1 9 0 E C 2003 PROTECTI VE COATI NG FOR BODI LY SENSOR RELATED APPLI CATI ON

| NFORMATI ON This application is a continuation-in-part of United States

Pat ent Application 5 No. 09/004, 420. FIELD OF THE | NVENTI ON The pr¢gqn@2m3
invention relates generally to a nethod and device for fixation of a

sensor in a bodily lunmen and for protection of the sensor during insertion
into a bodily lunen. BACKGROUND OF THE | NVENTI ON 10 Sensors for the
nonitoring and/ or recordation of various human physical, chem cal and/or
physi ol ogi cal paraneters are known in the art. U S. Patent No. 4,495, 813

describes a sensor thatpgBYEPFIPECHAFNG FORBOBNLLSENSOR speci fic |ocation
within the human body in an inplantable nmedical device such as a

pacemaker. This sensor is used to nonitor certain physical and/or

physi ol ogi cal paraneters of t suhi ' [ it been 15 i npl ant ed.
Thi s sensor can be naintépﬂéﬂ¥§ﬂ‘ﬁﬁgﬁgéﬂ?gemﬁ#gﬂquggﬁﬁkd periods of time
to continuously nonitor information about the subject. A severe |imtation
to the sensor descr i Brislapphicatios.is Peansntatingin-prrugd/ngedSiates Paent ARPHFatO8 nunber
of possible locations in which it can be inplanted due to the requirenent
that & he Nan8WO04x20l ocated in a nedical device such as a pacenaker and the
difficulty of fixation 20 independently. This limtation on the |ocation

and fixation of the sensor | i IRIEEDUDE TEREINVENRFION of t he sensor for
inter-lunmen applications. Sensors used to nonitor parameters wthin |unmens

i nclude sensors mad %QEreséH‘r‘ EedtnRe BRIEN&ARY 1A thed Sd k6B Bor BRARNIIF¥E t O
mechani cal pressure. As aresult thereis &

sensor in a bodily lumen and for protection of the sensor during insertion into a bodily lumen.
BACKGROUND OF THE INVENTION

10 Sensors for the monitoring and/or recordation of various human physical,
chemical and/or physiological parameters are known in the art. U.S. Patent No. 4,485,813
describes a sensor that may be permanently implanted in a specific location within the human
body in an implantable medical device such as a pacemaker. This sensor is used to monitor
certain physical and/or physiological parameters of the subject in which it has been

15 implanted. This sensor can be maintained in the subject for extended periods of time to
continuously monitor information about the subject.

A severe limitation to the sensor described in U.S. Patent No. 4,485.813 is the
limited number of possible locations in which it can be implanted due to the requirement that
the sensor be located in a medical device such as a pacemaker and the difficulty of fixation

20 independently. This limitation on the location and fixation of the sensor limits the usefulness
of the sensor for inter-lumen applications.

Sensors used to monitor parameters within lumens include sensors made of

very thin membranes that are highly sensitive to mechantcal pressure. As a result there is a



1 9 DEC 2003 great risk of the sensor being damaged during insertion,

depl oynent and/or positioning. Danmage to the sensor could result in poor
performance or non-operability of the sensor. For exanple, should ti 3
menbrane of a sensor break during insertion, the sensor would be ﬁé@@%
i noperable. Due to the risks associated with the procedures for the
insertion of 5 sensors, there would be great c Hs and rjsks .i.nvol ved

shoul d a segremriskefl thasmepsdeiag damaged ﬂB?'éﬁf“EFﬁ‘l"?%geﬁ qyEsnt ASYPT PRRILQINE her e i s

al so a need for a device and nethod of protecting sensors during insertion
and fixati opamdgero te ednsoesidiresultiimpdan geriamaiese nomoperakalityfof g ssaser-clo,

anot her concern is the erosion that the pressure-sensitive nmenbrane

under goes vhen,jet sh'gg[?lgit}?%?—\%rﬁ‘:% df1d sehsBAble A&Muring thsaidn aXPensst waald & pr ol onged

peri od of ti rre to 1ds and other naturally occurring agents inside

the patient LLas %lﬁb&:r I Iuegch L %\s{l?s 0c1aYed§%%1 Lbé \é@e%upés?&q}{gfnggn&h?t{ a

sensor JHWW 1gPg 0es ‘ot ex satls actory degree of

bi o-conpatibility with the naturally occyrr odi | i ds and agents it
encount er s SARers. thags vemu e grend corts and sisky '@H‘ﬂ"edj Sﬁ\g't'lgra 555’ 5@%unt of

time, these fluids and agents slowy begin dissolving the sensor. 15

degr adi ng  tdesroxed duringyinssftionh&hesa tharess alduie eedifor a deaics and Bethod RiiProlsauRgy

after a period of a few nonths, dissolving the thin nmenbrane and ot her |
parts of tkeseedanig mmmﬁlmatidﬂlat is therefore needed is a |
bi o-conpati bl e protective coating for the sensor that resists the corrosive

effect of the human hpdychSemotsUndlubivg @tembdhngtd o §lfconByndthaniconiczinig t he
erosion of the sensor nenbrane, such a protective coating would not only

extend theyugg %}6!:1 thalt &e ﬁéss&beengmée,@wm htfRrgoeivhasit Waktpfin@ldSoa pRicat ai n
the accuracy o he dat'a produced the sensor while it is inplanted

I nsi qS the ae%c%@!i for:li p?olngﬁgd BQ'PO% 0?“%%(9? alids aﬁ’BE&ENEudrNY)EMhQNg

agents inside the patient. Contrary to the prevalent view, it was discovered that a sensor

machined from silicon does not exhibit a satisfactory degree of bio-compatibility with the
naturally occurring bodily fluids and agents it encounters when implanted inside a patient.
After a certain amount of time. these fiuids and agents slowly begin dissolving the sensor,

15 degrading the accuracy of the data produced by the sensor, and indeed, afier a period of a few
months, dissolving the thin membrane and other parts of the sensor completely. What is
therefore needed is a bio-compatible protective coating for the sensor that resists the corrosive
effect of the human body's naturally occurring fluids. By minimizing the erosion of the
sensor membrane, such a protective coating would not only extend the useful life of the

20 sensor, the coating would also maintain the accuracy of the data produced by the sensor while

it is implanted inside the patient.

r



It is, therefore, an object of the present invention to provide a nethod
and device for fixation of a sensor in a bodily |unmen. Through the Qlf
such a nmethod and 5 device, renotely interrogated sensors nay be fiigﬁﬁt 003
within bodily lunmens. Such sensors may be used to record and/or nonitor
paranmeters such as, for exanple, physiological paraneters. e.g., pressure
and velocity of flow, and biochem cal paraneters, e.g., |evel of gases and
bi ochem cal substances in the fluid contained in the |unmen. The nonitoring

of conditions in |unens | i ntervention and/ or
intrusion and the frequéﬁwgﬁﬁ&ﬁhﬁ@gﬁﬁg%ﬁgEﬁﬁ@?‘ed by the relative
risk of the required intervention. The present invention, therefore.

provi des a sensor ddvisctberefard, amobiegy obée Prestna Hvertion & E"ﬁé‘gci‘&?ﬁ@gzﬂ“#ly or
permanently, in a lunmen and interrogated from an exterior position, for
exanmpl e, th&iceusd @etionbf 4 fasdatybodiy hamn. tThreghvihelsan! sache phtred aud
intrusion. 15 The present invention provides a nethod and device for the

fi xatison Ofe,flCRmARNRRIDgAY SREF! hbCbelBed vaGin KRy luaitas aSudh @ensprsefagr r ed
positions in the l'unen. Stch fixation of the sensors may be achi eved at

the tinme of an Drl_eq)w'g %neﬁor%g&gf%ﬂggrgg%ﬁgg

i
used t i
cat heteri zation. E:UI' er nor e, e sensor nmy e con

device, e.g., the stitches af a bypass. an aneurismal,repair jce, a
stent. et @& RIFSSHRGART oW °?§6wi ?é%b%ﬁerﬂlggipgﬁafné{ ™ f'%a{ci"%r? %S\??%ﬁd. A sensor
may be fixed inside a |unmen by any nunber of neans, including directly
attaching bgq«;éelgggﬁlssghstqtqqesplpa@é{mq epntained i s IUBRR- i ncl udi ng hol es in the
sensor, e.g., around its periphery, and attaching the sensor to the
stitches of a bypasEheduetitegng ofrqpadijionsin hgneps gy dictates suy v @figh t he use of
a surgical adhesive. A sensor may al so be positioned inside a | unmen using
10 intervention and/or intrusion and the frequency of such monitoring is limited by the relative

&%x%ple,kﬁgﬁﬂgﬁgﬂ HatakhelYs.

Cted"to the repair

risk of the required intervention. The present invention, therefore, provides a sensor device
which may be implanted, either temporarily or permanently, in a lumen and interrogated from
an exterior position, for example, the surface of the body, at any time without any physical
intrusion.

15 The present invention provides a method and device for the fixation of such
sensors in specific desired locations and/or preferred positions in the lumen. Such fixation of
the sensors may be achieved at the time of any required surgical intervention or
independently by catheterization. Furthermore, the sensor may be connected to the repair
device, e.g., the stitches of a bypass. an aneurismal repair device. a stent. etc., or mounted on

20 its own dedicated fixation device.

A sensor may be fixed inside a lumen by any number of means, including
directly attaching the sensor in place. for example, by including holes in the sensor, e.g.,

around its periphery, and attaching the sensor to the stitches of a bypass during surgery, or



a carrier or support (of any shape and size) which may be part of, or
coupled to a repair device, e.g., a stcnt or aneurisnmal correctioni@dM¥CQel]
whi ch hol ds the sensor in place adjacent to or near the repair device.
Additionally, a sensor nmay be positioned inside a |unen using a 5 dedicated
device, e.g., an anchoring ring, which is held within a lunmen and fixed in
pl ace, for I i W : Ao i .

devi ce may tgg)ﬁglggﬁ?‘sef or' %%pn%hg?“’m’%%“s‘?rﬁ i*'bgsfr?%ife %{eulé':rgggh e{'}dé aﬂ%ﬁkﬁ?&d
corrective device is enployed at the desired |ocation. The anchoring ring
does not | neEHA T FPPHALRS ApsaEe ESZal Shch ey BT ObeoRgs o H6hd be oval
or any other shape best suited for the |ocation where placed. Additionally,
the 10 anchiricag. g . arentrayansansnahcagrptamadesice athichdpolds thesenspomtplace adigtadt t he
sensor. The carrier or support nmay be any shape or size, including, for
exanmpl e, Ci 6LheAF the $€pARTdRvics. eLddnablln sensdi MBPbepsiiapeinsilié HiRaTenWsig aor

W t hout a bent or curved end. etc, and it nmay be constructed as only a

bor der 5or 342, SPldyikePi BC& SndPRk Sk Abhicks HdldSAHSSEAnkE LAMixd G pRRERSY | Ng
ring may be expandabl e”by a bal Foon catheter, or some other method, such

as self expansion. 15 Milti.ple sensors my .b ttached to a carrier or
Carriers.  FRPS by sRunsitngliB aaBE RO 0B ATE Rl Be L OF 2 ,
stent. or two sensors attached at both connecti.ons of, a, bypass. section. |
e.g., one § wben fikghions Rearisely b MRFORARE EYES S emBloyes 3F $REeht ¢ he

outside of the sleeve to nonitor for a possible | eak around the sleeve.
Addi t i onal legatiog. deparshoripggngdpsenchirecsBrly aap i be crevipcia shape. i aarat ed

devi ces supporting it within a lunmen, either 20 with or without a carrier,
f or exanplisstea wenslor agy piber shagt Hesttsuitsslfot tho laptadroviengpiadgedgadditianagbnger may
be supported by or connected to a carrier, for exanple, by providing a
groove- | i kacldeipp emg ey (Bye Dsepivot: clarikt deguptemrte dsidohy shsor NThdw@ansensOr i nto
which a portion(s) of the carrier may be inserted, or the sensor may be
confi gur edugpéetmiyh@tang shapt oDsie. BCIudRR3for example, circular, square, rectangular.

diamond shaped, [inear with or without a bent or curved end. ete, and it mayv be constructed as |
only a border or as a solid piece of material. As discussed below, the anchoring ring may be
expandable by a balloon catheter. or some other method, such as self expansion.

15 Multiple sensors may be attached to a carrier or carriers. for example. two
sensors with one placed on each side of a stent. or two sensors attached at both connections of
a bypass section. e.g.. one sensor at the entrance (o an aneurismal sleeve and one at the
outside of the sleeve to monitor for a possible leak around the sieeve. Additionally, a sensor
may have multiple repair devices or dedicated devices supporting it within a lumen, either

20 with or without a carrier, for example. a sensor supported between two anchoring rings.

