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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to the
field of resonating sensors in general and to methods for
protecting resonating sensors from deposition of extra-
neous materials or tissues and protected resonating sen-
sors in particular.

BACKGROUND OF THE INVENTION

[0002] US 5,989,190 discloses a passive sensor sys-
tem utilizing ultrasonic energy, comprising at least one
wireless passive ultrasonically vibratable sensor having
at least one vibration frequency which is a function of a
physical variable to be sensed, said physical variable be-
ing selected from the concentration of a chemical in a
medium contacting said at least one passive sensor, and
the thickness of a layer of substance contacting said at
least one sensor, and an ultrasonic activation and detec-
tion system for exciting said at least one sensor and for
detecting said at least one vibration frequency, to deter-
mine a value of said physical variable.
[0003] US 5,212,988 discloses an ultrasonic sensor
comprising a composite structure, electrical means cou-
pled to a thin planar sheet of a propagation medium for
producing Lamb waves in the propagation medium, out-
put means on the sheet for producing electrical signal
representative of the determined propagation character-
istics of the Lamb waves propagating along the propa-
gation medium, and measuring means for measuring se-
lected characteristics of the electrical signal.
[0004] US 5,997,477 discloses an apparatus for imag-
ing an element within a tissue, comprising an image sig-
nal transmitter, a driving signal transmitter, a receiver,
and a processor adapted to be coupled to the receiver
for receiving a resonance echo signal and processing at
least one of the amplitude and the power of the resonance
echo signal to provide a perceptible signal representative
of the element.
[0005] Methods, devices and systems, using resonat-
ing sensors for determining the values of various physical
parameters in a measurement environment are well
known in the art. For example, methods systems and
devices for using ultrasonically activated passive sen-
sors for sensing and measuring the values of different
physical parameters within a human body or in other en-
vironments and scientific and industrial applications,
have been described. U.S. Patent 5,619,997 to Kaplan
discloses a passive sensor system using ultrasonic en-
ergy.
[0006] An ultrasonic activation and detection system
ultrasonically activates passive sensors having vibrata-
ble parts (such as vibratable beams or vibratable mem-
branes) which sensor(s) may be implanted in a body or
disposed in other environments, by directing a beam of
ultrasound at the passive sensor or sensors. The acti-

vated passive sensor(s), or vibratable parts thereof, vi-
brate or resonate at a frequency that is a function of the
value of the physical variable to be measured. The pas-
sive sensors thus absorb ultrasonic energy from the ex-
citing ultrasonic beam at the frequency (or frequencies)
of the exciting ultrasonic beam. The amplitude of vibra-
tion of a vibratable part of such a passive sensor is max-
imal when the frequency of the exciting ultrasonic beam
is identical to the resonance frequency of the vibratable
sensor part (such as, for example a vibratable membrane
or a vibratable beam included in the passive sensor). The
frequency (or frequencies) at which the passive sensor
absorbs and/or emits energy may be detected by a suit-
able detector and used to determine the value of the
physical parameter.
[0007] The physical parameters measurable with such
passive ultrasonic sensors may include, but are not lim-
ited to, temperature, pressure, a concentration of a chem-
ical species in the fluid or medium in which the sensor is
immersed or disposed, and the like.
[0008] If the exciting ultrasonic beam is pulsed, the ul-
trasonic sensor may continue to vibrate after the excita-
tion beam is turned off. The ultrasonic radiation emitted
by the activated passive sensor after turning the exciting
ultrasonic beam off may be detected and used to deter-
mine the value of the physical parameter of interest.
[0009] Since more than one physical variable may in-
fluence the vibration frequency of passive sensors, a cor-
rection may be needed in order to compensate for the
effects of other physical parameters unrelated to the
physical parameter which needs to be determined on the
measured sensor vibration frequency. For example, if
pressure is the physical parameter to be determined,
changes in temperature may affect the vibration frequen-
cy of the sensor. U.S. Patents 5,989,190 and 6,083,165
to Kaplan disclose compensated sensor pairs and meth-
ods for their use for compensating for the effects of un-
related different physical variables on the determined val-
ue of another physical variable which is being deter-
mined. For example, such compensated sensor pairs,
may be used for compensating for inaccuracies in pres-
sure measurements due to temperature changes.
