is
released to bias against the interior of the vessel so that the implantable device is secured
to the interior of the vessel.

[00103] In one embodiment of the invention, the flow chart 300 may be

20  implemented, as follows, with reference to Figures 4A to 4C.

[00104] Prior to the anastomosis of é prosthetic graft 412, an implantablé device
400, in accordance with various embodiments, will be placed and tested in-vitro, as
shO\'Jvn:in'Figure 4A. At least one inductive element provided as a coil 406, 408 is pre-
compressed on a catheter 420 or guide rod. As an alternative to pre-compressing the coil
25 | 406,‘4(‘)A8, 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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cabl e 870, provided on a holding substrate 871, using a flip chip bonding
techni que. [00119]In Figure 8B, a housing structure 862 havi ng openi ngs 872
i's provi de@.20AdléBlve 874 is selectively dispensed on aPSWSGACW/ 009368 he
housi ng structure 862. [00120] The structure 864 is positioned relative to

t he. housi ng 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 flexible interconnection cable 870 is then

i 2566, Wi Nis: | . DBy . 862 and
bonded, Vigg tROBSiAGd6, %g,htstetaﬁalﬁﬁhqﬁ_k *ﬁog%%lglr 31:5{;%1% gglll) Q@&%O@ gﬁé%); é’fg&st{g the an

cured to achi eve hernetic sealing. ubstrate renoved to
form the sntenantwalls 7l pilosthetid grafidgdr én SQureC e 2athktedd20 iswemooéd and( not

shown) arg attac -t he .haousi ng structure,876 through cqnductjve gl ue or
sol der i ng%%%rgﬁc%%éscﬁ%hﬁrjt%eﬂt ST %8? ?f‘st'hjhﬁo?f “nit 9%3W€g§%?‘@nq t he
coi | s ar erdeshgecFigorebs dndetd tl 4C tntayCit @ed ffow ddpl®isDite iMpRARDIOTeser | NY

re-shapin [00122] Figure 9 shows chip architecture 900 for ASIC used by an

i npl an angOE%é%ﬁFk&‘éf%é%?mOh opE) duringhpspassserfiustsnt s. [ 00123] The t
i i : i . . enen
archi t ect yioa o8P0 i nPigUFéESSslﬁm%eﬁﬁzl%thétmﬁ%%ﬁiﬁg%r%%@f tl%gg%mﬁ) B@%{g&%%g

l
bl ock 904, a rectifier/load nodul ator/ | ock , a _
ext r act or pya8Hisueiidd ulhet ioplgntalbe dayicer 99dsce(RORE 14)ot30 GOS8 Figaredl € drad00cor e

bl ock 910 . block 912. 3Q[0Q124].The sensar interfac ock 902 is
adapt ed t {)S%gg@? % ontosJé@e?’g %? hnﬁrﬁchselgdWﬁ'ilg %§éﬂ§%?t1° vascu'ac gr gfi ﬁ&)r“s‘&‘gand
Sensor Rethe)edhniye degribed mith ecfeRASOLFifutesNhihiA he4CARI I 1o fnflonnemiad. The

anal og output signal fromthe sensor interface block 902 is then digitized
by thgoA eﬁVﬁ@K%QYQ“ﬁkHgﬁﬁﬁv@ﬂﬁ@dh?@g§“§éﬁpél bit stream The sensor

interface(golgpk 902FigHredd $RowORNEEE&EtoRal bl%wdé)tg!a tpt%hio%%a) Bt Aftknoutfp the

cl ock extractor/ASK dermodul at or/ POR bl ock 908 an e power nanagengnt
bl ock 904strupkae dfpt the implertable devic® 1% efdrigurell€. t he sensor interface bl ock

016 and alWE00C ot FRpRCE BBy yHE the o MMM TR roRosiser Tk S04 1 s
coupl ed t dir¢chien $O62 o6 bldodt ferw, adterdblyah second sensor 155 is disposed downstream of

15 the first sensor 154. In the embodiment shown in Figure 6, both sensors 154 and 155 are
embedded in a hermetically sealed substrate, where blood flows across over the surface
of each membrane of the first sensor 154 and the 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 1A or the first
sensor 154 and the second sensor 155 shown in Figure 1C) of an implantable device, in
accordance with various embodiments.

[00110] 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 perform 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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902, the digital core block 910 and the ADC bl ock 912. The power managenent
bl ock 904 receives recovered DC power 920 from Rectifier/Load

Modul at orwQi2m 1765824906 and 10sends a regul at ed DC suppl y PCo/SGa0er00036& bl ocks
902, 908, 910 and 912. 1001261The rectifier/load nodulator/limter block
906.is coupled to the digital core block 910, the clock extractor/ASK
denodul at or/ POR bl ock 908 and i nductor coils 922. The rectifier/l oad

nodul ator/limter block 906 nodul ates data fromtransm ssion data signal

930 from the.digital bl eck 910. . The, extracte ta is, transmtted
Dhrougn 1 e itee TR af0TEAP) Bohar Snch ASuS e R foh et Age the
denodul at eichddRnfitaelict8d biykis7 B sOthaOrtpb&te sGuéthRs di1 B 4l 7128 Bl PEEM910 to

provi de denodul ated. recgei ved data 924, a clock sjgnal_ 926 and a POR signal
928 to th ecﬁ%@f’é?ﬂ*{f@lﬂ@%rda@f971?-).arer%@da?tW@kWEWPh%@pﬂswoa@ﬁﬁaﬁmrwor/ POR

bl ock 908.sarmdyhes GRatd8 thiRGRL yiedoredi iR pr eﬂ’eptﬁ‘@s%ifh%q{ang\i/iré E‘ﬁ.lcﬁgé; $12922
20and sends the denodul ated data via the 'recelved data signha 4,
[ 00128} Thendi7 igibt Ehe maplentitianck fdlogved dyyasglatien bfidhe sironers JO68. AGEM Ipictarai p

hitectyre .900, The digital cor ock, .910 is coupl ed t he _ADC bl ock
Srlg l.[ gglgﬁ)]%ﬁ\%%?fqpovﬁg‘iv%g’f teq 'ﬁer@éqlfﬂ?“?dﬁ% ShWhoY g‘&"ﬁﬁ@@%@”ﬁ?g‘ Lol | ows.
[ 00130] DCFigaweTB, liewilVies appgechdtabiat the struttére 708 e bd ud td for@ dehdor using

rectifier/load 25nodul ator/limter block 906) with a parallel resonant tank
at the i nPtR SIcPmnanpwies gsithe,sansiRg element. |

[00112) Another dopant, such as boron, is implanted (not shown) in a high dosage
10 over the structure 708, except for the nanowire structures 712a and 712b, to form a low
resistance ohmic contact at regions 712c and 712d of the etched semiconductor layer 712.
[00113] In Figure 7C, a pre-metal dielectric layer (760a and 760b) is deposited and
patterned to open the ohmic contacts 712c 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 interconnectioh, whereby Figure 7C shows the result of the
patterning 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 étching 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'hqst‘iffening material deposition may still needed for later formation of mechanical
structures. The stiffening material extends past the reinforcement trench 762 to cover the
25 whole wafer 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
contact 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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rectifier/load nodulator/limter block 906) and the power managenent bl ock
904. [00131]In a vascul ar prosthetic graft, very little RF energy at