A sensor may be supported by or connected to a carrier, for example. by

providing a groove-like depression(s) or notch-like depression(s) in the sensor into which a

portion(s) of the carrier may be inserted. or the sensor may be configured such that a



portion(s) of the sensor, for exanple, a lip-like extension(s) or
protrusion(s), may extend beyond the dinensions of the carrier to bégDEE 1003
supported thereby. Additionally, the sensor may be attached to the
carrier, for exanple, by welding and/or glueing or any conbinations of the
above. 5 After a sensor is fixed wthin a lumen, for exanple, during an

i Nt ervent i ORortRRQFEHE EnS4ChH: @ﬁf@?@'&ﬁi&;ﬁﬁ@%m%'dngsﬁ otg%lrng;riﬁnt?%i ALY e

coronary bypass surgery, etc., may thereaft ted perirodically
to track an f variety o araneters or tp assess, .the effectiveness of
the pr ocedu%eey%tnﬁg?e \}\Egnsb&/é\spgp’ﬁéwe% eé&@ﬁﬁ?‘gt,hcrf’ﬁk é%drﬁ%'?”}"rév HBSOT FSHi t or ed
peri odi call¥ to assess the long term prog_ress or deterioration of the
corrective Yhagachedp thegagiarfar premgleebswelfling ehdorgiveingampny nenbhatmngdobbase.
Mul ti pl e sensors may be inplanted and may be nonitored individually or

si mul t aneousbayet o derive gradients along a |unen and across a repair device
or section. Such sensors may be fixed in any nunber of positions within a

lumen, 5for exanple, offidp@isbnssi id@Sed Withid 2 1@FOor b BANE dulie BiFAVLLL, O
wi thout a stent. on both sides of a bypass section. and 135 before, after

and around @hcR0RULES [ ' c e filxation device may be
const r uct ed"?lr b(;/ first %?é’%‘%’%ﬁ’g' gcvﬂﬁg?ﬁgré?@%ﬂbﬁrgg’ f%!éér%gé@ﬁséargﬁ'gt ‘fté'rﬁ f or
of .thinp stainless steel

the fixati aYLer bf QL examl e, . from a piec
a T b ! i
sheet net §F )%r Sone o?’ﬁglrorﬁ%n?%"roﬁ'ﬁuy :g_zr@;fmg 2 RESY of PREHDSIRE 8 lojagsesy
bi oabsor balgA e, f’é&t\g% al . . The flat pattern can _be produced through any
suitabl e t SEHEEEE 5§8£Wﬂ£§°°@?‘6ﬁfhﬁgwwrfawdg Of giamplepthe sensorshaseke et al , by
cutting with a very fine |aser, or by any other technique. Once the
mat eri al hGQ BYUEHPTIRdically to agsegithg lang dergprogress or deterimationf ddgesediioe neet . To
create a fixation device froma flat, netal pattern, the flat nmetal is
rol | d@ unt ¢ffect pad g geogresprebrelevaheyppotns ofiz dkdash hol ds t he sensor may be
|l ocated along the circunference of the 5
Multiple sensors may be implanted and may be monitored individually or

stmultaneously to derive gradients ajong a lumen and across a repair device or section. Such

sensors may be fixed in any number of positions within a lumen. for example. on both sides

of a lesion treated by PTCA with or without a stent, on both sides of a bypass section. and
15 before. after and around an aneurismal repair device. etc.

The fixation device may be constructed by first creating a flat version of the

desired pattern for the fixation device, for example, from a piece of thin stainless steel sheet

metal or some other material. e.g.. any metal. non-metallic or bioabsorbable material. The

flat pattern can be produced through any suitable technique, such as etching the design into
20 the sheet metal, by cutting with a very fine laser. or by any other technique.

Once the material has been cut, it is deformed so as to cause its edges to meet.

To create a fixation device from a fiat. metal pattern. the flat metal is rolled until the edges

mect. The portion which holds the sensor may be located along the circumference of the



19 o E C 2003 fixation device, may extend perpendicular to the 19PEE2003
cross-section of the ring forned or may extend in sone other manner Trom

the ring formed by the fixation device. The |ocations where edges neet are
joined together, such as by spot welding. Afterwards, the fixation device
is polished, either nmechanically or electrochemcally. As shown inthe

figures, théixtidndeaice,dihydRiehs BerfBibicalabQ thecrbRIsERMn of B ridy FFRIe8 or RYy €t chi ng
fromtubing, building fromwires (e.g., as a cylinder), etc. The present

invention i Q Al r Vi rotective er. applied

to a surfacgmt %‘93@"#".& 8@&@%@3&@@%} aﬂt;}ﬁ'rc hgggl\%}gﬁ‘fméén eeﬁlrcﬁ'dg%qa%’ﬁ%l}or%_rd

exanpl e, of the .sensor nenbrane, by agents present in the bo | ui

(e. gP , bl oo er&ﬁﬁseaf“qﬂrﬁf?W@Cﬁiﬂ?&eﬂﬁraﬁ@%@ ot Bfldinge Afisayardssiherixaéair adat i on

could inpair the operation of the sensor or render it inoperative.

According t éevideds prlishwintitienmectahioal]y arieiecprabereicsliy eAd shyen i the figates tan i nert,
bi o- conpatible naterial applied to the sensor, wherein the layer is
preferdbly fikition demicef maynal st fmfnheaxfobbmmugac}ﬁ@%ﬁgmnmingt, BuildhERbRREred t h

the sensitivity of the sensor. Exanples of suitable materials include

silicone rubhkenrsaAfdi@.eOr @ pol yxylyl ene polymer naterial such as. for 15

exanpl e, Paryl’ene C. In the case of silicone rubber and Tefl on ﬁerw ng asb

th rotective |aye ive layer, may_ be applied to.the sensor by

a gp{)n-coati ng ope?/aﬁeoﬁnrpﬁf'ﬁﬁ?%ggﬁ 2:55,38 dbr?&fdﬁ%a)é%']s%}ﬁ&gé‘r?émﬁ%ivﬁrl@?r mat gri al

: . . ite

ont o the sHHBAREhERA IS0 AT era it roever seiBlen depveriion also
rovides for a device and nethod for additional or 20 alternative |

F enporary protrdesmsanepy YERS Brser it 1hh Bodyilédt (eigobloop handfat én the divingdissiey e

sensors during insertion and renove the risk of damage to or destruction

of séfsor sofdl Pady: Such degzdptiansauldrimpaisihe ppmiting of thesedur @, resiengor s may be

coated with an additional or alternative tenporary protective |ayer (e.g..

bi oconpat i ibpreativehActerdisg wohapreeni invamionauepusctdellayer mbludana inert, bio-

compatible material applied to the sensor, wherein the layer is preferably thin, uniform and
flexible enough so as not to interfere with the sensitivity of the sensor. Examples of suitable
maierials include silicone rubber, Teflon. or a polyxylylene polvmer material such as. for
13 example, Parylene C. In the case of silicone rubber and Teflon serving as the protective
layer. the protective layer may be applied to the sensor by a spin-coating operation. In the
case of the polyxylylene polymer material serving as the protective layer, the protective laver
may be deposited onto the sensor by a vapor deposition process.
The present invention also provides for a device and method for additional or
20 alternative temporary protection of sensors during insertion. In order to preserve sensors

during insertion and remove the risk of damage to or destruction of sensors during an

insertion or positioning procedure, sensors may be coated with an additional or alternative

temporary protective layer (e.g., biocompatible). which is soluble in an aqueous solution. and



6 1 9 BE C 2003 which disappears inmediately or soon after depl oynmeni 9@ftC 200]
the sensor in the body. The nmaterial used for, thickness of, and hardness
of the coating may vary, for exanple, depending on the |location of the
sensor, the type of sensor, protection |evel sought, and rate of

di ssolution desired. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present
invention will be understood and appreciated nore fully fromthe follow ng

getalhed d%ﬁféhgps%#p%gr#%g@aﬁfe@ &anhﬁ%glﬂ Héb'ibg lehfbrithEse iR IM HOBodyd THRI ch: Fi g.

1A is a drawn I'xat1 o evic or a sensor according to a 10

preferred enbodi nent of. the present, invention; Fig. 1 is an il]lustration
b “a et homateal Frddors ARsEs G qariogs ob herepgine may vaiyy Ryeferiple, gepdtiing
according to a preferred enbodi nent of the present invention; Figs. 2A and
2B show i | bugterdeiionef the seasos.abotyge o1 seasor.poterdion dvekorght dfdepPt bef ore
expansion and after expansion, respectively, according to a preferred
enbodi nment diedolutibh dediedpr esent i nvention. Figs. 3A and 3B show illustrations
of athird fixation device for a sensor before expansion and after
expangi on, respectively, according to a preferred enbodi ment of the
present invention. Fig. 4 illustrates a second nethod for fixation of a

sensor within a |unen usélg&e}?rﬁggbgfn%%@ﬁgﬂf%[?‘tﬂm“qﬁy;isce shown in Figs. 3A

and 3B, according to a pr ment the present invention. Fig.
5 shows an illustratjon of 2 083K wifbe SIEMI o8 afbrdcidfla G AN PIm b2

following detailed description taken in conjunction with the drawings in which:
Fig. 1A is a drawing of a first fixation device for a sensor according to a

10 preferred embodiment of the present invention;

Fig. 1B is an illustration of a method for fixation of the sensor of Fig. 1A
within a lumen according to a preferred embodiment of the present invention;
Figs. 2A and 2B show illustrations of a second fixation device for a sensor

before expansion and after expansion, respectively, according to a preferred embodiment of

15 the present invention.

Figs. 3A and 3B show illustrations of a third fixation device for a sensor
before expansion and after expansion, respectively, according to a preferred embodiment of

the present invention.

Fig. 4 illustrates a second method for fixation of a sensor within a lumen using

20 the third fixation device shown in Figs. 3A and 3B, according to a preferred embodiment of

the present invention.

Fig. 5 shows an illustration of 2 mask for etching of a flat design of the

fixation device of Figs. 3A and 3B, according to a preferred embodiment of the present




fixation device of Figs. 3A and 3B, according to a preferred enbodi nent of
the present 7 1 9 DEC 2003 invention. Fig. 6 shows an illustration dfSAEC 2003
mask for etching of a flat design of the fixation device of Figs. 2A and
2B, according to a preferred enbodi nrent of the present invention. 5 Figs.

7 shows a fourth fixation device for a sensor before expansion, according
to a preferfegignbodi ment of the present invention. Fig. 8 shows an
illustration of the flxatlon deV|ce of Fig. 7 in flat form according to a

preferred embodi ment Of atuoh QY?H%%%retﬁhﬁofa%t@é} n ¢ gRhow an

enl arged side view of' s sec Ion o sens ort fron1F|g
3A along the |line forned betmeen poi cordl

di fferent &npingidexise sf bigs. tzﬁ‘eaﬂﬁrz@s@ﬁ?rqi“ﬁ\%ﬁ?‘ie e‘?ﬁPS"d“Perﬁ)ﬁ 86558'5 parti al

side view of a sensor that is provided with a protective |aver according
to the preserbuagnvention. Fig. 108 shows a partial side view of a sensor
that is provided with a 15 protective |layer and a surface adhesion
pronoter |ayer. Fi g.FigHe shdwisfonal fsatian it i fdi aghsombefoprezpasionnagcardmgt hod
that applies a protective layer to a wafer containing individual sensors.

Fig. 11 'lo'é&%&f‘&ﬂ&&én%&n‘rl&ﬁtBﬁﬁl@mes"ed?ﬁﬁrsmm sensor systemthat includes a
passive sensor to which the protective layer of the present invention may

be applied. 20 Fig. ﬁ%@s@éanslﬁsm&{w hAShA A QTr Pl RiPAR oML Sensor

useful in the system

according to a preferred embodiment of the present invention.
Figs. 9A and 9B show an enlarged side view of a cross section of the sensor
10 support from Fig. 3A along the line formed between points a’ and a’ according to two
different embodiments of the present invention.
Fig. 10A shows a partial side view of a sensor that is provided with a
protective layer according to the present invention.
Fig. 10B shows a partial side view of a sensor that is provided with a
15 protective layer and a surface adhesion promoter layer.
Fig. 10C illustrates a flow diagram representing a method that applies a
protective layer to a wafer containing individual sensors.
Fig. 11 illustrates an ultrasonic passive sensor system that includes a passive
sensor 10 which the protective layer of the present invention may be applied.
20 Fig. 12A is a schematic illustration of a passive sensor useful in the system of
Fig. i1.

Fig. 12B is a schematic illustration of the sensor of Fig. 12A in the presence of

pressure.



Fig. 12Bis a schematic illustration of the sensor of Fig. 12A in the
presence of pressure. 8 1 9 0 E C 2003 Fig. 12Cis a schematic i |1 ust t8tBEEA003
of a passive sensor which is sensitive to 5 10 tenperature. Fig. 13Ais a
side view of an alternative passive sensor having two coupled vibrating
beans and a reference beam Fig. 13Bis a top view of the sensor of Fig.

13A. Fig. 14A is a schematic illustration of an alternative tw nenbrane
passive sensor. Fig. FidB2C & aschataivillistratidnl 0f 4 tpeiivieGbnsof whicl) BSShsweS6NSOr

that is sensitive to chem cal conpositions. Fig. 15 is a schematic
illustrati %mpgra@r@assi ve sensor provided with a protective |aver forned

froma pol yxylylene polynmer material. Fig. 16 is a schematic illustration
of a vapor deposition.arrangenent. fo epositing the otective | ayer
Shown (PCFi 0 15 ont Bis A PAcure e Bl e RS S RRSEH PRONPIRL or ence
is now made to Figs. | Aand 1 B, which illustrate a first fixation device

for a sensofibratinp beams pad 2 rfarense beagt fi xati on of a sensor within a |umen,
respectively, according to a preferred enmbodi nent of the present
inventfon. In Fig. |Fig [ihsrdop vewlbhe sensserfFig. IBAhaving two holes 3 inits
periphery for
Fig. 14A is a schematic illustration of an alternative two membrane passive
SENSOr.
Fig. 14B is a schematic illustration of a passive sensor that is sensitive to
chemical compositions.
10 Fig. 15 is a schematic illustration of a passive sensor provided with a
protective layer formed from a polyxylylene polymer material.