[0010] U.S. Patent 6,331,163 to Kaplan discloses im-
plantable passive sensors having a protective coating,
and various types of sensor positioners or sensor an-
choring devices. Such sensors may be used, inter alia,
for measuring intraluminal blood pressure by intraluminal
implantation of the sensor(s).
[0011] Co-pending U.S. Patent Application Serial no.
10/828,218 to Girmonski et al. entitled "METHODS AND
DEVICES FOR DETERMINING THE RESONANCE
FREQUENCY OF PASSIVE MECHANICAL RESONA-
TORS" filed on April 21, 2004, now US published appli-
cation number 20040211260A1 discloses, inter alia,
methods, resonating sensors and systems, that use a
Doppler shift based method for determining the reso-
nance frequency of passive resonators. The methods,
sensors and systems, may be applied, inter alia, for sens-
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ing pressure or other physical parameters in a measure-
ment environment, such as, but not limited to the in-vivo
measurement of blood pressure within a part of a cardi-
ovascular system.
[0012] While all the above examples are related to pas-
sive resonating ultrasonic sensors, many other types of
resonating sensors including both active and passive
sensors are known in the art for measurement of various
different physical parameters. Such sensors have in
common the use of one or more resonating vibratable
structures or parts, such as, for example vibratable mem-
branes or beams or the like, which may be passively or
actively vibrated. The resonance frequency of the reso-
nating structure of such sensors changes as a function
of the physical variable to be determined and may be
sensed or measured in various different ways and used
to determine the value of the physical variable. Examples
of such sensors are the active ultrasonic sensor dis-
closed in U.S. Patent 6,461,301 to Smith. Additional sen-
sor types are disclosed in U.S. Patent 6,312,380 to Hoek
et al.
[0013] A common problem when resonating sensors
such as, but not limited to, the sensors described above
are implanted within a living body is the deposition of
tissue or other materials of biological origin on the sensor
or on parts thereof. For example, various substances or
living cells may attach to the surface of the resonating
sensor or to various parts thereof and adjacent tissues
may cause the deposition of a layer or film of material
and/or cells, and/or tissues on the sensor’s surface. The
deposition of tissues or other biological materials on the
vibratable part of the sensor, such as (but not limited to)
the vibratable membrane of a passive (or active) reso-
nating sensor may cause changes in the vibratable mem-
brane (or the other vibratable part) resonance character-
istics such as, inter alia, the resonance frequency, sen-
sitivity to stress, and vibration amplitude of the vibratable
membrane. Such changes may adversely affect the sen-
sor’s performance and the accuracy of the determination
of the physical variable which is to be determined.
[0014] Similarly, when a resonating sensor is disposed
within a fluid or gas or other medium or measurement
environment which contains various substances (such
as, for example, within a chemical reaction mixture in a
reactor or in a measurement environment containing
sprays or aerosols or the like), deposition of liquid or solid
material or particles on the vibratable part of the resonat-
ing sensor may similarly affect the resonance character-
istics of the vibratable part of the sensor with similar ad-
verse effects on the sensor’s performance.