13. 56MHz Woa20h&s320 | npl anted ASIC, after skin and ti ssRETHGIOMOI36H, f or
the RF-to-DC energy conversion to power the ASIC. Hence, increasing the
efficiency of the rectifier and reduci ng the 30power consunption of the
ASICis critical. The chip architecture 900 achieves this by providing a
parall el resonant LC tank having an optinumquality factor and a highly

ef ficient éﬁﬁd%h?cfoi\x%ro:f’ﬁx%ib%ﬂ% SO e SRR SutfshRD 70he UL ALATS -
[ 00132] Thé resi stance of nanow re sensors cﬁanges inproportiron to FI ow
rate. TheFgersiy, to fucdititacededst ofthe @0Rile@nwudnaret’/D@ resi stance to anal og

vol t age. nal og valta S in.turn conv ed to digital data by, for
exanpl e QP—@g!@i t ADE ]iolﬁurfﬁg’ apffle v S%%regzrzblrgﬁ?é%%ﬂ%fioq ”é?t%?eatet’ed from
an i ncomi gige GaOT b khe §PMTtEHAUESE BibkAateN 200 NGhg i RIS Bilichiiefh SBNoMANE 2
carrier frequency fc of 13.56 . The sanpling clock for the ADC bl ock 912

VHz
may beS 10&mMieqsdugiar sypsirate 760 botgom yide 786k dronsh adisotrenic siiedn ¢elres t he
i mpl ant edidpifg by s ' c : el sel ' e read
and setti Lg 10t he p@gg}ﬁg? eA?ts? suc &gs?rdg%fgitsgcgnoﬁgltgg‘%%tg ?Sﬁq?ﬁeﬁﬁ%gﬁg{%;g’?t he ADC
bl ock 912pmHerkan implenaiatadce (Fhch ssehs anpldatbleidsvide §50 shoadh MyFigkre 168PC bl ock
912 and converted ta.,a serial, bj.t stream The digital data is coded to a

desired fBraEIrdmce At rgPs spbeimenty 10 and sent to the external device by

backscat t poirg the innEigwe A, Rie 6REMbEY profds® Beiné QA (MO tddcAldeRNof a first
[ 00133] Unregul ated DC voltage froma rectifier in the rectifier/load 15

nodul & or ¥ §¢r a 15EER s90®T 835 apd ap AYE Byp Bévop©vieflerible insraoaegstion

regul at or T¢ ﬁﬂ}? . . i . erence

vol t ages c‘))}e %@éplg\eoﬁ%grm igi\h?erl a%ug%¥%§Lﬁg'gl£g§2§£ gﬁlgiﬁﬁ%{eﬁﬁuéﬁé ADC bl ock
912. [001@41HMIgur e [hOFighre\#B, & balsmgedtiuctudk 862 haviog openidys §H2ointprevidedl 000 of
an ASIC us b n..i npl,ant abl e devi.ce cqrdi.ng to various ,
enboai mentdhesiEd e IR AR5 B = S of Bt RRe g E B coi 1 1010,

[ 00135] Th@ORE]f r ont FiendrutQBO86 M i3l piditioned rebitivieftd efe isdusiag sk&dse F62check
extractor stage 1004, an ASK denodul at or st aq%e 1006 and a backscatter
modul 3t or thak eagh of Hgdirsy sspses & B sqcnrd seaser §oeanddha 481G olop 834 ds aligaed
backscat t @rins@ditk b RespelR@EoptARE $9D€ The flexible interconnection cable 870 is then

bonded, via contact with the adhesive 874, to the housing structure 862 and cured to
achieve hermetic sealing. The holding substrate 871 is removed to form the structure 876
shown in Figure 8C.

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
durihg re-éhaping.

[001'221. 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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coupled to the ASK denodul at or stage 1006 and an inductor coil 1010. The
ASK 25denpdul at or stage 1006 is coupled to the clock extractor stage 1004.

[ 00137] ThwOpows3zonver si on ef ficiency (PCE) of the recPCRiS€2019t08¢p63 1002 i s
an inportant paraneter. For converting AC energy to DC energy, an

ei ght-stage 1002b differential-drive rectifier is used. The rectifier core
1002a i ncludes transistors 1012 connected in a cross-coupl ed bridge
configuration. A differential-drive active gate bias 30 nechani sm 1014

enabl es t ol ) ' C | I. revense,leakage of

di ode- con%‘gztggd%&a?&f g@fﬁaﬁ&%@gﬁ@ t? Ise”t]lgeassrﬁle1 ri"rlr%, acreebzﬂﬁktgl%%gjsg‘ "a hi gh
PCE. Eachdigitizaddy 202D Ci tHockeX12aintl yosvented exla sdriahbit Edﬂ@nDQ“Hbadehso@.mﬂerﬁf&B nect ed
in parall he input RF termnal.s 1016 d 1018. By using this

mul ti-st agt?c@g)rq i 1§Alse F%‘}Re“ﬁéﬁ?o ?i‘i‘i@‘@_ 58 _p)ﬁ’_ﬁtg’l\j%lﬂlea@l@df §ngﬁt%f('?1%lﬁl at the
optimal op&h&duldie/POR rHlodW@@f@aﬁd"%ePﬁvér%fﬁﬁééxﬂ%xﬁgﬁock[w?’ﬁ}hg REiGl o5k

extractor stage 1004 includes an input AC-coupled anplifier 1004b and a
Schni t$ t blogg810 e@ueels thyisenser indelase §logk 902 bilianiintegratign engbleaignabds an

buffered g‘tt%%ﬁ%ﬁqm@ n(r%psi&r%%?é EridO%%g# g{’;’f‘ﬁ%é‘%&rge‘gﬁ? its reference cl ock.

[ 00139] Th enodul at or ”st age I'ode- connected transistor
arrangenef012§j06a f Bie prwee Inoypegabedne block 804 &ncoapled agthegensor fmtdrfacd B0k, a

conpar at o 006¢. and a puf f 100Qd. h K denodul at or sta 1006, the
envel ope é?zl’ttlﬁee&%ﬂglrc@&ee @%SL%W%U‘?‘@%J%O%Q alﬂfdﬁ’%’r i“?“&%erﬂfé‘?_glﬂ’f’k at the
conpar at 0904l AREE eMdchvdr&iE DAY B5 3G 0203k i RLtiiSA RaVbARRoAL intikke 985 GR@l 1006f
fromthe averaging circuit 1006b to obtain a conmand from an exter nal

devi c&? 1&mdspigen q supihpiespoaver thadledks 902190809 1Ggdétént ed in a digit al
baseband m(ii%] The rectifier/load modulator/limiter block 906 is coupled to the digital

core block 910, the clock extractor/ASK demodulator/POR block 908 and inductor coils

922. The rectifier/load modulator/limiter block 906 modulates data from transmission

data signal 930 from the digital core block 910. The extracted data is transmitted through
15 either of the coils 922. .