Fig. 16 is a schematic illustration of a vapor deposition arrangement for

depositing the protective layer shown in Fig. 15 onto the passive sensor.

15 DETAILED DESCRIPTION
Reference is now made 1o Figs. 1A and 1B, which illustrate a first fixation
device for a sensor and a first method for fixation of a sensor within a lumen, respectively,
according to a preferred embodiment of the present invention.
In Fig. 1A, there is shown a sensor 1 having two holes 3 in its periphery for
20 attachment to sutures within a lumen. In Fig. 1B, there is shown a coronary artery 5 starting
at the Aorta 7 and having an occlusion 9. A bypass 11 is connected between the Aorta at
point 13 and at point 15 beyond the occlusion 9. Sensor ! is placed either at the proximal

ostium 17 or at the proximal part of the bypass 19. Alternatively, sensor 1 may be placed at




20 attachnent to sutures within a lumen. In Fig. 1 B, there is showm §QEC 2003
coronary artery 5 starting at the Aorta 7 and having an occlusion 9. A
bypass 11 is connected between the Aorta at point 13 and at point 15
beyond the occlusion 9. Sensor | is placed either at the proximal ostiurn
17 or at the proximl part of the bypass 19. Alternatively, sensor | my be

pl aced at GhddiQalystuk 2200 3he d1falPas bedoreQBd distad c2hum @B, driaetheldistabparpetet theef or e
the distal ostiurn 23, or at the distal part after the distal ostium 25.

Any nunber pf senso may be, used. and e Ly i

conbi nat i orfi B FHED 2%00’59/ B‘Bgel?etriog?%s%?ma é;e%/sf%?r{d %ggﬁa?gﬁﬁagégilﬁe . The
sensor | is fixed in place using the two holes 3 fo attacgme t to the
sutures. Alcombinatipn/efthe abowepesitngs pr any el pRgn desisd The S5 'h@’feﬁd"surgi cal
adhesive or a surgical staple(s). Referring nowto Figs. 2A and 2B, there
are shown alaeasingtikitwaholen’ Geuftabmefiton the sslers oAlteradtvely, &g senel oRaubdd af t er
expansi on, respectively, according to a preferred enbodinent of the

presend i n\ges idflaceBinkis@gicA/adhisheree aisergiilcupled).st ent 30 in a non- expanded
state with a first sensor 10 support 32 and a second sensor support 34.

Alternatively, the sgpti 3Q00RYFighlauf 28Nih¥re QR&hoR 2 BRLAd fikaidn t¥AcS ENSOr
supports. For exanple, a Third sensor support nay be |ocated opposite the

first sensgr support. 32 |In Fi S 30, f Ivee L& shown in
its expangoer& nggsg{ %?forﬁfﬁ%aﬂg%ﬁ%naaféﬁgﬁép%%gogb%gﬁcgﬁgﬁ,aEc?)(‘)grlEéex;rfgﬁg, by bal | oon
cat het erizar%oo‘_jfa or F$ome ot her procedure, such as, for exanple, self

expansi on. € et g SERESTM WIEATI a | unen. 15 the stent 30 is positioned as

it normally woul d be during any nedi cal procedure in which tent is
used. Prior to expaisFign2A-dhereds shawn a gepidP 1n 3nesrexpppds Sﬁaﬁs‘@aﬁ i 6P he
scent 30 into the Ilunen, a sensor is placed in, placed on or attached to
the 19rst supprrbi2 and@pesand gnsanyippnt 1heh ltegradviy esiat 20 guppsiude 3aly ofhe st ent
30 is then either expanded, or inserted into the |[unen

or more than two sensor supports. For example, a third sensor support may be located

opposite the first sensor support 32. In Fig. 2B, the stent 30 from Fig. 2A is shown in its
expanded state. Expansion may be accomplished. for example, by balloon catheterization or
some other procedure, such as, for example, self expansion. To fix a sensor within a lumen.
15 the stent 30 is positioned as it normalty would be during any medical procedure in which a
stent is used. Prior to expansion, and either prior to or after insertion of the stent 30 into the
lurnen, a sensor is placed in, placed con or attached to the first sensor support 32 and/or the
second sensor support 34. The stent 30 is then either expanded, or inserted into the lumen
and then expanded. The same procedure may be used to fix any number of sensors within a
20 lumen, with the additional step of placing each sensor either in or on, or attaching each sensor
to 1ts corresponding sensor support.
Referring now to Figs. 3A and 3B, there are shown a third fixation device for a

sensor before expansion and after expansion, respectively, according to a preferred



and then expanded. The sane procedure may be used to fix any nunber P§U 003
sensors within a 20 lunmen, with the additional step of placing each sené%;
either in or on, or attaching each sensor to its correspondi ng sensor
support. Referring now to Figs. 3A and 3B, there are shown a third fixation
device for a sensor before expansion and after expansion, respectively,

accordi ng EﬁR&Eﬁéﬁmgk&%ﬂﬁégi&m%kR E C 2003 enbodi nent of the present

i nventi on. ere 1s shown a fixation device 40 in the form of
an anchoring ring ...1n a non-expanded. state gguple a sensor support

42 to
44. The fixation deJr&ig 16, Hes ' LWOWR g lpaipnsevish§l mdns g’&BI"é%‘QPP%ﬂ Nhhi ch
does not revert automatically to itsoriginal shape 5 after bei ng expanded.
The anchor #hdn & nompexfianded smeceuplpd wfa senyok supabit #4. Olie fotatipptdévaed 40spest beons 46
connected one to the other at the m ddle of each of their |ong portions 48

to forma fdred of ¥ maBesbIOm e MMich ddds hod révei BREin8kLallP toiforidinad bieape
elliptical sections 46 at a short portion 49, and perpendicular to a

Crossssect jan b%g %:Et%n@éa.c [’]ﬂg L@;L%oﬁrl £ i plpd Do bpg.irmy lofE11i Pl Gecridflesgs ensor

support 44 1s I'n ape of a di anond, t can be any shape
desired. Additionall 1Q?t re . e iple sensor orts.ati ched to
the anc hor‘foﬂﬂccluidn"é’e!l%&c A re%]ﬁlgtql\gglfx;)??e"icﬁék E’ﬁﬁ(iﬂ?grpf’ ﬁ’é’nf’ flig’piﬁﬁn e 0 ﬁlefrade of
a single sinusoidal ring, with one or nore sensor supports att chgd to the
peaks, si riERSOF UPRBR 44 Hgenessied & onsypf dissbepticalsgrions HhatrRshor RRAUPE AR g. 3B
shows the fixation device 40 of Fig. 3A in an expanded state. To fix a
sensor wi tphipandiculante a crosheecfignfithcoanchimng cmg 49 forrmng heirckilsr plaps. Bie sP%ORori ng
ring 42, is 15 positioned within the lunmen, for exanple, during an
i nt er vent isappoprdd defiumed inalmcshapepda dégnondf toxt caxdampy ehapbyesirall| Additionally,
cat heterization or some other procedure. Prior to expansion. and either
priorg to eerexhiebe mblsiplktsetr wppdrlanhdhdio thhatRoringaing0i2l mierakieell uhen, the
sensor is placed
anchoring ring 42 may be made of a single sinusoidal ring, with one or more sensor supports
attached to the peaks, since it does not serve any support function for the lumen.
Fig. 3B shows the fixation device 40 of Fig. 3A in an expanded state. To fix a v"
sensor within a lumen, the fixation device 40, in the form of an anchoring ring 42, is |
15 positioned within the lumen. for example, during an intervention procedure. and expanded, f
for example, by balloon catheterization or some other procedure. Prior to expansion. and ]
either prior to or after insertion of the fixation device 40 into the lumen, the sensor is placed
in, placed on or attached to the sensor support 44. The fixation device 40 is then either
expanded, or inserted into the lumen and then expanded. The same procedure may be used to
20 fix multiple sensors within a lumen, with the additional step of placing each sensor either in
or on, or attaching each sensor to a corresponding sensor support.

Referring now to Fig. 4, which illustrates a second method for fixation of a

sensor within a lumen using the third fixation device shown in Figs. 3A and 3B. according to

11




in, placed on or attached to the sensor support 44. The fixation device 40
is then either expanded, or inserted into the lunen and then expandfeg. Eﬂ'nm
sanme procedure may be used to 20 fix nmultiple sensors within a | unen, \I&}A

the additional step of placing each sensor either in or on, or attaching
each sensor to a correspondi ng sensor support. Referring nowto Fig. 4,

which ill i xat.i a S 1.t Dl | umen

Usi ng t he S e i @RBaRYe BEp0y oo B el & £if I8°RLothorbaRed, T,

9 0 E C 2003 a preferred_enpodj nent of the present jnvention., As

i | ust r at exFlrAngfighe fprta EWBH&WO%?%SW{}’ is B il 7 hepess 1 HBBr 1 7 and

having an occlusion 9 is fitted wth a bypass 11 which is connected

bet ween t enykotet hetrteeptientorta 3t pund [3angatipeint 1% béyeydihd otdhesiact | Smisarf09.

Sensor 50, which is carried by the sensor support 44 coupled to the

anchor i ng whidhds d&ried by-ihg SensdAupiteh &t BBpled o thé arbetiiringed2 AtFigdHeARhOXI mal

part of the bypass 19, at the distal ostium2l, at the distal part before

the o stalass)ﬁ?ua@a éither & th@prokiltal firSirdhe WPhds 1974 Ble o ofliuit #1, 2OHE Ll 25 Any
S

nunber of = Sensors may be used, and they may be placed in afy conbi nation

of the abgy siilens, or. y_ot her,. posi tion.desired. i nwhj ch an _anchoring

ing can DR haaG he S Bluma oS B sBE R P g Toll Boash Ak PmAther B

bal | oon catheterization. 10 Referring nowto Fig, 5  there is shown an

L1 ust r at feGFPTOMAY BRHSR. dngribeymy fﬁg"aa?d inpny F%Ela%soﬂgﬁmsﬁbqu%qron devi ce

of Figs. 3A and 313, according to a preferred enbodi nent of the present

i nvent i oranyRtheppesitian desired ia athich ap gpchegiahringycaa be used. dbesegprrdl infixgddat i on

device. The flat design is then etched onto a piece of thin sheet nmetal or

sone ot henlacadl lexpepkion nsing ballwbn cafhaerfzhtadn. desi gn i s next cut fromthe sheet

metal using, for exanple. a fine laser. 15 The cut flat design is then

pol ighed and bent Refeerirgg romwric Blgas, thae ischbes in Slagpeon i nisk fbrletetisk &6 show

the locations where the flat design is coupled, for exanple, by welding

after it aiffit 880n.of the fixation device of Figs. 3JA and 3B, according to a preferred embodiment
of the present invention. A mask 52 is created for etching a flat design of a fixation device.
The flat design is then etched onto a piece of thin sheet metal or some other malleable |
material. The flat design is next cut from the sheet metal using, for example. a fine laser.

15 The cut flat design is then polished and bent into a circular (or other) shape. Points 54 and 56 f
show the locations where the flat design is coupled, for example, by welding after it is bent.
The welding creates an anchonng ring. Sensor support 58 is positioned approximately at the
midpoint of the mask 52. but may alternatively be located at any other position. Additionally,
there may be multiple sensor supports, for example, located at both sides of the fixation
20 device design.
Referring now to Fig. 6, there is shown an illustration of a mask for etching of

a flat design of the fixation device of Figs. 2A and 2B, according to a preferred embodiment

of the present invention. A mask 60 is created for etching a flat design of a stent. The flat




The wel di ng creates an anchoring ring. Sensor support 58 is p g %L? ?
approxi mately at the mdpoint of the nmask 52, but nay altern i @

| ocated at any other position. Additionally, there may be nmultiple sensor
supports, for exanple, |located at both sides of the fixation 20 device

desi gn. Referring now to Fig. 6 there is shown an iIIustration of a mask
for etchin n. Lxatl evi ce of

nccor i ng 5o rrelredOThABith e iR shic TRk B B e Mol Rone R e %60 1 s
created for_etching a flat design of a stent The flat 12 1 9 DEC 2003
design is thskdesinaneext ediompthp sleeemen ushEnos pesPlerafias lagr IBreutdiaher
mal | eable material. The flat design is next cut fromthe sheet netal

usi ng, for desigmislieen paliflied and Besiemto Altigulanfor bthat) shape sihd)poupedt foe exaugile, dlied and
bent into a circular (or other) shape and coupled, for exanple, by welding

after it isveRBRY aftePRASENNL, ssaaaﬁrsap&a 6295 mﬁrohednarpeebxaﬁﬁélsmt e helipbinlof ie
m dpoint of the 5 nask 60, but nay alternatively be |ocated at any ot her

Canpl 5. 1 R0 B0, 800he gyl B ity o B B R ERS IR, e iBlES 1

7, there is wn a fourth fixati devi c L2 SENSor bef ore expansi on
Zccordi ng. PUTESRBRETRNS AGaRHR oo B Qgerﬁ THOLAETBh. A fixation
devi ce 70|ntheformof a dual_anchoring rin rises a first ring 72

and a second ring 7&Referong ppvatofin-TetbgrsitEwvam %nh apn devdeefeb? se@Pport 76
positioned between the two rings 72, 74. The fixation device 70 may be
formed of tefgre rrestahsiorh [aecondin o] zepire fomé ot bpdimaen off the presant inventtoondit fixaaibhy t o
its original shape after being expanded. The fixation device 70 is nmade up
of a pl urdalict §JO of the &gini od a Hual Andoringdigcngmsed ofitstréngd2heat atsecond fing 7o
anchoring rings 72, 74. A sensor support 76 is connected to one of the
secti®ns T8a aén-emhdaamdfm Mith@ sedsBPsupgort T8pokhioped ReWEHnakld @o rirgs a2, 74.

cross-section of each of the rings 72, 74 forming a circular plane, and is

The fixation device 70 may be formed of any malleable material which does not revent
automatically to its original shape after being expanded. The fixation device 70 is made up of
a plurality of sections 78 connected one to the other to form two anchoring rings 72, 74. A
sensor support 76 is connected to one of the sections 78 of each anchoring ring 72, 74

15 perpendicular to a cross-section of each of the rings 72, 74 forming a circular plane, and is
positioned between the two rings 72, 74. The sensor support is formed in the shape of a
diamond, but can be any shape desired. Additionally, there may be multiple sensor supports
attached to the fixation device 70. Alternatively, the fixation device 70 may be made of two
single sinusoidal rings, with one or more sensor supports attached to the peaks, since it does

20 not serve any support function for the lumen. The fixation device 70 may altematively be
made of two stents, one on each side of a sensor support. or having multiple sensor supports

attached thereto.