[0015] The invention is a disclosed in the appended
set of claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention is herein described, by way of
example only, with reference to the accompanying draw-
ings, in which like components are designated by like

reference numerals, wherein:

Fig. 1 is a schematic cross-sectional view illustrating
a protected passive ultrasonic pressure sensor hav-
ing multiple vibratable membranes, in accordance
with an embodiment of the present invention;
Fig. 2 is a schematic cross-sectional view illustrating
a protected passive ultrasonic pressure sensor en-
closed in a housing, in accordance with an additional
embodiment of the present invention;
Fig. 3 is a schematic cross-sectional view illustrating
a protected ultrasonic pressure sensor including two
different passive ultrasonic sensor units disposed
within a single protective housing, in accordance with
an additional embodiment of the present invention;
Fig. 4 is a schematic cross-sectional view illustrating
part of a protected sensor constructed using a sensor
anchoring device or another implantable graft or im-
plantable device, in accordance with an additional
embodiment of the present invention;
Fig. 5 is a schematic cross-sectional view illustrating
part of a protected sensor having multiple sealed
chambers constructed within a sensor anchoring de-
vice or implantable graft or implantable device, in
accordance with another embodiment of the present
invention;
Fig. 6 is a schematic cross-sectional view illustrating
a protected passive ultrasonic pressure sensor hav-
ing a single vibratable membrane, in accordance
with an embodiment of the present invention;
Fig. 7 is a schematic cross-sectional view illustrating
a protected passive ultrasonic pressure sensor with
multiple vibratable membranes having multiple
sealed chambers formed within a spacer, in accord-
ance with yet another embodiment of the present
invention;
Fig. 8 is a schematic part cross-sectional diagram
illustrating a general form of a protected resonating
sensor in accordance with an embodiment of the
present invention;
Fig. 9 is a schematic cross-sectional diagram illus-
trating a protected pressure sensor including a me-
chanically compliant member having a corrugated
portion, in accordance with an embodiment of the
present invention;
Fig. 10 is a schematic cross-sectional diagram illus-
trating a protected pressure sensor including a me-
chanically compliant member having a corrugated
portion, in accordance with another embodiment of
the present invention;
Fig. 11 is a schematic cross-sectional view illustrat-
ing a gel protected passive ultrasonic pressure sen-
sor having multiple vibratable membranes, in ac-
cordance with an embodiment of the present inven-
tion;
Fig. 12 is a schematic cross-sectional view illustrat-
ing a protected passive ultrasonic pressure sensor
disposed in an open housing and protected by a gel,
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in accordance with another embodiment of the
present invention;
Fig. 13 is a schematic cross-sectional view illustrat-
ing a protected ultrasonic pressure sensor including
two different passive ultrasonic sensor units dis-
posed within a single protective housing and covered
with a gel, in accordance with another embodiment
of the present invention;
Fig. 14 is a schematic cross-sectional view illustrat-
ing part of an open gel-protected sensor constructed
using a sensor anchoring device or an implantable
graft or implantable device, in accordance with an
additional embodiment of the present invention;
Fig. 15 is a schematic cross-sectional view illustrat-
ing part of a gel-protected sensor having multiple
open gel-filled chambers and constructed within a
sensor anchoring device or an implantable graft or
an implantable device, in accordance with another
embodiment of the present invention;
Fig. 16 is a schematic cross-sectional view illustrat-
ing an open gel-protected passive ultrasonic pres-
sure sensor having a single vibratable membrane,
in accordance with an embodiment of the present
invention;
Fig. 17 is a schematic cross-sectional view illustrat-
ing a multi-membrane passive ultrasonic pressure
sensor completely embedded in a body of protecting
gel, in accordance with yet another embodiment of
the present invention; and
Fig. 18 is a schematic cross-sectional diagram illus-
trating a gel-protected passive resonating pressure
sensor in accordance with another embodiment of
the present invention.

SUMMARY OF THE INVENTION

[0017] There is therefore provided, in accordance with
an embodiment of the present invention, a protected res-
onating sensor. The protected sensor includes one or
more resonating sensor units. Each sensor unit of the
resonating sensor unit(s) has at least one vibratable
member having a resonance frequency that varies as a
function of a physical variable in a measurement envi-
ronment. The protected sensor also includes at least one
body of gel in contact with the vibratable member(s) of
the resonating sensor unit(s).
[0018] Furthermore, in accordance with an embodi-
ment of the present invention, the one or more resonating
sensor units are embedded in the at least one body of gel.
[0019] Furthermore, in accordance with an embodi-
ment of the present invention, the at least one body of
gel completely covers all the vibratable members includ-
ed in the resonating sensor unit(s).
[0020] Furthermore, in accordance with an embodi-
ment of the present invention, the gel is selected from a
synthetic gel, a natural gel, a hydrogel, a lipogel, a hy-
drophobic gel, a hydrophilic gel, a biocompatible gel, a
hemocompatible gel, a polymer based gel, a cross-linked

polymer based gel and combinations thereof.
[0021] Furthermore, in accordance with an embodi-
ment of the present invention, the protected sensor fur-
ther includes a housing.