' [00127] The clock extractor/ASK demodulator/POR block 908 is also coupled to
the digital core block 910 to provide demodulated received data 924, a clock signal 926
and a POR signal 928 to the digital core block 910. The clock extractor/ASK
demodulator/POR block 908 demodulates the received signal from either of the coils 922

20  and sends the demodulated data via the received data signal 924.

[00128] The digital core block 910 serves as the processor for the chip architecture
900. The digital core block 910 is coupled to the ADC block 912.

[00129] ' Additional key features of the architecture 900 are as follows.

[00130] DC power recovering blocks include a rectifier (from the rectifier/load

25 modulator/limiter block 906) with a parallel 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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controller of an ASIC used by an inplantabl e device according to various
enbodi nents. 15 [00141] At 1102, the digital baseband and controller is

i nacti ve WO 220n/@3pewer of f node. At 1104, when inducti veCE/SGe0eessdy an
external device, the digital baseband and controller enters into a receive
node. At 1106, the digital baseband and controller will determ ne whether
the external device is transmtting a SOF (start of frame). If a SOF is not
recei ved, the digital baseband and controller remains in its receive node

at 20 1104, |f the e t he d| ital baseband and controll er
t hen dete rrﬁvhdfé ar{Mﬁﬁ a}"‘lfﬁ“é/? ank haxing g ??ltgn%’?taéﬂaﬁ'é' g&‘@&ia ‘g.aqﬂgﬁillo,
t he di gi tefﬁctmsebaﬁefcm@mbmmgﬂvmetov@m@ & (WDe)) heguldihre. 1 mpl ant 1D of the
ext er nal ﬁp\ég e rrat es the IDof the ASIC. If there is no match, the

b

di gi t al nd an &ﬂsrm Of NaRYWiFG senisersi ¢hangesyier PropaTtinm de flow i@, | f
there is enoRéfby 1ﬁt8¢ac@'@bél@bO?@mﬂQQh@p&ls@:ﬁ@ért al’xﬁf)%%ﬁ%eprmgeaﬁgl% to 1112

to 25 receive data froma flow sensor of the 1nplanta evi ce reggrdl ng
vari at  onveliageligind turh ganvested .to Aligitel data biyh éordéxgimipid abafbetbAB@ @ntle 2 ol | er

enters in it dat a provi di ormat nonthe
variati Onf)ll%%l?‘? hZA‘D%I c%)cg( ?1 al (iis %trac eg\tfrom_i%chﬁlEn%?a&i-l?r;i?orB an 86‘5% ﬁ
% ﬁnt (r]I ol | eheld davisdyivitich l’ﬁgy hNeQrdiP’lidr(ﬁFéqﬁHth/ﬂ&)f\/lar%MH@ MHesainPBngd J:l?u:c:ldfofr ljow

e |g|t n contro er then returns to its power o node at
1162 S0 135 B 003 T nistaaly et s £8 o T PHAt dex ke aBBRITT e | ane
circuit 128aRéd ABIAE Serldffpth Bndihd. wﬁé%ﬁ%r% {ﬂ@gérﬁ@r BB QLA afﬁg skffin V\%/ arious

enbodi nents. The sensor interface circuit be conpati
nanowit e- haparamsicsy sich 9 geinyiategeation tignausied thQ)A@éfrtdeckfﬁ?hZMbCklmgﬁ;nevdWe t he

sensors r C r.dj ssure applied to the sensors.
The changgﬁe} ?\etn?%s(}eaz %Qﬂégg%ﬁg&& Alg@ i kf%@ arn;éncoéwo °d 18, FhARBETHe sensor
i nterfaceThd digitak ddt2Q codelver b slediRd folﬂﬂha)t ﬁn&ieo@jgi\mldo&gelo 0@ 3éni] tbhite sENSOr

interface circgu 1200 i.ncludes .a .swtch current ator stage 1202
coupl ed t%* %{“é ‘Jr‘?ﬁ'lcggégﬁ‘é‘dc t5TIRg thedpeaming ééfrf?réllr%?é‘ odghignat i on of the

sensor i nfoeufRce CiUfekilattd0DCE S vBKsYeal AGH W t Rctigberigr QH@erécﬂﬁEﬂ/BH&e 12B,
whi ch shows a timng di agram and ougﬁ)ut vol t age waveform of the sw tched

curreht |medyrtar/bmiter hlgek P96 s ragulay hm]lmrnorvrgr L& voliapsTieeyetorsod The 08,
swi tch S%Jeraagnazﬁag;é Qckhﬁ)ﬁ\gl‘:ﬁeqmgsd d%HFerdepéfcnje%tzeogBl?%}#g% 5 e sé,?sQZ are

cl osed while swt I'S ope I ng op-a he unity
conf i gur aintepface Hloek 06X mwta SJARtAtIéCaIpmamﬂ)CLBEﬁkBM stored in capaci tor CG:F

during th i od 08. on-over| appi.n i n n h 1212,
et vieen (R Flcer Japrd0eB08: SHGeralt vagal drdl fenrod (086 H A5k <
shorting wkd dysantnslaitable lede hocdrhifg Rb 62H6ES bHbodifesSN SIHe) RE Grdaf-eadnd
before 82 T is fully opened. During the integration (INT) period 1210,

S1RsT24ndl IQB‘T"e&FSéOB’béWé‘EFO\V\ﬁ?‘l OBt ch SENT is closed. A selected channel
Sensor Cuppesy) is tﬂﬁ”RFrﬁto%gEﬁé ‘P@bd RERUYENa SaRidich L@gor il BGate period

1210, a vol tage of 100 I's applied across the sen The out put vol t age
of the i niteggri&Pdran Aliiﬁtigmod'detpt $t$ 16(106and'@Ibadgeatleemﬂulahastagtewds on both

e, Lt SoniigD, PR AR 0190 R BRI Gl RS
swi t ched @uplednd matm{aicModahagatégzom%Sarﬂm idduetbr a0l MA0VEThEASKO a
diffes entéemoduia(lg r}%{age ¥O(SJ] 1% cg\ilpqg(l t%-the clock extractor stage 1004.
[00137] 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
30 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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ended to differential gain stage 1204. The single-ended to differential
gain stage 1204 includes a fully differential folded-cascade op-anp with a
swi t ched-wapatiasa46conmon- 25 node feedback (SC CMFB) cIPEEHGROIDADEBE63 a

swi t ched- capacitor. (SC) feedback circuit 1216/1218. The gain of the
single-ended to differential gain stage 1204 is equal to C/C2 and can be
controlled as O is a 3-bit progranmabl e capacitor bank. [00146] The
operation of the single-ended to differential gain stage 1204 is as

fol | ows. 1 S.£hRse ' voltage is stored i he capacitor
a The obREh10Zh s SefiifRERed Bbnk MR BC AL ARE e e PRI e GERES | <
reset dur REgtetningls 0616 add 100&n BS2usirg thisomani-sthgeecontigliigton, mpptoptiste DC
transferred to . Th%%(%:%le repeat[s agaj n. Capacitor C3 keeps the op-anp
1214 in a°WPBSE@iegusy b thgopfimal eperajing poiny sihereghe PEE ieparimizednaci t or C3
does not g@Bg)i but eThO clobR edRhdtoroftadd foc MehBeE R athut AElbdfpRidehpigier 9ai n
stage 1204, which (as earlier nmentioned) is given by C1/C2. [0014/]Figure
13 shohs &0@bradatSchmitt tipgam Wea.o TEAFodDIend d0dividedihy A8 € 1084 bbiferad