Referring now to Fig. 8. there is shown an illustration of the fixation device of

13



positioned between the two rings 72, 74. The sensor support is formed §8EC 2003
the shape of a dianond, but can be any shape desired. Additionally, there
may be nultiple sensor supports attached to the fixation device 70.
Alternatively, the fixation device 70 may be nmade of two single sinusoidal
rings, with one or nore sensor supports attached to the peaks, since it

does 20 nNOfFig rin GatdBiin, tydpding tof aprefeiraherfitmdindnéof therprsenTingertiorathi ek devi ce

70 may alternatively be nade of two stents, one on each side of a sensor

Support, Otis Baxldyg: Bihibd Phe RERR6T s fHABREICe. Tht AGNRSeH Rl dchcRaholr | NG

now to Fig. ere s nillustration of the fixation device of 13

19 DEC 2903, Fi 7 in flat form accordi : I - i of the
present i nP¥EE 86‘““.“5 e‘ﬁﬁ?kﬁ ghsomeLs I%a(?n:?%%tgnea?c |eng§g£5$&al? H%QEP%&% a
fixation device. The flat design is then etchefgft onto a_ piece of fhin sheet
metal or séreeshertimetal peing, dertsampig: ahnedpser This o Hat dgugn '@Fbeﬁgo\ﬁsg‘i@ 0ty om
the sheet netal using, for exanple, a fine laser. The cut flat design is

t hen pol i skedlaaineildvgortotier) shiage. Podnits §1dndr83( oy potniedd)and 4 pleow theirespectis? and
83, and points 84 and 85 show the respective |ocations where the flat

design i S GREYNEMhefcQke B AEN@ € colpyed i diantpl@ by evelding dfer inérttent. THe  wel di ng
creates two anchoring nings, Sensor support 87 is positioned approxinmtely

at the m dpgiBteQfes WiEad RS nBthes D YensbBXpadrt £7i0 pbditinky appodimeriyed tat  any
ot her position, Additionally, there may be multiple sensor supports, for

exanpl e, lg%%éﬁg%ﬁ.hc %%ﬁ@hxﬂ%ay%tc}naﬁ\ﬁy BAbdd a%gn)ﬁﬁwérggsig&?imniﬁ@ﬁﬁr ring

now to Figs ere’is sho an enl arged side view of a TCross

section of the sensor.support fromFig. 3A al L 0 q_bet ween
points a' BHE ma§%‘? "‘A}é"@%% ris?Ppﬁfl&.fo@%?m fo g? ‘@ge@etggﬁis'gw%r%ewlnntvvo

portions of the periphery of sensor 92, for exanple, by cutting with a
wirel@aw, dsyicefleHtng, by |aser cutting. etc.. and the sensor 92 is

Referring now to Figs. 9A and 9B, there is shown an enlarged side view of a
cross section of the sensor support from Fig. 3A along the line formed between points a’ and
a’. Asshown in Fig. 9A, a groove 90 is formed in two portions of the periphery of sensor 92,
for example, by cutting with a wire saw, by etching, by laser cutting. etc., and the sensor 92 is
15 then inserted into the sensor support 44 such that two portions of the sensor support 44 are
positioned within the groove 90 providing support for the sensor 92. Alternauvely. instead of

the grooves, two notches may be formed in the periphery of the sensor 92 in which the two

portions of the sensor support 44 may be positioned.
As shown in Fig. 9B, sensor 94 is formed with a lip 96 around its upper edge
20 98. Sensor 94 may instead be formed with ane or mare protrusions along its upper edge 98.
Alternatively, the lip or protrusion(s) may be located on the bottom or at any other position
on the sensor. The sensor 94 is coupled to the sensor support 44, for example. by glueing,

welding, soldering, etc., the lip 96 or protrusion(s) to an edge or portion 99 of the sensor

14



15 then inserted into the sensor support 44 such that two portions of t$ﬁ£t2%3
sensor supporl 44 are positioned within the groove 90 providing super

for the sensor 92. Alternatively, instead of the grooves, two notches may

be formed in the periphery of the sensor 92 in which the two portions of

t he sensor support 44 may be positioned. As shown in Fig. 9B. sensor 94 is

fan-ned wi Elﬂ)part.l ARerAf RO tRAchshSHURPCE: 4188 on BR s&Bor Sugp&o44 & sipporiedst ead
be formed with one or nmarc protr-usions along its upper edge 98.

Al ternatively, .t i or _protrusion(s) my be | ocated on the bottom or at
any ot her Egﬁpﬁw@ﬁOngﬂFﬁgﬁggﬁggi_ The sensor 94 is coupled to the sensor

support 44, for exanple, by gl ueing, | di ng, .soldering, etc., .the lip 96
or protrusion(s) to ﬁmgﬁdéhﬁﬁmﬁﬁFPPBH¥G§3BF%FH@*§@ﬁ?6P9TﬁHT“9“ 2003
support. Alternatively, the sensor 94 may be placed on the sensor support
44 and suppaiytiecontibyoushyexposed @ebody flbids teree bispdiandier bripgslissupn Swwhdedy 1 t hat
has been placed at a particular anatomcal l|location inside a body is

cont i BUOUSHYidexasesk fistuddagyintiuds @Rainegaus hhiabgradathe frembrangiofigentérdsue.  Such
body 5 fluids and living tissue may include certain agents that degrade

the menbragg, :%Bde?ﬁlp %%‘[&m{ xi ?Mw@ oF &l ihdparanon SAg. b AR O dtarts | Xebr | Bfattl | Y

i noperative. Fig. ustrates & sensor | that avoids this
degradati aon

avoltdlﬁ E]‘lééj &Iré%e{[d%hj 2 pﬁgﬂﬁa‘}r sjc_ebsqs'\ri]\’givﬁllah Edéﬁ:'d%’%ﬁ?m [23)?25 sp]rg\mled S

provi ded "W P ctrve'Tayer preven agents ent 1n bodily
fluids and/qr tissue fro degradi ng the sensor . Hﬁgran [ 20. . .whi ch may
have a 1 hiEiRREGIEGHYEdeXsD DR Te G0t ABeniTP 8RO B POSI T AP 534 OB
responsi ve to various external environmental jnfluences that roduce
changes i Hegradingibesensprarmprareal?f; whish may saveediirkassned e WOA r 4% Ences
including pressure, flow, tissue thickness, or tenperature. Underneath
menbane $eBor membuane hfymay prokipdesive to ghiiaks gutempl eaviroryogaial afluengREXay| ass. or
include a cavity for a nedium Although
produce changes in its mechanical parameters. such environmental influences including
pressure, flow. tissue thickness. or temperature. Underneath membrane 120. sensor may
inctude a solid material. such as PYREX glass. or include a cavity for a medium. Although
Figs. 10A and 10B show a sensor provided with a sensor membrane 120 on etther side
13 thereof, the present invention is also applicable to sensors containing a sensor membrane 120
on only one side thereof. in which case protective layer [0 would be applied to the side
provided with membrane 120. Protective layer 10 is formed of an inert, bio-compatible
material that remains stable while in contact with bodily fluids and tissue throughout the
~ entire expected operational life of sensor 1. Moreover, the material from which protective
20 tayer 10 is formed is capable of being deposited on the membrane of sensor 1 in the form of a
thin laver that is uniform and flexible enough to avoid interfering with the normal operation

of sensor 1. Suitable materials that may serve as protective layer 10 include. but are not

limited to, silicone rubber (a commercially available example of which 1s MED-1511




Figs. | OA and | OB show a sensor provided with a sensor nmenbrane 120
either side 15 thereof, the present invention is also applicable to %ﬁg%ﬂ@3
contai ning a sensor menbrane 120 on only one side thereof. in which case
protective layer 10 would be applied to the side provided with nenbrane
120. Protective layer 10 is fornmed of an inert, bio-conpatible material

that remai ﬁﬁmﬁ'ﬁc&h}h@byv\mslemmsi@@je)a@numﬁdnvrbﬂdudhyasfpbmmﬂmohm1emue
throughout the entire expected operational life of sensor 1. Mreover, the

material from whi | ng
deposi ted ont %rcmﬁn%nﬁa lgé\lgg% see%tg,éﬂfla?ﬁ?rrr}?i:? ﬁg;s A%?énﬂgrqadggacﬁﬁaﬁﬁl Igilguptgﬁ%t IS
uni formand f) exi ble e hto av interferin he nor operatlon
of sensor P¢ 'JSE‘iO’t“éﬁ o E'ﬂ’f‘gf’lpal%} ¥ aff pq{%ﬁ}crs(g} %E Qarw ‘%d? P %le br

include, but are not limted to, silicone rubber (a connerC|aIIy avallable
exanpl e of which is Fige0q SHustratesa flow d pERTIOE IeRTES B ae eEmplpry retigdifer

Technol ogy), a fluoropol ynmer such as polyietrafl uoroethyiene (a

comesci al dodtimy fnbah vethexampttévediyend cdmposedEELLChheARbie6 0l Teftomufimdiur ed by
E.1. DuPont De Nerriours & Co.), and a pol yxylyl ene pol yner (an exanpl e of
which i s Rapmidenge Grotdtide laberChay Hahel8 tHickhes ofaBolup§000ida Thatset df Ruryie@pesent s
an exenplary method for 5 coating sensor | with a protective layer 10

corrposed rotgétwe(fa?g (L\uﬁpﬁrdlé}[xssz@f lc.%ﬂnechgh vtvm) %od&'t%hﬂ%dnﬁ&n dEQﬁbEH otective
| ayer ave a th ness of about 5000A. The use of Paryl ene C as

protecti V%ﬁlig%elrhefﬁocess ofF ]m%g%g plhea[&gcxgeﬂ@r?gﬁa'l ol g:eé”}%l]a ?@cﬁd' ment

descri bed e app ied 0 vva at are

| at er diced .i er toyield .the ipdivi ) 1. Prot velayer
10 may al 35 BEY @b%lsFrégarstoPtr?fg‘:‘g’éﬁaé’S‘rEbTayaﬁfD% RLEd B0 %&sfﬂh on.
Returning to Fig. | OC. before the materi al for rotectlve I éo i's
appl i%d fising opaREen RNt iz HEC. beeghe matenal rl?fﬁtcfirvaéwcf ’éﬁe 1€ t hat
the protective |ayer 10 adheres securely to the wafer, the wafer may be
pr e- coat eth anvaflr eonthningiiht aensora dhansiin Ardgt G ¢psuss hatile protective layer 10 adheres

securely to the wafer. the wafer may be pre-coated with such surface adhesion promoters as
1H. 1H. 2H. 2H. Perfluorodecyltriethoxysilane. A sensor provided with a protective layer 10

and a surface adhesion promoter layer 20 is shown in Fig. 10B. According to Fig. 10C. the

—
n

material that is to serve as a protective layer 10 deposited in accordance with the steps
illustrated in Fig. 10C, which may correspond to either silicone rubber or Teflon. is initially
diluted to a desired degree according to any suitable dilution operation involving an
appropriate solvent (step 200). The material for protective layer 10 is then applied to the
wafer according to any appropriate spin coating operation during which the wafer is rotated
20 horizontally at a rate of up to 5,000 revolutions per minute (RPM). During this spin coating
operation, the wafer is rotated at the desired rate (step 210) and a solution containing the
material for protective layer 10 is dripped onto a membrane-side of the spinning wafer (step