[0022] Furthermore, in accordance with an embodi-
ment of the present invention, the gel at least partially
fills the housing.
[0023] Furthermore, in accordance with an embodi-
ment of the present invention, the at least one body of
gel comprises at least one thin layer of gel attached to
the at least one vibratable member of the resonating sen-
sor unit(s).
[0024] Furthermore, in accordance with an embodi-
ment of the present invention, the resonating sensor unit
(s) are disposed within at least one open chamber.
[0025] Furthermore, in accordance with an embodi-
ment of the present invention, the at least one chamber
is at least one chamber formed within a sensor anchoring
device, or is at least one chamber comprising part of a
sensor anchoring device.
[0026] Furthermore, in accordance with an embodi-
ment of the present invention, the sensor anchoring de-
vice is selected from a sensor anchor, a sensor position-
er, an implantable graft, a sensor fixating device, an im-
plant, an implantable device, an implantable graft, a part
of an implantable device, a pacemaker, a part of a pace-
maker, a defibrillator, a part of a defibrillator, an implant-
able electrode, an insertable electrode, an endoscopic
device, a part of an endoscopic device, an autonomous
endoscopic device, a part of an autonomous endoscopic
device, a tethered endoscopic device, a part of a tethered
endoscopic device, an implantable catheter, an inserta-
ble catheter, a stent, a part of a stent, a guide-wire, a part
of a guide-wire, an implantable therapeutic substance
releasing device, and an insertable therapeutic sub-
stance releasing device.
[0027] Furthermore, in accordance with an embodi-
ment of the present invention, the resonating sensor unit
(s) may be selected from a passive sensor unit , an active
sensor unit, a passive resonating sensor unit , an active
resonating sensor unit, a pressure sensor, a passive ul-
trasonic pressure sensor, an active ultrasonic pressure
sensor, and a sensor for sensing the concentration of a
chemical species in a measurement environment
[0028] Furthermore, in accordance with an embodi-
ment of the present invention, at least one resonating
sensor unit of the one or more resonating sensor units
includes a substrate having one or more recesses formed
therein, and a second layer sealingly attached to the sub-
strate to form one or more sealed sensor unit chambers
within the at least one resonating sensor unit.
[0029] Furthermore, in accordance with an embodi-
ment of the present invention, the at least one vibratable
member of the at least one resonating sensor unit is se-
lected from at least one vibratable member comprising
a portion of said substrate, and at least one vibratable
member comprising a portion of the second layer over-
lying the recess(es).
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[0030] Furthermore, in accordance with an embodi-
ment of the present invention, each sealed sensor unit
chamber of the one or more sealed sensor unit chambers
has a pressure level therewithin.
[0031] Furthermore, in accordance with an embodi-
ment of the present invention, the pressure level is a zero
pressure level or a non-zero pressure level.
[0032] Furthermore, in accordance with an embodi-
ment of the present invention, the protected sensor in-
cludes a first resonating sensor unit having one or more
sealed sensor unit chambers and at least a second res-
onating sensor unit having one or more sealed sensor
unit chambers, and the pressure level within at least one
sealed sensor unit chamber of the first resonating sensor
unit is different than the pressure level within at least one
sealed sensor unit chamber of the at least second reso-
nating sensor unit.
[0033] Furthermore, in accordance with an embodi-
ment of the present invention, the one or more resonating
sensor units are passive ultrasonic pressure sensor unit
(s) having a single vibratable membrane, or passive ul-
trasonic pressure sensor unit(s) having multiple vibrata-
ble membranes.
[0034] Furthermore, in accordance with an embodi-
ment of the present invention, the protected sensor is an
implantable protected sensor.
[0035] Furthermore, in accordance with an embodi-
ment of the present invention, one or more of the com-
ponents of the implantable protected sensor includes one
or more materials selected from biocompatible materials
and hemocompatible materials.