: rr_pl ant abLtell()%ga'5§f§eaq6856d{o%%ié)ipalXWe%Qﬂ?r?%Qgéc@cﬁg s. The SAR. ADC 1300 is a
sui tabl e solution for m cro-power nedi Cal TqeViCes due to their |ow power
consunpt i {19139]00148THeha SKARmMddIlat&08agen th0sdmsludes a@ileiconnedtedayanti3fdda and
1304b, a swi tching r 130§a and 1306b, a tipe-donmnin conparator 1308 and
swi t chi ng FowgEmenigl00ss or ARVRIRa)rissHipny b NGBS ALK LOARD & CABBMPIE (o ¢ he
capaci t or 1@udcamd l30dferardod 30bihe A SK1 AembiIABE sthg® Q006 NBe EhvBRsHOEHLE
conparator 1308, utilized to reduce the power consunption, converts the

vol t ade sregpised ASKpmpodelatgl ignahh@0eossampsredhet darcamparatasfl 00he with| thes .

00149] A -rmd ' i i : is.apnlied to the
15 SR KRS Vel e Slatbiod e S P00l A W R PR 56
conmon- nod#aineseimang ftom anl extemalsdevicehi ng schene sanpl es the input signal

onto the | at es_.of the, capacjtor, array.1404a and 1404b (equivalent to
t he capac[ot%g?(ﬂarra;S/Fs'g‘i@dga?h&Wga Faghartd 1@?‘@8?‘@%%‘)5? R 1%‘4%&?85?6 pl at es
are reset cdnroNem R AIIC Se®bipal infplanvildé d-icdecatainddo $8hodsRibodimelEB can be
determ ned during the sanpling period wi thout a need for another 20 cycle

for the M884Mci si obt 11AY, sherdigital basehard ansheantisllenis dgastive psinsapesier dhsed on
b Y 045 Bl SN A PRI 5y M BOLO WA
di f f er ent &l cantrplai angars inde @ receivrewbdel Ao 180G thodigeal, basetmad iand) cantwillet ual ~ Vem
T V] b B0 £ M PR OB QR s 1
SOF is not received, the digital baseband and controller remains in its receive mode at
20 1104. If the SOF is received, the digital baseband and controller then determines an
implant ID, at 1108, of the external device. At 1110, the digital baseband and controller
checks whether the implant ID of the external device matches the ID of the ASIC. If
there i$ no match, the digital baseband and controller returns 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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25 cycles to conplete the conversion. Top-plate sanpling may be subject to
charge injection, but using a fully differential structure and

conpl emervary1igaBi46hes can reduce the effect. I n an int @§TRGREN0H9E6EM an
addi tional voltage |evel would nmean an additional buffer needed in the
systemto hold the voltage. Such |ow inpedance buffer will significantly

I ncrease the overall power consunption of the whole system In order to
30avoid using a third voltage |l evel, the reference voltage can be designed

in such a; - - . - et. Vief . which.s
sel ected 10 %:tegcﬁjh‘gf y%(@fl#%eb?%op tatlgfc%mgafrrrlg éreﬁ)ofe?jaf)tdeeéo%\%&%eo%‘%oﬁﬁ used

[ 00150] Fi gusensel Buidhinwg wehend the episotsaesigmiteothanpge ASbofdigdtopprdSaR dpﬁﬁai tay anh

i mpl ant abl e devi ce_according to variqus enbadifrents. Th S| C chip 1500 has
been fabr iﬂ?:eaieBﬁorf'ﬁ”U. %[ﬁﬁ BMSESBPGe 5% . Caf E’g‘ Sg%ral?ﬂ?ﬁ f@@“g Bct\pt- edea t ot al
active ar genséfinterfadelcit@M20@bshveRNARMBR dhalogtvdlagover of 21.6p W

[ 00151] The ASI C chi 8h1500 I ncl udes a sensor interface bl ock 1502, a power

managetrenfOMA3lck 150ke senspre diterface reinghip dR0A Sardudes acbwitdhed current integrator

extractor/ ock I u I k 10. a djqital
core bl ocﬁggﬁg&a?\éﬁ g:rcllbtlxtéglgéi g%ad?fgtﬂ&ﬂgrfgﬁ ?O%%g'fg%?@hoé eﬂg"r‘f”ﬁ’gﬂ‘?e 16,
RF power fenson interfaeeleircunalk?00 onexqrldieet & dh Derergnpe yo FiguieoldB, whivh sASEachi p
1500 and command from a reader, i s denpdul att d, c.[tfgc}é is extracted fromthe
ncom ng D918 Sy dad obRST daltael sy iR o (e etiehed e dalER S gi ¢ al
baseband, 1zdéock for the ADC bl ock 1514 is generated to convert anal og
sensor information to digital in 10-bit ADC and this data is processed in

digital bH¥AfHNd anBurirgireset (RST) prEcd 6208, wwiteh St apil SksT1E1the switched
Pecksca Sk B o S AL HPRAPSSER SR Y G S
per f or mante unity pammenmifigeditiom Tablofsdt.of Tabbpathp 12Dasustetd Re chmch@mnCe:r Sunmar y
o o BT K o, PP FooRAE MR 201 on
reset period 1208 and the integration period 1210 prevents shorting of a sensor (such as
15 the piezoresistive sensor) to ground before S2gsr is fully opened. During the integration
(INT) period 1210, Slgst and S2gst are opened while switch Spyt is closed. A selected
channel sensor current is then integrated through capacitor Cpyt. During the period 1210,
a voltage of 100mV is applied across the sensor. The output voltage of the integrator,
Voutiy, settles at a voltage level that depends on both the integration period 1210 (which
20 1S programr;lable) and the sensor resistance.
[00145] The single ended output voltage Voutpr from the switched current
injteg‘rat‘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 switched-capacitor (SC) 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 C! 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

S2 is closed, the charge in Cl1 is transferred to C2. The cycle repeats again. Capacitor C3
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ASK (programmabl e nodul ati on depth from10%to 90% in steps of 10%