220). The rate of rotation of the wafer and the viscosity of the solution determines the
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Il H 1 H 2H 2H Perfluorodec yltrietho xys i |ane. A sensor provideg\nﬁfttl@3
a protective layer 10 and a surface adhesion pronoter |ayer 20 is sh i
Fig. | OB. According to Fig. I OC, the 1 i material that is to serve as a
protective | aYer 10 deposited in accordance with the steps ill ustrated in
Fig. I OC, which may correspond to either silicone rubber or Teflon. is
initially thitikhess efitht cesaltidg proteedvedieyar é@ Bocpeditivg laysr Hhgeposited ablsensdi | ut i on
operation involving an appropriate solvent (step 200). The material for

protecti venlA¥fhe 1 thy INER (80RELRY 1§ 950008 withéukh eignificaly Affeging theany
appropriate spin coati'ng operation during which the water is rotated 20

hori zont al |, t rate of up to 5, I Lyt - . During
thi s opi n UEREPHEcRBiEr bR 1 e I P IRG FRBREY) L o
(step 210) and a solution containing the mnmaterjal fqr .protective |ayer 10
i s dri ppedhiskpess gs%%?,a?ﬂe&_cglpﬂge Qﬁpogﬁé OB S50 Ing R ’é’guc(”g% IBE)FC"?]ZH) . The rate
of rotation of the wafer and the viscosity of the solution determnes the
16 1 § DEQ@ro@odnipnivideddydaysf 19.heor example ianenspr bprevidpd with ajayer highavipga
protective | ayer 10 deposited on sensor nenbrane 120 may have a thickness
up to 4, 5QR8kivwise lassithars 5Y0A kiilt antld yravidegrdteangn bgrnst telsomsi wrpabperties of
characteristics, and hence, accuracy, of sensor 1, although a |ayer 10

havi ng a tdtoakinessntd M8 Fluldd & which BR Aer¥bry] Reuldpeagiobwid Afer BR@R&dr hbs W t hout
reducing the level of 5 protection provided by |ayer 10. For exanple, a

sensor | Brevd.Gesl with ik AarkrBY 8F thd BrolR¥ NGy 10,1l GERESRIelg8SS dri@B 2500A still

woul d provide protection against the corrosive properties of” the bodily

agent's ang. i dsed sl NS, BEASALLe NOUIG oS OBARGGor AL BB 4R, val er

has been coate materia e protectiv ayer e waf er

10 iy be"aihinkun s B Sat T B R s il b e 195er 10

deposited thereqgn. |f the materjal for the protective layer 10.is silicone
rubber, tHESONE ARDELHIR Heiattes Wi r'aiavdaf:%éa‘;vﬁa*tpwws?}a? fesulis 'S0l vent

residue is S _ ) ) _
removed and acetic acid is emitted, if the material for the protective layer 10 is Teflon. then

the coated wafer undergoes a thermal cycle that cures the wafer and includes a low
temperature cycle during which any solvent residue is removed followed by a higher
15 temperature cycle.

After the wafer has dried, the wafer is diced in order to vield the individual
sensors 1. If protective layer 10 includes Teflon. the Teflon may first be removed from the
path of the dicing saw so that the Teflon protective layer 10 is not damaged during the dicing
operation. The Teflon may be removed from the path of the dicing saw through any

20 appropriate method. For example, the Teflon may be removed from the dicing path by a
plasma etching operation that is performed through a photoresist mask that exposes oniy the
dicing path pattern. Furthermore, the above-described process may be applied to both sides

of the wafer in order to produce sensors 1 having the protectuve layer 10 applied to multiple
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renoved and acetic acid is emtted; if the material for the protectiv

layer 10 is Teflon. then the coated wafer undergoes a thermal cycle ’LMJIECZGW
cures the wafer and includes a | ow tenperature cycle during which any
solvent residue is renoved followed by a higher 15 tenperature cycle. After
the wafer has dried, the wafer is diced in order to yield the individual
sensors 1. sides theebfecti ve | ayer 10 includes Teflon, the Teflon may first be
renoved fromthe path of the dicing saw so that the Teflon protective

llayer 10 is not damaﬁﬁg lqjLiﬁhl”&trﬁt@@xﬁhﬂésﬂﬁserﬂ@@mi ap serfen® stgsot Ounday be
renoved fromthe path of the dici ng saw t hrough any 20 appropr| ate net hod.

For eXampl ¢ e el O iR oe LRy ﬁﬁ(amt%etd&@wqéacsm pfed Pl asma

et ching op fou ot oresi'st “mask t hat exposes

only the dicing path pattern. Furthertm) e above- descrllbed gsrg ess may
be appl i ed TheseisaemplatydHustraggnsiofy the inds pT $eASE5S é‘rm‘lyoseB'FSﬁﬁF@éorseﬂgg avi ng
the protective layer 10 applied to nultiple 17 1 9 D E C 2003 sides

theredf. Firgs.S. Ratert Nd. 5/6U%,09 %t Refersnnapd royv madesta fatod & whichillysEgtes &t ve as
sensor 1, and to which the protective |ayer discussed above (and to be

di scussed hielasii)c sEmY6r bsteni PTheaststern Thieprsee x pagsivasgnsor | andtan gxiegnabulghsonlve

ki nds of sensors that may serve as sensor | are described 5 in U S Patent

No. 5, 619, %%Zaudﬁ%sea@a?onlslsrszmw:x.wmesemr FFii implankableih @ uldabaumt coripatibin
ul trasonic sensor system The system conprises a passive sensor | and an

external ul ntdid %'s‘%. 9:,%&}{ ngau éﬁfe'o%nm;@m&ﬂmemgs@@nsor lis

i npl ant abl PRt an Ul rasou medi um 12, such as the human body,

or nmountable on an H,&ger uatarblgnélsq%s lel%w@@lﬁ@rgﬁeécnbz?d Ainsui tabl e

sensor, exanpl es of "WhPER™d 'éma“escrl Ow W th respect to
Fi gs 12 lbi]owwvulﬁ pt:s;l;rﬁ‘:f‘:(t:trc])al'-n % llX 1cqlr Aechanica l}’ Vhbfa‘ s 1n e”&;?se%’ce &tn

ultrasonic wave, much as a tuning fork vibrates in the presence of a sonic wave. Therefore,
sensor 1 is represented schematically in Fig. 11 as a tuning fork. The frequency of vibration
of sensor 1 is at its current vibration frequency which is a function at least of the physical
variable being sensed.

13 The activation and detection system 14 typically includes an ultrasonic
generator 20, at least one ultrasonic transducer 22, a frequency detector 24, and a data
processor 25. The ultrasonic generator 20 and transducer 22 constitute the activating
elements and the transducer 22, the frequency detector 24, and the data processor 25
constitute the detecting eiements.

20 The generator 20, such as the non destructive testing unit, model [IB USDE,
manufactured by Balteu Sonatest/Schlumberger of Milton Keynes, England, generates an
ultrasonic wave to be transmitted by the ultrasonic transducer 22 to the sensor 1 via the

medium 12. Typically, ultrasonic gel 26. iocated on an outer edge 28 of medium 12, 1s
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ultrasonic wave, nmuch as a tuning fork vibrates in the presence of a ﬁgﬁ% 2000
wave. Therefore, sensor 1 is represented schematically in Fig. 11 a%

tuning fork. The frequency of vibration of sensor | is at its current

vi bration frequency which is a function at |east of the physical variable
bei ng sensed. 15 The activation and detection system 14 typically jncludes
an ul t r asanilieed tgeogiathe tra@gucend? lathemeding 13| Typisaly; be trnsragriodirasepc 5
frequency detector 24, and a data processor 25. The ultrasonic generator

20 and tr apsdwC@npleed P Sink fefequdnbf oPLiahpeadf ifrequeneiee nfton kxangphe) abhsuiblansducer
22, the frequency detector 24. and the data processor 25 constitute the

detecting elenments. .20 The i Gih3Sspbdi €0 ReNItESSTd Waid ve
t esting ur??‘{’?m%ﬁra’éﬁm'ﬁ% %%E?pr%éghﬁwéct uerngeg bty BAl teu Sonat est/ Schl umber ger

of MIton Keynes. Engl and nerates an . ultrasoni t ansmtted
by the ul taca%mgéntﬁraﬁigﬂaéféfﬁ’ﬁéﬁf‘bwﬁlﬁﬁ"‘gQWLeo“#@?"’\‘}Fg""\tél?i’é’?‘sh@%ﬂp“@?n%iz.
Typically, ultrasonic gel 26. |located on _an outer edge 28 of, rYedi um 12, is
18 1 9 D Eicro@oadswpit pdegach eprespppiiag thediffersAsiarauency oe Meeheedi um 12,
Typically, the transmtted ultrasonic wave is conposed of a single
f r equency tafismiinéduogie @hsdr il e Ghes) diiesperaFion cacapqudeto araauengy SeapIoBeraten Wpi ng
transm ssion operation nay be inplenented with respect to the ultrasonic
wave  genghahighOsefioslt €M 385dé b pidrahBodfaitrdsshivvidne bursn bdpiagaled inltitreasdni c t one
bursts, perhaps 20 5 m croseconds apart and each corresponding to a
|
|

di fferent frd ! gg@xoaar&reﬁwﬁsﬁéﬁa‘fyvalsym alERRSRS 1@thiring Beersensoe 1. Thus,

this operati responds to a frequency scan operation in which the

sensor | ls eXRosed &El%rﬁ{ng lsggtegdll ?%anl?eti chIT)J'ern%'qmt&dtbg REnRUfedhecoi@RtAt ed in

time and “COrrespondrng erent frequency. As an alternative to this

O g B O LG ULLLASON G M S AL USSR FREHE oo above

signal containing a plurality of frequencies that impinge on sensor 1. The frequency domain
representation of such a pulse would resembie that of a gaussian distribution. For both of
these ultrasonic wave generation techniques, the frequencies of the transmined ultrasonic
waves may have a value ranging from 300kHz to | MHZ.

15 The ultrasonic transducer 22. such as one part of the non-destructive testing
unit. typically also receives ultra-sonic waves from the medium 12. Some of these waves are
reflections of the transmitted wave: others are from sensor 1. In an alternative embodiment.
there are two ultrasonic transducers 22, one for transmitting and one for receiving.

If the transmitted ultrasonic waves include a frequency at the current resonant

20 frequency of the sensor 1, the sensor 1 will vibrate at this resonant frequency. Because the
sensor | absorbs the energy of the ultrasonic waves at the resonant frequency. the reflected

waves received by transducer 22 have an amplitude at the resonant frequency that is less than

the amplitude of the reflected waves at the other frequencies. In addition, the sensor |



10 any suitable transm ssion schene for transmtting a single pul se 19 DEC 2003
enbodyi ng an ultrasonic signal containing a plurality of frequencies %HaE

i npi nge on sensor 1. The frequency domain representation of such a pul se
woul d resenbl e that of a gaussian distribution. For both of these

ul trasoni c wave generation techniques, the frequencies of the transmtted

ul t rasoni ¢ conenuestorvilyrath aven afteyigdngwissian gf vlgaonismasexasistoppedl MHZ. 15 The
ultrasoni c transducer 22, such as one part of the non-destructive testing

unit. typically al soTKERQUMRS detettbied4s Siftlikar 105 9D AGPRAS dABIgkdim 12. Sonme of
these waves are reflections of the transmtted wave, others are from
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frequency. Because the sensor | absorbs the enerqgy of the ultrasonic waves
at thé researaon! resaagigebsn nat lneger exdited by the W@g‘ﬂ’rggﬁw’éd‘fﬂﬂ?&t ransducer 22
have an anplitude at the resonant frequency that is less than the
anplitude of the refDacprockssualésoakertd the frogurery dateired by el frdgneregddi t i on, t he
sensor 1 19 19 DEC 2093 continues to vibrate even after transm ssion of

ul trasoni cdef@uR 34 s tetvaRe 8fthe PRmidal @AMBIEG¥ins ettt @ TR info¥nBlidriecday t he
8590A spectrum anal yzer nmanufactured by Hewlett Packard Inc. of the

UsS A, ar}-gj, ﬁﬁ;‘s%n&é?ﬁorf %{pgriédé%q LH‘.I atc’f\ﬂﬁﬁﬁilcﬁé YitSsendo? 1 dﬁtd@&%&ﬁn"l\mr@ Iaetail

frequency has been abs by sensor nd/or at which frequency the 5
sensor | hesonaj es when no | onger excited by the transmtted ultrasonic
waves. Data processor 25 converts the frequency determ ned by the frequency

ot oftat i on needed T4 o FpeeciagR R Sl s htrs bis RAmARE 5P ¥ihbet ure of
t he sensor 1, as described in nore detail _ _
living tissue or within a conductive enclosure. As explained above, the system operates with
mechanical vibration rather than electromagnetic resonance.
Reference is now made to Figs. 12A and 12B. which illustrate an exemplary
passive sensor that may serve as sensor 1. The sensor of Figs. 12A and 12B. labeled 30, is
15 responsive to pressure. Figs. 12A and 12B illustrate the sensor 30 in the absence and
presence, respectively. of pressure.
Sensor 30 is typically machined from silicon and typically comprises a cup-
shaped housing 32 having a recess 34, a vibratable beam 36. a membrane 38. and a coupler 40.
The material from which sensor 30 is machined. including membrane 38, may also include
20 silicon nitride or silicon dioxide. The vibratable beam 36 is typically integrally attached to the

housing 32 and extends into recess 34. The coupler 40 typically connects between membrane

38 and a far end 42 of beam 36. The coupler 40 is either integrally artached to the membrane 38

or the vibratable beam 36. Sensor 30 mayv be machined to have a cross-sectional thickness of