[0036] Furthermore, in accordance with an embodi-
ment of the present invention, the protected sensor is
configured for implantation within a measurement envi-
ronment. The measurement environment may be an eye,
a urether, a cardiac chamber, a cardiovascular system,
a part of a cardiovascular system, an annurismal sac
after endovascular repair, a spine, an intervertebral disc,
a spinal cord, a spinal column, an intracranial compart-
ment, an intraluminal space of a blood vessel, an artery,
a vein, an aorta, a pulmonary blood vessel, a carotid
blood vessel, a brain blood vessel, and a coronary artery,
a femoral artery, an iliac artery, a hepatic artery, a renal
artery and a vena cava.
[0037] Furthermore, in accordance with an embodi-
ment of the present invention, at least part of the surface
of the protected sensor is a modified surface having mod-
ified surface properties.
[0038] Furthermore, in accordance with an embodi-
ment of the present invention, the modified surface prop-
erties may be physical surface properties, chemical sur-
face properties, electrochemical surface properties, bio-
logical surface properties, surface resistance to deposi-
tion of cells or tissues thereon, rheological surface prop-
erties, and any combinations thereof.
[0039] Furthermore, in accordance with an embodi-
ment of the present invention, the modified surface is a
chemically treated surface.

[0040] Furthermore, in accordance with an embodi-
ment of the present invention, the modified surface is a
surface of the gel.
[0041] Furthermore, in accordance with an embodi-
ment of the present invention, the protected sensor also
includes at least one non-resonating sensor unit.
[0042] Furthermore, in accordance with an embodi-
ment of the present invention, the gel may include at least
one releasable substance.
[0043] Furthermore, in accordance with an embodi-
ment of the present invention, the releasable substance
(s) may be selected from the group consisting of a protein,
a peptide, a drug, a therapeutic agent, a polysaccharide,
a lipid, a glycolipid, a lipoprotein, a glycoprotein, a pro-
teoglycans, an extracellular matrix component, a nucleic
acid, a polynucleotide, RNA, DNA, an anti-sense nucleic
acid sequence, a receptor, an enzyme, an antibody, an
antigen, an enzyme inhibitor, a cell proliferation inhibitor,
a growth regulating factor, a growth inhibiting factor, a
growth promoting factor, an anti-coagulant agent, an anti-
clotting agent, a tumor inhibiting drug, a tumor inhibiting
factor, a tumor suppressing agent, an anti-cancer drug,
and any combinations thereof.
[0044] Furthermore, in accordance with an embodi-
ment of the present invention, the gel comprises a sub-
stantially non-compressible gel.
[0045] Furthermore, in accordance with an embodi-
ment of the present invention, the gel comprises a gel
having a composition capable of retarding or reducing
the diffusion of one or more substances into the gel.
[0046] Furthermore, in accordance with an embodi-
ment of the present invention, the gel comprises a gel
having a composition capable of retarding or reducing
the deposition of one or more substances onto the vibrat-
able member(s) of the resonating sensor unit(s).
[0047] There is also provided, in accordance with an
embodiment of the present invention, a protected sensor
including at least one resonating sensor unit. Each sen-
sor unit of the at least one resonating sensor unit has at
least one vibratable member having a resonance fre-
quency that varies as a function of a physical variable in
a measurement environment. At least one vibratable
member of the resonating sensor unit(s) is protected by
a gel attached thereto.
[0048] There is also provided, in accordance with an
embodiment of the present invention, a method for con-
structing a protected a resonating sensor. The method
includes the step of providing one or more resonating
sensor units, each sensor unit of the one or more reso-
nating sensor units has at least one vibratable member
having a resonance frequency that varies as a function
of a physical variable in a measurement environment.
The method also includes the step of attaching at least
one body of gel to the resonating sensor unit(s).
[0049] Furthermore, in accordance with an embodi-
ment of the present invention, the step of attaching com-
prises covering all the vibratable members of the reso-
nating sensor unit(s) with the gel.
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[0050] Furthermore, in accordance with an embodi-
ment of the present invention, the step of attaching com-
prises applying a liquefied gel to cover at least the vibrat-
able member(s) of the resonating sensor unit(s) with the
liquefied gel, and allowing the liquefied gel to solidify.
[0051] Furthermore, in accordance with an embodi-
ment of the present invention, the liquefied gel is obtained
by heating a liquefiable gel.