Commruni cation Protocol Mdified and sinplified fromI| SO 14443 RFI D standard
Recti fi erwof2bi1diseé#éy 66% Power nanagenent bl ock Ef fici eRCF/SG260M038dWer
consunption: 12.8, uWADC Resolution: 10 bits ENOB: 8.6bits @5kHz input
7.4bits @25k1-1z input INL/DNL: 1.5LSB / 0.6LSB Total power consunption
21. 6pW (RF front-end: 5pW ADC. 0.4,uW Sensor interface: 1.4pW Power
managenent: 12. 8pW Digital core: 2pW

keeps the op-amp 1214 in a closed-loop and holds the previous voltage. However,
capacitor C3 does not contribute to the gain of the single-ended to differential gain stage
1204, which (as earlier mentioned) is given by C1/C2.
_ [00147] Figure 13 shows a schematic diagram ofa SAR ADC 1300 of an ASIC
- 5 used bS/ an implantable device according to various embodiments. The SAR ADC 1300
is a suitable solution for micro-power medical devices due to their low power
consumption.
[00148] The SAR ADC 1300 includes a capacitor array 1304a and 1304b, a
switching array 1306a and 1306b, a time-domain comparator 1308 and switching logic
10 1310. A non-binary redundant algorithm is applied to the capacitor array 1304a and
1304b of the SAR ADC 1300. The time-domain comparator 1308, utilized to reduce the
powér consumption, converts the voltage signal to pulse width and compares the duration
of the pulses.
[00149] A common-mode resetting tri-level switching scheme is applied to the
15 SAR ADC, as 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
capacitor array 1404a and 1404b (equivalent to the capacitor arrays 1304a and 1304b in
Figure 13), while the bottom plates are reset to V., 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
previohs bit decisions, the bottom plates of the following capacitor pairs will be switched
to either Vietni O Vit Whereas the rest of the differential capacitors are connected to
each othef, creating a virtual Ve, (= Vi¢/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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20[ 00153] Notwi t hstanding the materials, along with their respective
paraneters, presented thus far to fabricate an inplantabl e device using
met hods iwWoa0tidss#nce to enbodi nents of the invention, PER/SGIPIOAN3EDI| e
device built in accordance to the invention may be conposed of the
follow ng materials and have the foll ow ng respective paraneters.
1001541The i npl antabl e devi ce nay be made of bioconpati bl e packagi ng.
1001551The sensor arrangenent (104, 404) nay be formed of poly silicon,

h he foll
3 ranet ansPBis i bRBTsnE S AEREYR R st PERE T 3Ry pnca ' O 9

d|nenS|onnmﬂewenﬁxqwhqgmggnpreSS|ve and tensile forces occurs preferably

al ong one for the sensor arrangenent (104, 40 to sense fluid fl ow
havi ng veﬂ@ﬁﬁﬁb of Hurol %GEWY%a‘ﬂFFﬁhQOEBP%ﬂéﬁEeA%&fﬂ@ﬁﬂéoghﬁﬂhéhﬁg |

10r esol ut irﬁ?lantﬂﬂ@ &koiee C&'&@orﬁxiaé‘io viAsds SR¥odhafts. 0ant A gfed1eh 1564 }iassi)éehCO.n

single crys licon, silicon oxide or nitride. 100I56]The at |east one
i nduct Fve fabirientedhin Q. 1861 CMIOS p16ss. TBE ,ASIQG:hipt 0B avaypitsen total aetiveafearafsi | i ent

mat eri.al chor age n the jind ive elenent (106, 108, 156,

158, 4086, Rf@! §m§9@858?W¥ ?ﬁgqéP“Fé8§$l§%& i nductive el ement (106, 108,
156, 158, [0kﬁ511|06 4980 ASIE &fp f1008ARkIRTes N SRS ifRérfdck tHAGHKUMB02Thepdter | €ast
one inductive elenment (106, 108, 156, 158, 406, 408) preferabfy rovi des

for hi gh- BRprgsmeRt Plackdliddi oacedispiblosy §306, povieck extecteaidampdulpior dlock
@s. 56NHZIS@Q%ﬁﬁ%laﬁHﬁﬁéﬁﬁﬁo(}Qigltal%g?e)blg&yl5?2241 Hﬁ‘g)é’{:lo@l&’ii‘ 45' licon or

silicon on i nsul at or ousing structure orne
silicah, #§0152ZJon oxAdehawn pmJIFygmq: 162&ﬂ1mVASI££6np|aavadzbedva|srcohimteéubam ate

(102, 4022up%liy ohpeowhe(igl'tll?I nglé chip CltSH(S (I Frgr%ba teader i is demodulated, clock
is extracted from the incoming carrier, power-on-reset signal is generated to reset the
digital baseband, clock for the ADC block 1514 is generated to convert analog sensor
information to digital in 10-bit ADC and this data is processed in digital baseband and fed

15 to the load modulator block 1510 to backscatter the unmodulated carrier from the external
device. Measured timing diagrams are shown in Figure 17. The measured ASIC chip

1500 performance is summarized in Table I.

Table 1: Measured Performance Summary of ASIC chip

Parameter Measured Result
Carrier frequency 13.56MHz
Modulation and Demodulation ASK (programmable modulation depth
(Both External and lmplant from 10% to 90% in steps of 10%)
Devices)
Communication Protocol Modified and simplified from ISO
14443 RFID standard
Rectifier efficiency 66%
Power management block Efficiency : 56%;
Power consumption: 12.84W
ADC Resolution: 10 bits

ENOB: 8.6bits @ 5kHz input
7.4bits @ 25kHz input

INL/DNL: +1.5LSB / +0.6LSB

Total power consumption 21.6uW

(RF front-end: 5uW; ADC: 0.4uW;

Sensor interface: 1.4uW,

Power management: 12.8uW;

Digital core: 2uW)

20 - [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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operates at | ow power |evels of around <10uW Experinental data

251001581Si nmul ati on of an inpl antabl e device according to an enbodi nent

havi ng diwerneiigms246f 500um x 500 urn, was perforned und®CTIS&2919400368 ui di c
(bl ood) flow conditions inside a prosthetic vascular graft shown in Figures
18A to 18D for conducting experinments for detecting fluid velocity between
10 to 60cnfs. 1001591In the experinent, a prosthetic graft was fused at
each opposing end to a 30respective blood vessel, as shown in Figure 18A

Fi gure 18 o tion he n one end of th rosthetic graft
1804 and ? WEQ‘%}Q%?)% %\?}ggeslgpeerﬁlgﬂ’zgn %?téé,\r{?%}lﬁ VA R "H%c\%)rgjggﬁﬁatg the lXenuRn ot
| east 6 cmagwhy dorpasddhef sthar follp@irgt ntdterfulkaahd N/ Sthe PR FespSitivecon

nanowires (SINW were used as the sensing elenents of the inplantable
devi ce. TR¥F*EEIY had a gauge factor around 600, a length of 80um a width

of Sum ango48§) abl eThOingfdifAE délRcd RaylBLihdd bIBI @ADL RIS gRgSeCt i on of

the prosthetic vascular graft where the inplantable device rs-located and
t hat ashelMA pr osTheesdnsorpareangemens (Lde d04)Amep bdifornet @f phly sikkeul sisglet he

bl ood flo fer k. [ n.th | ] reqthe inmpl ant ab devi ce was
pl aced angfy? %{egg‘?oglggl?lg%}:éﬂggg Bgl?r%(% Efﬁﬁ\é}@%@ag\é\?ee fs%tlll9 &Vg}%%ef’sﬁoqshégf’%f‘ant abl e
devi ce. Thémbekd:imin aithaf bifade ofa0dmnm Pert dimehdiomi Derbtbrl feconpiadivee was

| ocat ed exa tl%le ere the strain is high. The strain changed the resistance

h. T
of the nafWCRBC IQIFEAREPT faégt ﬂﬂngl‘b"ekﬁ?“st‘géthﬁéis'éor smanegmsnt (184.@84bf f er ed