20



hereinbelow. 10 It will be appreciated that the systemof Fig. I I is

i npl antabl e deep within |living tissue or wwthin a conductive encl ostiSdECARD
expl ai ned above. the systemoperates with nechanical vibration rather than
el ectromagneti c resonance. Reference is now made to Figs. 12A and 1213,

which illustrate an exenplary passive sensor that may serve as sensor
The sensor 10Funkiags each 2ille amgt b 2Bchihatre lhedt Bengh of 40 ubb Mesposismerebriane 38
pressure. Figs. 12A and 12B illustrate the sensor 30 in the absence and

presence, kRs RSt iRkiéss iRithdta8RD10S 10 §8NHO SeRbhrizB nlay Pk ¢l grdiuc kg 1f r om
silicon and typically conprises a cup- shaped housing 32 having a recess

34, a vibratable bearn 36., a nbrane 3 . i al
fr om whi chSEEnS B SBeT Shndte TRAT <Phe Toponf Mpeftiskcih 3 B o HE SRR
20 silicon nitride or siljcon. dioxide. The vibrat2ble beam 36 is typically

i nt egr al |y ERUHEhddoreRy et Heese HERFESIRES B3y IREECIENEMA §2F A B A dheaheserion
coupler 40 typically connects between nenbrane 38 and a far end 42 of beam
36. THe codgstrbeddereis either integrally attached to the nmenbrane 38 or the
vi br at abl e beam 36. Sensor 30 nay be machi ned to have a cross-sectional

t hi ckness of 20 1 9 ABEh&w2G0Hg 1I0BMmembcine 38 typsalticbends/inlvereceac B4 inaelspbasehave a
| ength of 400 m Moreover, nenbrane 38 may have a thickness in the range

of 0.3 to0 19 .preshiire FRASOE 03QidIRYThRCCaGRB kb ePraId, ARieR s 1d PressdbRASAONS Ot her
t han those given above w thout departing fromthe scope of the present

i nvent i on.irMeig Q¥EH 36 %fb%ﬁ&mﬁi ﬂ&”ﬁag@% 20 i€ R Gh B 2R S dldfed bt Abral@Qy Of

the other senso6rs 5 described her wn I n Fig. 12B, nenbrane 38
e.

typically pep l?eriﬁjgél% {f&%ﬁ?u %injaﬂeéti Ee?a&‘?”r%ﬁs, m%%@éﬁﬁék%&ﬁ:%&'ﬂﬁhﬁ&%?i d
Thi s causes cBuple i , 1 Ch 1St | , to'pre on far en
10 the higher the vibration frequency of beam 36. Moreover, when beamn 36 vibrates, the membrane
38 vibrates as well. The specific relationship between pressure and frequency of beam 36
depends on the matenal of beam 36. its Jength and its cross-sectional area and to some extent on
other factors. such as temperature and viscosity of whatever medium ts within recess 34,
It is noted that, if the membrane 38 was made of many materials or coated with
| other materials, it would bend in response to other physical variable. such as temperature, For
example, Fig. 12C illustrates a sensor responsive to temperature and Fig. [4B, described
hereinbelow, illustrates a sensor responsive to chemical composition.
Reference 1s now briefly made to Fig. 12C. In this sensor, the membrane 37 is
made of two materials. 41 and 44, each having different thermal coefficients. Exemplary
20 materials are silicon and silicon nitride. Since the matenals expand and contract at different
rates. the membrane 37 will buckle as a function of the temperature.

Reference is now made to Figs. 13A and 13B. which illustrate an altemative

embodiment of the passive sensor which has different transmission and reception frequencies.
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i nduci ng beam 36 to bend and thus, straining it. As is known in the art, a
strai ned beamvi brates at a hi gher frequency than a non-strained beaungEC 2003
Thus, the higher the pressure on nmenbrane 38, 10 the higher the vibration
frequency of beam 36. Mreover, when beam 36 vi brates. the nenbrane 38
vibrates as well. The specific relationship between pressure and frequency
of beam 36 F\G@BRRAS tRNedsBELTFsErliaddnd QBB RRa Mas3efetehse teQRGERN MR Jiat |§a51de

cross-sectional area and to some extent on other factors. such a
tenperature ap Ve

not ed t hat, 9%%6%%9”,6%%!5@ Sg"ém dhak %B rrg e tikeWa{on#P gﬁ%?ﬁ]éggfléd

15 ot her naterlals it woul d bend, |n response t 0. ot her physi cal varlable
such as tenperature. [PHFenshofipfimilappgensep H“Iltl‘%é‘t ? bausipeclaheled 53.@898nsi ve
to tenmperature and Fig. 14B, described hereinbelow, illustrates a sensor
responsi ve rtzccess:msnﬁiwattvecwtp@lsrhrablgnl.emﬁetftvérsemreﬂ ig a fdiNehgth bédny S8rademida (Fi g.

12C. In this sensor, the nenbrane 37 is nade of two materials, 41 and 44. ‘
each hfwvi ngekof 30 seBdr S0RARE HEl 2 reddetrdrieGB@and 8 couplee M| lartdis eRBodiRbR] EcubRr a0 € |
silicon and silicon nitride. Since the materials expand and contract at

different ;J@n@soted ﬂ%e%@brs@ﬂ&vl?ge ¥nbd thi &kl Gniadle 3o B4R RS PB’F‘C but
tenperature. Reference is now made to Figs. 13A and 13B, which strate

an al ternati e J%rg Q6 BB @fand BE WRAR ek Ge SGHEMp il EA DS di T Ter ent

transm ssi on- an ception frequencles urt hernore, the

e view of ihe sdRUBPTRABITEA Rt e % 4 RLe e s Al

along lines IlIB-111B of Fig. 13A. The sensor 50 is simlar to sensor 30 in
that it hatlsgoha{iReusys Seabeaualar 4% s lgpger than beasnéd defined ag theensth efiheam 58
vi bratabl e el ement of sensor 50 is a full length beam58. Simlar to 5

sensdf 30, frayeagight sdgeafbsef hvasing S2remrboupies 488 Thardfage, beam|68rvikkdtes laha fdvies
enbodi ment, coupler 40 is connected to beam 58 sonewhere other than at its
m ddl e so facqutrmymaeatsn tho separate but
In the presence of pressure, membrane 38 bends, pushing coupler 40 further into
recess 54 and bending beam 58, straining both beams 60 and 62. When in operation, the sensor
system excites sensor 50 with an ultrasonic wave whose range of frequencies is approximately
15 the range of vibration frequencies of long beam 60. The long beam 60 becomes excited and its
excitation causes short beam 62 also to vibrate. but at its current vibration frequency. In response
to the vibration of beams 60, 62, membrane 38 vibrates as well,
Since the short beam 62 typically has a vibration frequency range significantly
different than that of the long beam 60, the ultrasonic transducer 22 and frequency detector 24
20 need only be tuned, for reception purposes, to the frequency range of short beam 62. Since only

the short beam 62 will be active in its frequency range, the signal to noise (S/N) ratio of the

signal received by the transducer 22 will be high since there will be little or not noise associated

with the excitation frequency.



coupl ed vi bratabl e beans 60 and 62 which vibrate at different frequegginﬁ. 0
As illustrated in Fig. 13A beam 60, defined as the I ength of beam 58°f J’P
a left edge 64 of housing 52 to coupler 40, is |longer than beam 62,

defined as the length of beam58 10 froma right edge 66 of housing 52 to
coupler 40. Therefore, beam 60 vibrates at a | ower frequency than beam 62.
In the presence of piTbssasce S0 mapriptiandy 280 inelndksy reforentr begm ©8 (k3 BAQodatedt her
into recess 54 and bendi ng beam 58, straining both beans 60 and 62. Wen

in operati QBxt t§ RS SN SBYam RIS ERMBNG: AR HBNS Qbushig SMiblifks Bt dbhhd AR bsthWave
whose range of frequencies is approxi mat ely 15 the range of vibration

frequenci eg,of . gdqugyhcp%%m ﬁ%ref%_geth}: Qﬂ:g V qrggl%cgeo?%q%ﬁ 68% oL Gk éﬂlg%clt bt

excitation causes ort” beam I'ts curre

vi bration frequenc I n response to the vi br ation of bea

menbr ane 387U fMBschaesiaf s Viestinndreapcocy Aystthaeiars, bg Sug wﬂaeaﬁ?lgf“na%chés
vi bration frequency range si gnlfl cantly different than that of the |ong

beam 6D, t HERsratwrasvis¢ays dampwautier whizh alsd affed e rapns PBtandttar The owmmut péed

only be tuned, for reception purposes, to the frequency range of short beam

62. Since a:rfdrgnct beans 6015 thub edlined By dith brobess@ @) tw eorrent thd [wedsure cralaescieetainge, t he
signal to noise (SIN ratio of the signal received by the transducer 22 .
will be higbmotaresthrre Wll be little or not noise associated wth the i
excitation frequency. 22 1 9 DEC 2003 The sensor 50 can optionally also |

include a reference RREINER n@ﬁ'bﬁcﬂﬂﬁﬁ)e’ to IF%C %JQQVMHBQP&ISULIQS PRAMAGemBEAM 68

is connected at both ends to housing 52 but I's not connected at both ends

to coupl er\:ﬁ-n%gdm'-lrc'ﬁﬂ)pfhgr %\ so; ﬁ:?mgd QI{ ta;olsﬂﬂoﬁ r\hﬁ & ﬂf:XndO;Z b@%maﬁg qulear?ﬂr is

change wt pressure ny changes of 1t1s Vi rat| on’f
e 591 o By e R BUPLART 05 SRS e 2045, S0 10
an enclosed space 74. The base of each cup is flat, forming a membrane which can freely vibrate
into space 74. In order to provide the sensor of Fig. 14A with two different, coupled frequencies,
the thickness of the membranes, labeled 76 and 78, is different. ‘
As in the embodiment of Fig. 13A, the vibrating element with the lower vibration
15 frequency. (i.e. thin membrane 78) receives the ultrasonic signal and the other membrane, thick
membrane 76, transmit the reflected ultrasonic signal. The two vibrating elements are coupled
via the sides of the wafers 70 and 72 and through whatever medium is piaced into enclosed
space 74.
A sensor similar to that shown in Fig. 14A can be used to measure chemical
20 composition. The resultant sensor is illustrated in Fig. 14B 10 which reference is now made. The
thick membrane 76 of Fig. 14B is coated with a thin, sofi, polymeric film 79 which absorbs gas
phase analytes. The analytes add weight to film 79 and change its viscoelasticity. As a result,

the vibration frequency changes.
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reference beam 68 is thus utilized, by data processor 25, to correct éﬁf
pressure values determned from beans 60 and 62. Reference is now Br @Zﬂm
made to Fig. 14A, which illustrates a further alternative enbodi nent of
the sensor fornmed of two silicon wafers 70 and 72. Typically, each wafer is
10 formed into roughly a squared off cup shape and the two are bonded
together so as to prQgires tamhegreklasedwspaeedivebyerhthalrmsesoo’0 madineddieni s
flat, form ng a nmenbrane which can freely vibrate into space 74. In order

to provide g, PERAE of inGihgth ndchbrale b 8lis thed Erbimar sfple criBuk ellcdi. BGi4QREI €S,

the thickness o e nenbranes, | abeled 76 and 78, is different. As in the

enbodi ment qf Fig. 13A, .the vibrating,. ’ | Vi I 15
frequency, e’%‘?‘b‘f &[‘ﬁ%‘ﬁo%ﬁ%?ca#é’ '%gﬁmgagglgbvels rht ﬁﬁéthﬁlg g‘%&@ S fil\g{"ﬁgpfa%%g t he
ot her nmenbrane, thick nenbrane 76, tran_srritgffhg reflected ultrasonic
signal . Thegeniidt sprantsrs wgn dmelagipd 18sids 2patighfp lRdged.hgn thsdnemmtgane 3§t sved anaf er s
70 and 72 and through whatever nediumis placed into enclosed space 74. A
sensor’ si nednsur 30 & expased Sir@iong anofghgimelid Auchican epeirenseedt, surhrpe e mowthe tiec al

20 conmposition. The resultant sensor is illustrated in Fig. 14B to which
ref erence mesmbai¢ I8aHE: diskbe thrthsliclnpeiteaneserr 00 ufelegs. ThBvilseraliityagphést h a
thin, soft, polyneric film79 which absorbs gas phase anal ytes. The

anal ytes ageheghedRfpet f Jehidm ditusdad 2678008 ell.t B HilF ¢PSphS ihe dadnerAS wllichesul t
the vibration frequency changes. 23 1 9 4 E C 2003 Contrary to the

preval ent il SWnerkii)QPmfil ROV EIGGLh DB 022 BRASALe AUIRE CRIRRE: (HaR L mplak ! CON.

i ncluding one 1n Is for roma sing crystalline
silicon, does not exhibit a s

ti.sfact ree of hio-c tipility with
The nat ur &1 15 PBRRE SR bisiry 1o G AN Gg e 44 tOERERNT Pk Phish
i mpl anted inside a tpati ent._lndeed, when the nmenbrane 38 of sucp a
10 taken to protect the sensor 30 of Figures 12A-12C apply as well to the other types of sensors
discussed above.
As explained above, sensor 30 includes a membrane 38 that is mechanicaliv
deformed by a certain deflection in response to the application of a pressure thereon. As

membrane 38 changes shape according to such a deflection. so too does the resonant frequency

of membrane 38 change. Once an ultrasonic wave with a frequency matching that of the