for vari oussehdeomnid @b@abingSeRfcit) bAltoSR O VRN £3]2die DD/ Indh Gy e 18G
From Fi gures 18E and 18F, it was noted that when the fluid velocity

i ncr ed& edreselation ndihe sansefs (194, $6hHsway ialserbeafoened v6 @B NegPnesipge icnystll  was

per formed fabr i ¢ . sor, shown in Figure 19A, to check the
functi onafl??%/legl?l@%gﬁgéeﬁggr or the drag force. Air was blown at 15

di f f er ent [0p@5@ci t i €Bhe attleaseome mandtivieeleatend €f06r M€]) 166.51380906) 408) magbee 19B)
in the digection of.the air flow. It s found that current in the nanow re
changed V\f‘ﬁ’?e‘iﬂgﬁe(jﬂ’epamﬁﬁé‘ala?r?vwé'}goﬂck,‘\?f?g‘i HoFR iy 18 ‘Fﬁt‘BPtefeﬂlj“b(ltopehQ?’si ml ar
to that diss;Q98r4061408)6s dfommaal iTHR af R4t dnS istiusGUsaedeRRPYE 108 1B4! £5519C
shows a schematic of the exFe_rj ment conducted. Fromthe experinment, it was
f ound !} hat0%¢d0%) mmebe {pamed pt nisigol orrtiepipmr dde ahlsasi ont nduetiveslement (166 f or ce
due to ai [odqispI] $OUDE 4D BUSTD §idrogRk A& |

lifting LR i igz? géggafc,}? ‘*’3??8?’55%2?" tés*ﬂ%‘feﬁﬁ‘é‘hg%ﬁg&ﬁ[ﬁ?‘g‘%%@ﬂse was
pl ott ed apeiveshoddathtrafsfeu@d3 $6MHZ1001611Fi gure 20A shows the paranetric

varying pIOESAt or's DuroroRetE AP 4l B Ao T RIS o ShiccR on "
insulator. The housing 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 velocity between 10 to 60cm/s.

[00159] 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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25 sensors in a graft having no bl ockage, 25% bl ockage, 50% bl ockage and
75% bl ockage. As an illustrative exanple, Figure 20B shows a stenoses graft
havi ng 50WORbodIsde. 50% bl ockage is a point where surg@CR8GR01AMP036hecki ng
flowrate nore often and change nedi cati on and prepare for surgical
procedures. 1001621Fi gure 21 shows a schematic of an 8-bit

successi ve- approxi mati on ADC 30regi ster (SAR) 2100 with sub-threshold
control logic, able to neet ultra | ow power requirenents of an inplantable

devi ce accggr.din 0 odi_ ts of the present invention. The ADC 2100 was
provi ded i%ﬁ‘élf%lggf %ca%g}) a(‘:q%aquB & ARpY Err?frgmee“ﬂ%\??‘(?éf’ ?ﬂ‘?t%‘%@&”‘é’a ol

| 0gi ¢ bl oSKicdA Qdn®pieesASESWY tweré QsbAths Ghd Yensitlgi didindniCot @Y ShpRitable flevik! t age
2104 operates at around 1.2V. The ADC 2100, fabricated using 0.18um

t echnol ogy he SB¥dc aanetitacter amund 690 pdenath ahtlume wibthoftSymeasdwessebleat a at
around 15%&&@%&(&@69@1% LRURE Ghows GfsE&fhi o j;%&g?ﬁ%gzg\tas l%}rsgrgli’gvgg‘r%?’lvw le

the i nvention has been par(icul arl)(/) shown an W ference to
speci f fc drebogilantabiesdevide is hosaled abe thana beadthyquiodthetit lpofewakided edctordinge art

h i h ' d det aj | b de therein wthout
dopart g3 s RS Tt Pod RERg R B Elorsctil e Gally v A insfantAbly Gcene
appended elagprBedTiRl the dpg Pfcetdeford@l MeanbyAle dtfuchiid!m theGhsiah@ble Ryvithe

appended c| ali and al] changes which conme within the neaning and range of
equi val encﬂze 6&3%10& offered chapes mdhesteinand the parayirowpelogsied exeedy whaeal Vs 1.

An i npl anfiphlginde widhe The Etrﬂﬁtcﬁﬁigiea%vxt%gigﬁmeoﬁ th&nddoWil, Lhay ¥ tcf%tec{ege

i npl ant abl e devi ce conprising: a substrate having an attive el emen .
ar r andenehy the ASIC. Fheduag dercaoffared domvdrions flomwgyedocitias sif bpmdtwasrcotipatedi S

A e e i e A R R = N
ar r angenenglocinhiacreadedf deforacation of el @0 indrdaggdgenent is configured to detect
changes | R)Oqgélor et .iAg‘nexggrir%Qrﬁ \gaesngeggonned on a fabricated sensor, shown in Figure '
19A, to check the functionality of the sensor for the drag force. Air was blown at
15 different velocities, where a cantilever 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 of 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 procedures.
[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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10arrangenent and produce an output in response to the detected changes;
and at | east one inductive elenent nechanically coupled to the

subst r at evanrdios3abect ri cal conmuni cation with the acti PETSGRMBD0363
arrangenment, wherein the inductive elenment is adapted to power the active
el ement arrangenent through inductive coupling to an excitation source, and
wherein the inductive elenent is 15adapted to transmt the output
associated with the detected changes in the sensor. 2. The inplantable

device of .cl aj.m jn the actjve element, arrangenent coppris

appl i cat i 6'?1%5{;5%’(1:ilp?e\(l:\kﬁﬁt%égpé‘fa&?mcvi‘ egdi‘?éeyt.he g@é&?lﬁﬁ“ﬁﬁ%ﬁ&ﬁpmm&ev e of

claim 2, \shg gideohtiel 1aﬁialﬂlmt2ilomo§a@@is bl fFourd EOV AWKk Bb 1Sl dhiffer GBIl S€Ss an

anplifier coupled to the sensor arrangenent. 4. The i_rrgl ant abl e device of
| .

claim 3, #%hetapsratenat apynd cladY onlhepd P 2100, fabsigated axingi 0. 81m tschhelogher
conpri ses ‘ I t e t V, I o, i fer,
25t he analcgtgutﬂ%ac??glint %ﬁ%gt%%°ﬁ§??%C%E%§ %cﬁﬁggt(ﬁ% %u%r%%ﬁ ggs@(gc%ngt ed
with the geidgcededowtioh®effedtivenhmberesfdits. arr angenent into digital data. 5.

The i npl devi |aima4, wherein th i cat i fi
It ogr ot oD BRYEui 1975l ek Pedias PMEOBS B S aBBahat S rondodPated bibne

anal og t orde@hdeatb spedific SdBeTIMErt St skl BdehdeEstdodasttheyeakilRg Uethe Wg tRicement ,
the data nodul ator sending the digital data to the at | east one inductive

el ement f $AHIQUS&A¥ECS ¥} foam angydetad MaydBapardsrbsrrigapithry! dopgse fian terpirit

i mpl ant ab JoC 1 5 mi e Jcatian s il | grated
circuitr yhlfdugt&}r?gr&cg%p@ibggghaasc ocC eﬁuﬂr}'i %Hécg%gﬁiég ?(%fn%yncﬁlr?%rﬁlzd g éfnhglg

oper atlp oninykntidyeis dhmslindicated byt the appeadedyclaimsding iatl @harggas svhivbrome véthirathd t he

data rmdu'm%%x%kg and range of equivalency of the claims are therefore intended to be embraced.
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7. The inplantabl e device of any one of clains 5 or 6, wherein the
application specific integrated circuitry further conprises an energy
managenerwvouniosgaapl ed to the at | east one inductive elPEXSGR010100036dwWer t he
clock unit, the anplifier, the analog to digital data converter and the
data nodul ator. 8. The inplantable device of any one of the preceding
clains, wherein the first portion of the sensor arrangenent is nechanically
coupled to the substrate. 9. The inplantable device of clains 1 to 7,
wherein t{ﬁ% rst portion of the sensor 15arrangenment is nmechanically
coupled t ié“it | east one inductive elenent. 10. The inpl antabl e device
of any one of the preceding clains, wherein the sensor arrangenent is a
nano el ectlr omedaifindatabls dejdeq fas dgtectingrvartasion|ie duidbflew Halei halimptantableur e.
2011. The igapltapsRfisnedevi ce of any one of the preceding clains, wherein the
sensor arrangenent conprises poly silicon or single crystal silicon. 12.
The i npl ant abl e deviaesebsohtedayingap activetdiangnt ecagiengng| ai ns, wherein t he
sensor arrangenent conyri ses a mB)tVE(%Le S cture; at Ieasﬁ one sensi ng

t and
el enent formed on 258F"WF EHFHES Y i pastion gt 1s mechagqal e
devi ce of cl ai and2secoh®p&itibn tH¥E isR3EADdFlebableCihe séhs6PAPInSBentdn EREGiLAIEVEr OF

di aphragm WD 2011/ 053246PCT/ SG2010/ 000363 ' o
communication with the active element arrangement, wherein the active element
arrangement is configured to detect changeé in deformation of the sensor

10 arrangement and produce an output in response to the detected changes; and
at least one inductive element mechanically coupled to the substrate and in
electrical communication with the active element arrangement, wherein the
inductive element is adapted to power the active element arrangement through

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

15 adapted to transmit the output associated with the detected changes in the sensor.

2. The implantable device of claim 1, wherein the active element arrangement

comprises application specific integrated circuitry.

20 3. The implantable device of claim 2, wherein the application specific integrated

circuitry comprises an amplifier coupled to the sensor arrangement.

4.  The implantable device of claim 3, wherein the application specific integrated
circuitry further comprises an analog to digital data converter coupled to the amplifier,
25  the analog to digital data converter converting the output associated with the detected

-changes in the sensor arrangement into digital data.

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
30  converter and the at least one inductive element, the data modulator sending the digital

data to the at least one inductive element for transmission.
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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 followng structures: a
nanow r e, We 2pilgser4esi stor, a capacitor, a piezoel ectri cPCTSHGIOSI36Dr a
resonator. 515. The inpl antabl e device of any one of the preceding clains,
wherein the sensor arrangenent is disposed between the at |east one

i nductive element and a further element fornmed of resilient material
provi di ng anchorage when defornmed. 16. The inpl antabl e device of any one
of the preceding clains, wherein the sensor 10arrangenment is adapted to
measure variation in blood flowrate. 17. The inplantabl e device of any

one of thg pr e¢Rdi APl afiable! vicwa%jiﬂl 5 NG heteid ﬂ%sz;p\ﬂﬂ%ioirxr%gﬁm \{t?tegnjaﬁﬁent s

formed of resilient material providing anchorage en the I nductrve el enent
i s def or meulcuitty furtiEr chmpriseplhacieabhet dewpled tofsyachyorosee thef ofensiopr efcehdi ng
clainms, wheregin the at |east one inductive elenent is a coil. 19. The

i npl ant abf‘é’p@%?/rt %‘8 aﬁﬁo%l&ﬁ/gigﬁ@%(g? CRETSF 8‘?:{ F dgamodulilor wherein the at | east
20o0ne pnductive elenment is formed of nitinol or titanium 20. The

i npl antabl e devi ce of any one of the preceding clains, wherein the
Substrate’is fSherUmPlantaie devicel Sl Bhe S Klaih Soff Pn¥heainothe spgbigarian

: %: 22: :Elgpgecgﬁ\ﬁhfégratéarciféﬁft%hﬂg c\6ﬂ{piri§ési eﬂlned.el:gyf Alhﬂage&kxﬂvﬁn’l’tactoﬁplea Rthe

at least one inductive element, to power the clock unit, the amplifier, the analog to digital
data converter and the data modulator.

10
8 “The implantable device of any one of the preceding claims, wherein the first

portion of the sensor arrangement is mechanically coupled to the substrate.

9. The implantable device of claims 1 to 7, wherein the first portion of the sensor

15  arrangement is mechanically coupled to the at least one inductive element.

10.  The implantable device of any one of the preceding claims, wherein the sensor

arrangement is a nano electromechanical structure or a micro electromechanical structure.

20 11. The implantable device of any one of the preceding claims, wherein the sensor

arrangement comprises poly silicon or single crystal silicon.
12.  The implantable device of any one of the preceding claims, wherein the sensor
arrangement comprises a movable structure; and at least one sensing element formed on

25  or within the movable structure.

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

cantilever or diaphragm.
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device conprising: a first sensor configured to detect a first pressure;

a second sensor di sposed downstreamof the first sensor and configured to
det ect a Wocondspressure; 30a housing structure havi ng ROTECGRINWAES6E MENT
arrangenent, both the first sensor and the second sensor being in

el ectrical communication with the active elenent arrangenent, wherein the
active elenment arrangenent is configured to obtain the first pressure, the
second pressure and produce an output containing information on the

di fference between the first pressure and the second pressure; and 5at

| east onel#énduthé wepkhabiendevicectfaclaize 1Y ot oldplvadrdin thdrat hastsomegsembingct ur e
and in electrical comuni cation \tli%g‘gﬁt he active el enent arrangenent,

wherei n t REMENFOMATGES Uieetfangre of PEGRESBUHBRET2 FANAWAEL 3 DISZUPLHY N A

ar r angenepdpatifdroagiezd dhebusd irtBdeRESY 4 Rora®ran excitation source, and wherein
the inductive el ement is adapted to transmt the output fromthe active

el enent arrangenent. 10 22. The inplantable device of claim2l, wherein
the activecele J ri i i on.. spegific.integrated
cirout 1y > 25 R mARRERRIERL oF JDohE ST aRERet el AL Rl e BB et on
speci fi c aminggmantas dispeied baivteaey tleoamicass@s iadiweins elemient ahdf afaethaailghad t o t he
first sensor or.the second sensar. 4. The i tl@ant bl e device of claim 23,
wher ei n t HEM§ Bf'ieééf?tdﬂat%‘ﬂc?ﬂ‘?‘@%ﬁ‘f%‘ﬁ?a&f’é" CEHF M€ty further conprises an
analog to digital data converter coupled to the sensor interface, the

analog to digital data converter converting the output fromthe sensor
16. ~ The implantable device of any one of the preceding claims, wherein the sensor

10  arrangement is adapted to measure variation in blood flow rate.