._.
n

membrane resonant frequency is exposed to membrane 38, membrane 38. along with beam 36,

at that resonant frequency. generating a reflection wave that is picked up at the svstem of Fig. [ 1.
Stated another way, when an ultrasonic wave, which may have its particular frequency domain
20 charactenstic represented as a Fourter transform. 1s transmitted to the sensor 30. the membrane
38 will absorb the wave energy occurming at the particular resonant frequency of the membrane.
which depends on the amount by which the membrane 38 1s deflected because of such external

absorbs the energy of the ultrasonic wave at that frequency and begins to vibrate mechanically
influences such as pressure. Because the energy absorption by membrane 38 will occur at the
I
|
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S sensor 30 is exposed for a |ong enough tinme to such an environnent, gﬂgg 003
as three nonths, the nenbrane 38 nmay di ssolve conpletely, rendering E ;
30 useless. This vulnerability applies to the other types of sensors

di scussed above as well. In order to explain the manner in which this
vulnerability is mnimzed through the use of a protective coating,

ref erence stsanant frequamco e membrane 3 r e Eonner wragfom repeeserasivpof 8@ reflecridgiaves
12A-12C, with the understanding that the steps 10 taken to protect the
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occurri ng 1/ prbdigreRetidgl dnbheMibriRs BB pRlssird RAHEDE the Rlenfthie T8 HRH B@rivedVBbmh
depends on the anobunt by which the nenbrane 38 is defl ected because of such

external essure. Because the energy absorption by
é%er%#ﬁ&ﬁ FeSondif ﬁecf{%g

menbr ane occur at 24 1 9 DEC 2003 resonant frequency of

nmenbyane 38, the Fourier_.transformrepresentation, of the refl.ecte ve
produced by menbran‘g5 5@1%"7 %é’;(’ i'g%“ mgr ar 'iséﬁﬁ’oéFd ??6 té‘llpg(egms‘%ﬁ’rﬁegoe%'?ease
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38 is formed wili begin to erode; this erosion will affect the vibrational characteristic of
membrane 38. As the membrane 38 continues to erode, the accuracy of the measurement
provided by such a resonant frequency determination as discussed above is consequently
I3 degraded. In order to prevent this degradation, a protective coating is applied to membrane 38.
Fig. 15 illustrates a sensor 30 in which an exemplary protective laver 150 of a |
polyxylylene polymer material is deposited on membrane 38. Of course, the material for the
protective layer 150 in Fig. 15 need not be limited to a poiyxvlylene polymer, but instead may
be formed from silicone rubber or polytetrafiuoroethylene in the manner discussed above. When
20 a polyxylylene polymer is used as the material for protective layer 150, one example of
polyxylylene that may be applied to sensor 30 is Parylene C (poly(p-chloroxvlvlene). Other

polyxylylene polymers that may be applied to sensor 30 include, but are not limited to. Parvlene

N (poly(p-xylylene)), Parylene D (poly(p-dichloroxylylene)). and Parylene VIP™ AF-4 (poly(p-
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transmtted ultrasonic wave. Therefore, this notch frequency is considered
to be the resonant 5 frequency of nenbrane 38. This frequency nmay bd 3 DEC 2003
detected by any suitabl e analysis device, or the frequency nay be

determ ned visually by inspecting an inage of the Fourier transform
provided to any suitable display. Since the resonant frequency of nenbrane

i's proport ie@@fhodoRylylehd). PTIRS SHhBuAChE RlloWin @R st ocdsBLoPPRAFRUE € &Cht Ng ON
t he nenbrane 38 can be ‘derived from the neasured resonant frequency. 10 As

expl ai ned above, .if nmepbrane .1 S, eXP0 f e ' he
natural |y 5“3@6&'?1? fop, grofsc Ycalgycérkg@ é}g“é‘Ht%S gﬁrgﬁ?t#{r%t%kg?%g %?%Lg@%ﬁe{‘ﬁae&%l% i con
out of which nmenbrane 38 is forned will begin tﬁ er dﬁ; HQ%@ erosion wll
af fect t hempnungs phowa may Frayess PRIGCEYS 18ves S0 rbiatliboseh BAXahRlarshIPRIL 38
continues to erode, the accuracy of the nmeasurenent provided by such a
resonant f wegbieinthe Rictlererfi pratecive lagerdiS8 cuappbal ialhevsenios symswgflient3Ay, thé
degraded. In order to prevent this degradation, a protective coating is

appl i gd t oP4FRERS @pRrtedlive lafer thay bOapgliedi Gbtroalyes tids &6#6 00, 10td anywiiitidseadors
exenplary protective |aver 150 of a polyxylylene polyner nmaterial is

deposi t ed QOSRAPERRE h@&ro@,_»ﬁ&%%%m tb Bt pARIcER @hbddRhent NRistrREPLTLEE! V6, | ayer
150 in Fig. 15 need not be Iimted to a pol yxylyl ene pol yner, but i nstead

may be fornedydromsihEsone rubbel, o Aokl ehd.afl ugy ekl §0& 1 abig
d &b 074 yxyly pol as the

manner di scusse OVE. en po ene ymer 1s use
material for protectiyve,. | r ﬁSO, one exanpl e of ol yxyl yl ene éha may be
appl i ed 1 & Sefeatomyd Eisnlf A aaf dnsahiektess cpempaRL XY oY Bhbrorerre © e
pol yxyl yl ene pol yners that nay be applied to sensor 30 include, but are not
limted t&uckpgiswif Bem-0PHopeipgpessd 25ave insaangctionyity Fignk2Ap Finally, although Fig.
(pol y(p-dichloroxylylene)). and Parylene VIPT"' AF-4 (poly(p 2519 DEC
200310 et r &f Hlyswrassproteesing)layer THias beiap dppnsigtd anralyf wlelsiigiof serdorsidu pmitestivd ocuses
on Parylene C as the material for protective layer 150, it will be
appr eci at bgert I5&tmayrbe depositérbonpo Imyaxy ik esfeemat B dsad desired.
In Fig. 15, protective layer 150 has a thickness not more than about
4500A for a sensor 30. Protective layer 150 provides enough resistance to bodily fluids and other
degrading agents in the patient's body that the structural and functional integrity of membrane
135 38 is preserved without significant degradation. This protective function is also provided by a
layer 150 that is thinner than 4500A. In fact, a layer 150 having a thickness less than about
2500A may be applied to membrane 38 without reducing the protection provided by layer 150.
Because the thickness of protective layer 150 is smaller than that of membrane 38, the sensitivity
of membrane 38 with protective layer 150 remains about the same as that of a membrane 38
20 provided with no protective layer 150. On the other hand, as the thickness of protective layer 150
1s increased to dimenstons beyond about 4500A, interference with the sensitivity of membrane

38 becomes significant enough to affect the accuracy of the data obtained from sensor 30. In

particular, as the coating thickness becomes greater than 4500A, the amplitude (or Q factor) of
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menti oned above may serve as protective |ayer 150. Further, although Hﬁi
exenpl ary sensor 30 to which the Parylene C protective |ayer 150 i 49 2003
applied is the sensor shown in Fig. 12A, the 5 Parylene C protective |ayer
may be applied not only to this sensor 30, but to any of the sensors

descri bed herein. Moreover, with respect to the particul ar enbodi nent

i |1 ustrat egle irddofdn@e isldminiged Saich3@ndeaythbecadimgs pouidedibyasensor didrigsstaocurite. 400pm
X 400m x 100m di mensi ons nmentioned in connection with Fig. 12A, and the

thi ckness pfi Ewg(gﬁg.ﬁ with p@}'ouﬁk E% ts%ﬁ LERPONMEork Rual difloyidHeBKASHS mRhnbfinsd

] m 0. 5pm di scuss ove'in co ton wth Fig. 12A° Finally, although

Fig. 10 15 il lustrates protective layer 150 as bei eposi.ted o y one
side of selisghaghve ﬁP{?{gE’FiW@ far"é%f&x‘isfb’e?f’&ys‘*‘r}% aﬁ%’g%ggtcg%‘ﬁ%n’ ggl Jr%’ﬁgg&si des
of sensor 30 as is desired. In Fig. 15, protective |layer 150 has a

t hi ckness Yibreterabp gesphaph radienay i SODINSE iy anqilsasarie vagp  Ths.gwnbks thg @emiyane 150
provi des enough resistance to bodily fluids and other degrading agents in
t he pati enis o sdeoh30t Which isliapablenlibding dellecindiantl wheibiabmgdt apredelgmiingd refonamnbr ane
15 38 is preserved w thout significant degradation. This protective

function iffeqadngg thd ahbtest dfyuca a E@y@nslgtﬁﬁp&slaatem rdriiirR BAtionaAnaat i BEkAed | N
fact, a layer 150 having a thickness | ess than about 2500A may be applied

to menbr ang,@friohh Qkeali SF PR Mhet 1 RELLSE (hOMRLRY bORE Bkrab@¥ac k5An

Because the thickness of protective layer 150 is smaller than that of

menbr ane éﬁrafot@cﬁreﬁ&ﬁéﬁ %\Yel, %%ch ta.ﬁ) %cftiqgg;%o%ngodgfc?es &él%&%f;’%@?} dﬂélé((ﬁ@\#l?%&{l‘%ﬁ]a'\s 0

remai ns abou e sane as a menor ane

protective |ayer 0. t he qt her. hand, t he thickness of protective
| ayer 150% t}‘% ?1‘5‘}5%‘5”8% s "Eﬁ"ﬂg i @gﬁté?gﬁffa%&ftme ﬁ,Ofis'ﬁ?hprr efence with
t he sensitivité of menbrane 38 becones significant enogg$ %o géfect t he
accutfacy BHOPRNR ARt SeRsBis AP Matref e BenaaY empjoy PIRLeChE ORI A MULLETERE
coating thickness becopes greater than 4500A, the anplitude (or Q factor)
of 26 1 9thikgesyd®eB %A resonance is di mini shed, which renders the readings
provi ded by sensor 30 | ess accurate.

Retumning to Fig. 15, protective layer 150 is deposited on sensor 30 according to

any suitable vapor deposition technique compatible with the deposition of a polyxylylene
polymer material. For example. as shown in Fig. 16, a vapor deposition arrangement includes
15 a vaporization chamber 300. a pyrolysis (reaction) chamber 320 connected to vaporization
chamber 300 via tube 310, a deposition chamber 330 coupled to pyrolysis chamber 320 and
including a condensation stage 370, and a vacuum pump 360 coupled to deposition chamber 330
via tube 340. Vaporization chamber 300 vaporizes a dimer of polyxylylene polymer matenal
(di-p-xylylene) at a temperature of about 150° C and pressure of about | Torr. The dimer is then
20 pyrolyzed at about 680° C and 0.5 Torr to produce a monomer such as p-xylylene. The
monomer then enters the deposition chamber 330 at an ambient temperature (room temperature),
where the sensor 30, either individually or as part of 2 wafer containing many sensors 30, is

located. At this point, the monomer is absorbed and polymerized onto sensor 30 to produce



This is in contrast with previously proposed active sensors that enpl %
defl ectabl e nenbrane. In such active sensors, the nmenbrane deflecgggﬁﬁc 003
response to an external condition, but does not vibrate at a resonant
frequency in response to an ultrasonic wave. Thus, unlike the nenbrane 5 38
of sensor 30, which is capable of being deflected and of vibrating at a

predet er m ped LESENANke. [ GANRAEY0 if DSATHBERNER thamEN 3T RERIGLANE! Wen

proposed s€nsor S stationary a cted configuration. I|nstead

of providing data regarding the neasured bodily characteristig Vi n
01 t Pasoni cPtseRsc T S0ataui bedBRars 2L eracburdes prastet 34, On ol

signal that is proportional to the anount by which the nenbrane is

def | ect ed. hddpifisensor 80 pieeedindepsition chamherFP R ed IOl § WalsT FNEBREHAY SENSPE
sensors do not resonate, they may enploy protective coatings of much
greater ti eleh@SolyRRieASHner eketanivill e tiepositeg. onlsBpsop3bindh memnet sheem 150
is deposited on sensor 30 according to any suitable vapor deposition

t echnique i&%Baitsi. Bl @ aeihaibA 8 rEQRON ket RMiRA 1 PprB@bottld Miliioigal sBRIYSTHY. the
“material. For“exanple, as shown in Fig. 16, a vapor deposition arrangenent

includes 15 a yaporizatio ﬂ92§ ggg le¥iS bSivin LiPBicaalambgr 320
. q the: ¥E bglymk rid) Bécah
connect ed ¥ Sﬁgﬂgﬁf?5?¥5ﬂnn§ g %%j 6%38%ﬂg§ %E%? 5q§§p05|t|on chanber
330 coupled to pyrolysis chanber, 320 and including.a condensation Bage
370, and SUTSEOHRTIIREPRNS SR MEFoR HHBBESFTI ShIERUNRI YRR 3852 0
Vapori zati on chanber 300 vaporizes a diner of polyxylylene OléﬁEQ mat eri al
(di - p- xy| i eaneyr 3 assshpwnpeFigt Us @ilbbe eopigd tvith e preteglivg I%Vreé FOBFYRIBE: |
Torr. The dimer is then 20 pyrolyzed at about 680 C and 0.5 Torr to produce
a nononer pslyoter mstepalxyl yl ene. The nononer then enters the deposition
chanber 330 at an anbient tenperature (roomtenperature), where the sensor
30, mwither individualorder arbeaslepaddpogfa moreaive layeroridainisensgr Hethyt is kasbas 30,
is located. At this point, the nononer is absorbed and pol ynerized onto
sensor 30 4@AP iR ABSR -d deribePvapidedRtidn process is carried out more slowly than previously
proposed vapor deposition processes. For instance, while some previously proposed vapor
deposition processes take only about 10 seconds to deposit polyxylylene polymer material on a
surface, the protective layer 150 according 10 the present invention may be deposited according
15 to a vapor deposition process that takes as long as ten minutes. By performing the deposition
process at this rate, the vapor deposition process for depositing protective layer 150 on sensor
30 may be controlled more precisely to achieve the desired protective layer thickness and prevent
the formation of pin-holes. Any suitable deposition monitor (not shown) may be coupled to the
deposition chamber 330 to allow a person operating the deposition chamber to keep track of the
20 protective layer material as it accumulates on sensor 30 during the deposition process.  Once the
thickness of the protective layer 150 achieves the desired value, the person monitoring the