17. The implantable device of any one of the preceding claims, wherein the at least
one inductive element is formed of resilient material providing anchorage when the
inductive element is deformed.

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 a housing structure having an active element arrangement, both the first

sensor and the second sensor being in electrical communication with the active
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20i nterface. 25. The inplantable device of claim24, wherein the
application specific integrated circuitry further conprises a data

nodul at orwocopless4bo t he anal og to digital data convert @CT&Gdo0Ne038s | east
one inductive elenent, the data nodul ator sending the digital 25data to the
at | east one inductive elenent for transm ssion. 26. The inplantable
device of claim25, wherein the application specific integrated circuitry
further conprises a clock unit coupled to synchronize the operation of the
sensor interface, the analog to digital data converter and the data

modul ator. 30 -eld¥e@Odridn@bd2ut6 RGEHGEAHE1 0O @RBmTen? Arrdhigemenp isnedndigheddevi ce of
claim 26, wherejn, F]tge plication specjfic integrated circuitry further
conprises a pof@pin ﬁé‘ggrﬂﬁﬁsuﬁniﬂle GO BEESTUEE ARE PERAUPG AR PUBHE CPRRDEEGI ve

el ement, to POosmiati6n 6h WK diffRidnce ba®eaMel firkEfresshRen@Ngd %oﬁ@pn@gﬂliré;al _data
converter and the data nodulator. 5 28. The inplantable device of clains

21 to 27, wher@&idh the first sensor and/or the second sensor is mechanically

coupl ed to the housj.n t t. - e_jnpl.ant abl e .devi c f clains 21
to 27,9wher ein the %ti ir%g?t égeﬁslgéu%gﬁ%lzegérm%hemacgg@%hd “§e r%gortoi @e SCRARi cal | y
coupl ed to thestaictureasd iwrkciritducdmmeniedtibiewith the3fctivEredemdiplaaratigdhleat, devi ce
of clainms 21 to, 29, tggerei n the first sensor and(lor the second sensor is a

mcro el ect r on®RFISIN thSInduetFElgIRent &y adaptad Py L the artNe RSHICRLATASESMEY ur e.

through inductive coupling to an excitation source, and wherein the inductive
'ielement is adapted to transmit the output from the active element arrangement.
10
22.. The implantable device of claim 21, wherein the active element arrangement

comprises application specific integrated circuitry.

23.  The implantable device of claim 22, wherein the application specific integrated

15  circuitry comprises a sensor interface coupled to the first sensor or the second sensor.

24.  The implantable device of claim 23, wherein the application specific integrated
circuitry further comprises an analog to digital data converter coupled to the sensor
interface, the analog to digital data converter converting the output from the sensor

20 interface.

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

25  data to the at least one inductive element for transmission.

26.  The implantable device of claim 25, wherein the application specific integrated
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.

30
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15 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.
32. The iwplantwbl4e device of clains 21 to 31, wherein POE/SGROWI0GEEASOr
and/ or the 20second sensor conprises one or nore of the follow ng
structures: a nanowire, a piezoresistor, a capacitor, a piezoelectric
sensor or a resonator. 33. The inplantable device of clains 21 to 32,
wherein the first sensor and the second sensor are di sposed between the at
| east one inductive elenent and a further element 25fornmed of resilient
mat eri al B7ovi a[hmgnalncdabhemicm/mérclaimflﬁr, vdetrein Bk aﬁﬁhieatiqmdpaciﬁabhtegrdedi ce of
clainms 21 tq. | east one i duc enent is. forned
resilient clr‘}%utltg Fuﬁ\mf)?od{}? réi;eﬁ@ngE HOPREEM G Cﬂgﬂf‘%g{,@? Al/gass pReinfpctve

def or med. eRfhentyMd BO:dr B0 ILtR Rinit BN ARE dnalédto digRall dil eonbvaldrandevi ce
of claims 21 to 34, wherein the at | east one inductive element is a coil.

36. The |H1?Idémra?ﬂ‘éatﬂ'ew ce of clains 21 to 35, wherein the at |east one

i nductive 5Selenent is fornmed of nitinol or titanium 37. The inplantable

device of clains 21 to 36, wherein the housing structure is forned of bulk

silicon, 28lic®he onpldatable q;mcymérdalm@% ta e sdereimahe figgt aensonemelérothesur f ace
ne. of the preceding clains is

to which the ant a a
secur ed tﬁerc8ﬁ%?r1re%5?ra{§frﬁ aé‘hcﬁ lé@ d‘83‘¥<‘t lﬁoélsg'ﬁ Sfrgﬁtgfepone i nductive el enent of
t he i npl ant device.

29.  The implantable device of claims 21 to 27, wherein the first sensor and/or the

10  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 is a micro electromechanical structure or a nano electromechanical |
structure.

15
31. The implantable device of claims 21 to 30, wherein the first sensor and/or the

second sensor comprises poly silicon or single crystal silicon.

32. The implantable device of claims 21 to 31, wherein the first sensor and/or the
20 second sensor comprises one or more of the following structures: a nanowire, a

piezoresistor, a capacitor, a piezoelectric sensor or a resonator.

33.  The implantable device of claims 21 to 32, wherein the first sensor and the second
sensor are disposed between the at least one inductive element and a further element

25  formed of resilient material providing anchorage when deformed.

34.  The implantable device of claims 21 to 33, wherein the at least one inductive
element is formed of resilient material providing anchorage when the inductive element is
deformed.

30
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39. A vessel having an interior surface to which the inplantable device of
any one of 15the preceding clains is enbedded. 40. The vessel of clains 38
or 39, whepeln/askecvessel conprises a prosthethic graft PCT/SG20104080363 net hod
of placing an inplantable device into the interior of a vessel, the 20

met hod conpri si ng providing a guide rod with the inplantable device
of any one of the preceding clains nounted; inserting the guide rod into
the interior of a vessel; and reIeaS|ng the at |east one

i nducti vess! engpg uﬁf)laﬁl}agle'd@tc@rﬁfaaélﬁ'nsdﬁvfocﬁ tPhail S a?-gc%‘stnoc‘xjie fnBcdvat eri or
of the vessel so that the |nplantable devicé is secured he 1 nterior of

t he vesseklement is a coil.

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

5 element is formed of nitinol or titanium.

37.  The implantable device of claims 21 to 36, wherein the housing structure is

formed of bulk silicon, silicon oxide or polymer.

10 38. . A vessel having an interior surface to which the implantable device of any one of
the preceding claims is secured through biasing engagement by the at least one inductive

element of the implant device.

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

15 the preceding claims is embedded.
40.  The vessel of claims 38 or 39, wherein the vessel comprises a prosthethic graft.

41. A method of placing an implantable device into the interior of a vessel, the
20  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
25 bias against the interior of the vessel so that the implantable device is secured to

the interior of the vessel.
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