deposition can shut off the process. or such a process may be terminated automatically upon the

monitored thickness achieving the desired value. Moreover, since different areas of deposition



protective layer 150. If the sensor 30 is placed in deposition chanber 330
individually, then protective |layer 150 woul d be applied to all exposBdEC 2003
surfaces of the sensor 30. On the other hand, if sensor 30 is placed in
deposition chanber 330 as part of a wafer containing many sensors 30, then

t he pol yxylyl ene polymer material wll be deposited on sensor 30 in-the
manner showharbber 3 3FieghibitGdifferent reigs ofidepesitioonin erfitrete anmare Jeak dhe mgtedilcled t o
produce the individual sensors 30, the sides of such sensors will not be
coated W t hréravdryetyh Mldepusiteidnysemsor Jbd: eeidadired et uraedsboXemaysby fléedsn wer e
not exposed during the deposition process. In that situation, only nenbrane
38 of sengop Fa).v%?of ofin&ma}ggfﬁs@-m&émmsla' siRfer ERGL U hiForRiQlAET i Ve

| ayer 150 o ol yxyl'yl ene yner materi al. n order to be a

deposit a protective |ayey,.,150 on sens 30 at is less,than 00A the
above- descri bed vapor deg‘g'é}i‘ rt’rf)tSﬁnvﬁi%’SregB? df%c’s%%rolnir%c&]bﬂ':%ﬁbsf'ésoé Pfggﬁc?mﬁwan
previously proposed vapor depositiqQn processes. For instance, while, sonme
previ cus| y MeFeoisEstar @ s SProgeroantiEaRichpigedly fluds encqunterediydien sanyosdt onds
to deposit pol yxylylene polyner material on a surface, the protective

| ayer 150 &dowlagiedgnsids 4 pasieply desause joh tenprotseiivedgyend Seapesor 8@ emassondtting 15
to a vapor deposition process that takes as long as ten mnutes. By

per f or m nginibea htip Sintlj conseqyandy,geciueds atdurage dagit fer, a gehied vt thatépgradtdritican
process for depositing protective |ayer 150 on sensor 30 nay be controlled
nor e pr eciisgdnyort30 indle@ M6 sidi@ralesgive @dedrsot ecti ve | ayer thickness and
prevent the formation of pin-holes. Any suitable deposition nonitor (not

shown) mmay be coupl ghdifioh REhe APRARNL LR 2CRAHBES ab330 dr Qs A diRMaBvPRAGON
operating the deposition chanber to keep track of the 20 protective |ayer
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itorj. th iti hut .off th : . h.
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achi eving the desired val ue. Ngreo g}, since different r%aﬁ of deposition

28 soluble 1n an agqueous solution, and should dissolve immediately or soon after deployment of the

sensor. The material used, the thickness of the temporary coating and the hardness of the
temporary coating will depend to a large extent on the location of the sensor, the type of sensor,

15 and a variety of other factors including the physiology involved, the parameters being measured,
and the desired speed of deployment.

A first example of a temporary coating is a composition comprising solidifted
sugar syrup made of approximately equal amounts of glucose and sucrose. The proportions of
glucose and sucrose may be varied, however, depending on the application.

20 A second example of a temporary coating 1s a composition comprising Hydroxy
Propyl Methy] Cellulose, Hydroxy Propyl Cellulose and Colloidal Silicone Dioxide, all finely
ground and mixed in water, which is used for coating pills and is commercially available as

Opadry-0Oy-34817 from Colorcon Ltd., Italy.



1 9 QE C 2003 chanber 330 exhibits different rates of deposition, iy prrD)
to ensure that the material for protective |ayer 150 is deposited on
sensor 30 at the desired rate, the sensor 30 nay be placed in that area of
deposition chanmber 330 that exhibits a slower rate of deposition than other
areas. Wth protective |ayer 150 deposited on nenbrane 38, sensor 30

becomes 5 nore resi @hﬁ%a&mm? KeQisEDSi MEmERa) potetliveslohrsy fof a bdsorbqu | y
fluids encountered when sensor 30 is inplanted inside a patient. Because

of this protective |ayer 150, sor. 30-r i in t NSl 1ent,
and, conse{UMMRY PRF %Hﬁ@gzgmﬁc@aﬁr éat'@ac%af{%'gg%r &Ecrpsélﬁ’slq%’ cc‘i"fh@ll %&a@hcgtqﬁ] Fg
greater than if sensor 30 included no such protective |ayer 150. |

addi tion t 6nQuUgh [GRIpiealiRsensoRferp damagr<liFpg Bergliony giysolves immediatelyQrseqatter ve
where 10 suitable, a tenporary coating may be placed on the sensors to
prot ect t hewertioneandiiamogempatidpleon thedandeddedation efdepingmerd ph theibedy.. The
tenporary coating my be made froma material that is soluble in an
aqueoys sol ution, angssheha) kdicesed ¥ anynaveitibid métiodfor Sexting abjeet indRdingy nent
of the sensor. The material used, the thickness of the tenmporary coating
and the hafgdpessiOtphiife tHe @FRAE B YnCRAdok Reppitig! the aR7 Mela 1iQuid bh@! MRigXbENt on
the |l ocation of the sensor, the type of sensor, 15 and a variety of other
factors in ' S| 3N : rs. bejs red,
and the dodiPPy NG ELN, LA Yo bl GuBUERLE R, MUARIRI 2T g
IS a conposition conprisi solidified sugar syrup nmade of. approxi mately
equal  ambURPPEIFAIGRR GER BETmeRREIGE e e G PRI T BALT R POTiOn BLBE arl
sucrose may be varied, however, depending on the application. 20 A second
exanpl e ofof PEEBHSFHFRY coating is a composition conprising Hydroxy Propyl
Met h%/I Cel I ul ose, Hydroxy Propyl Cellul ose and Colloidal Silicone D oxide,
all finely ground and mixed in water, which is used for coating pills and
is conmmercially available as Opadry-Oy-34817 from Col orcon Ltd., Italy.
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29 1 9 DEC 2003 5 10 O her materials may be used as a tenporary prquf&ﬂyﬁm
coating for a sensor. The tenporary protective coating my be nmade 'f

any ot her substance which is hard or thick enough to protect the sensor
from damage during insertion, dissolves inmediately or soon after

insertion and is bioconpatible in the intended | ocation of deploynent in

t he body. @Iﬁﬁefairﬁgﬂxs:be coated by any avail abl e nmethod for coating

obj ect s i ncTudi ng, or exanple, spraying the coating on the sensor,

di ppi ng the sensor in a.liguid, bat.h, .pouring or,, drippi. h j.hg.onto
the sensor, pai Et i ngAtdﬁ‘gcecfg%ﬂp#ﬁ%gﬂ? B‘P({ Re"SeRe 5’rl?°aé?rg&1§%%|%’?a§b§°§%nf "8 he
coating may cover only the nmenbrane of the sensor or it may cover a |arger
portion of the senso#Sengr inchidingritmechanieally yibraae megbpng apd 2003 What |'s
Claimed Is: 1. A device for inplantation into an anatom cal |ocation inside
a body, conprising: amotegivstayed fomded dionge polyxglyleae pdphénymarirat adadspasitadobr ane;
and a protective |layer forned froma pol yxylylene polynmer material and
deposi ted @gMeaspthe nRRBdnicalievibREdRh&abrhde. Vi br at abl e menbrane. 2. The device
according to claim1l, wherein the protective |ayer has a thickness | ess

t han 4500A. 3. The device according to claim1l, wherein the protective

| ayer has a thickness that is | ess than 2500A.

2. The device according to claim 1, wherein the protective layer has a thickness less
than 4500A.
3. The device according to claim 1, wherein the protective layer has a thickness that

is less than 2500A.

4. The device according to claim 1. wherein the mechanically vibratable membrane

15 formed from a semiconductor material.

3. The device according to claim 3. wherein the semiconductor includes one of

silicon. silicon niuride, and silicon dioxide.

6. The device according to claim 1, wherein the mechanically vibratable membrane

is responsive to an anatomical characteristic of the body.

7. The device according to claim 1, wherein the protective layer prevents body fluids

and tissue from degrading an operation of the mechanically vibratable membrane.
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4. The device according to claim1l. wherein the mechanically vibratydpher 2003
nenbrane is fornmed froma sem conductor material. 5. The device according
to claim3, wherein the sem conductor includes one of silicon. silicon
nitride, and silicon dioxide. 6. The device according to claim1, wherein
the mechanically vibratable nenbrane is responsive to an anatoni cal
characteristicgof tige bashe. acdordibpe dswi kevhaxsohel predective leyeipaludes ghiedi n t he
protective |ayer prevents body fluids and tissue from degradi ng an
operation of the nmechanically vibratable nenbrane. 31 1 9 U U C 2003 8. The
devi ce aclytdl g to claim1l, wherein the protective |layer includes an inert
material. 9. The device according to claim1, wherein the protective | ayer

i ncludes a bio conpatible material. 10. The device according to claiml,
wherein the pol yxylyl ene polymer material _includes one of . 3 bio-

pol yp- chl or oxylyl en@he dpoteydcoordipk ya eam) 1, WhATSiE SCPTRIFFOMEJRYAT ILHSs 2 Phhd
poly(p- tetraluoroxy |I ylene). 11. The device according to claim1, wherein
the sensogohpatblPmastizie sensor. 12. The device according to claim6.
wherein the anatom cal characteristic to which the nmechanically vibratable
menbrane i s responsive includes at | east one of a pressure. a tenperature.
and a chemcal. | 3. A device for inplantation at an anatom cal | ocation

i nside a body,,to0 i Sing.: : | i i HeYpoWrbdrahaéd o

menbr ane; a prb@egﬁ}{fedﬁvgﬁé’rcg?d?ﬁﬁa?@g%\ggesr?f]?%?)’Eltgﬂyﬁ}géberp rr}:alt erial and

deposit edinglﬂdgstonlc g? S&]y(p-chloroxy]ylcne), poly(p-xylylene), poly(p-dichloroxylylene), and poly(p-

tetrafluoroxylylene).

11.  The device according to claim 1, wherein the sensor is a passive sensor.

12 The device according to claim 6. wherein the anaiomical characteristic 10 which
the mechanically vibratable membrane is responsive includes at least one of a pressure. a

temperature. and a chemical.

13. A device for implantation at an anatomical location inside a body, comprising:

a sensor having a mechanically vibratable membrane;

a protective layer formed from a silicone rubber material and deposited on at leas!

the mechanically vibratable membrane ; and

wherein the sensor is a non-electrical sensor.

14.  The device according to claim 13, wherein the protective Jayer has a thickness less

than 5000A.
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t he mechanically vibratable nmenbrane ; and wherein the sensor is a

non-el ectrical sensor. 14. The device according to claimi13, whereinl 8B€C 2003
protective | ayer has a thickness | ess than 5000A. 32 1 9 OE C 2003 15. A
device for inplantation at an anatom cal |ocation inside a body,

conprising: a sensor having a mechanically vibratab]e nenbrane; a

protective |ayefsfor ggehitd RftmplRfdichet iroddateaticedeylmries ded erdy adongpmaing:
deposited on at |east the nmechanically vibratable nmenbrane ; and wherein
the sensor is a non-electrical sensor i ce.according to claim
15, wherein the prot%%?ﬁ@gaw3§%Pmﬂ?%cglt F@%ﬁgss ié%%’than 5000A. 17. A
device for inplantation at an anatom cal Iocaléﬁp i.nsi de a bod ' denosited
conprising: a senscrPrhEstivedeysr terrsarAne a PP el ROy ewgﬂ“\@; egosite
protective | ayer which has a thickness |ess than 5000A, formed froma

pol yt et r af bpleriegt thy lnepkanimatlgvibediatdewdedeposiandd on at | east the mechanically
vi bratabl e nmenbrane; and an adhesion pronoter |ayer applied between at

| east one surface of Whergindhefsorer AR HECPFHIREY| ve | ayer. 18. The device
according to claim 17, wherein the adhesion pronotor |ayer includes

per f1uorodecy)t fd et bﬁ)é Xé\iiccla@&?dinét% claim 15, wherein the protective layer has a thickness less

than S000A.

17. A device for implantation at an anatomical location inside a body, comprising:
a sensor having a mechanically vibratable membrane;

a protective layer which has a thickness less than 5000A, formed from a
polytetrafluoroethylene material and deposited on at least the mechanically vibratable

membrane; and

an adhesion promoter layer applied between at least one surface of the sensor

and the protective layer.

18.  The device according to claim 17, wherein the adhesion promotor layer includes

perfluorodecyltriethoxysilane.
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