[0052] Furthermore, in accordance with an embodi-
ment of the present invention, the step of attaching com-
prises applying a liquid comprising at least one gel pre-
cursor to cover at least the vibratable members of the
resonating sensor unit(s) with the liquid, and allowing
said the gel to form from the liquid.
[0053] Furthermore, in accordance with an embodi-
ment of the present invention, the gel precursor(s) com-
prise at least one monomer capable of being polymerized
to form the gel.
[0054] Furthermore, in accordance with an embodi-
ment of the present invention, the step of attaching com-
prises embedding the resonating sensor unit(s) within at
least one body of gel.
[0055] Furthermore, in accordance with an embodi-
ment of the present invention, the step of attaching com-
prises completely embedding or partially embedding the
resonating sensor unit(s) in at least one body of gel at-
tached to a surface.
[0056] Furthermore, in accordance with an embodi-
ment of the present invention, the surface is selected
from, a surface of a sensor housing, a surface of a sensor
anchoring device, a surface of an implantable graft, a
surface of an implantable device, a surface of an implant,
a surface of an insertable device, and a surface of an
enclosure surrounding a measurement environment
[0057] Furthermore, in accordance with an embodi-
ment of the present invention, the acoustic impedance
of the gel is close to or equal to the acoustic impedance
of a medium contained in a measurement environment
in which the protected sensor is disposed.
[0058] Furthermore, in accordance with an embodi-
ment of the present invention, the protected sensor is an
implantable protected sensor configured for implantation
within an organism and the acoustic impedance of the
gel is close to or equal to the acoustic impedance of at
least one tissue or bodily fluid of the organism.
[0059] Furthermore, in accordance with an embodi-
ment of the present invention, the step of attaching com-
prises disposing the resonating sensor unit(s) in a hous-
ing, at least partially filling the housing with a liquid com-
prising at least one gel precursor to cover at least a vi-
bratable member of the resonating sensor unit(s) with
the liquid, and allowing the gel to form from the liquid.
[0060] Furthermore, in accordance with an embodi-
ment of the present invention, the protected resonating
sensor also includes at least one non-resonating sensor
unit, and the step of attaching comprises attaching the
non-resonating sensor unit(s) to the at least one body of
gel.

[0061] Furthermore, in accordance with an embodi-
ment of the present invention, the method further in-
cludes the step of treating at least part of the surface of
the protected sensor for modifying the surface properties
of thereof.
[0062] Furthermore, in accordance with an embodi-
ment of the present invention, the step of treating is per-
formed on the gel to change the surface properties there-
of.
[0063] Furthermore, in accordance with an embodi-
ment of the present invention, the surface properties
modified by the step of treating are selected from physical
surface properties, chemical surface properties, electro-
chemical surface properties, biological surface proper-
ties, surface resistance to deposition of cells or tissues
thereon, rheological surface properties, and any combi-
nations thereof
[0064] Furthermore, in accordance with an embodi-
ment of the present invention, the step of treating com-
prises chemically treating at least part of the surface of
the protected sensor for modifying the surface properties
thereof.
[0065] Furthermore, in accordance with an embodi-
ment of the present invention, the method further in-
cludes the step of incorporating at least one releasable
substance in the gel.
[0066] Furthermore, in accordance with an embodi-
ment of the present invention, the at least one releasable
substance is selected from the group consisting of a pro-
tein, a peptide, a drug, a therapeutic agent, a polysac-
charide, a lipid, a glycolipid, a lipoprotein, a glycoprotein,
a proteoglycans, an extracellular matrix component, a
nucleic acid, a polynucleotide, RNA, DNA, an anti-sense
nucleic acid sequence, a receptor, an enzyme, an anti-
body, an antigen, an enzyme inhibitor, a cell proliferation
inhibitor, a growth regulating factor, a growth inhibiting
factor, a growth promoting factor, an anti-coagulant
agent, an anti-clotting agent, a tumor inhibiting drug, a
tumor inhibiting factor, a tumor suppressing agent, an
anti-cancer drug, and any combinations thereof
[0067] Furthermore, in accordance with an embodi-
ment of the present invention, the step of incorporating
comprises adding the at least one releasable substance
to the gel prior to disposing the gel in the protected sen-
sor.
[0068] Furthermore, in accordance with an embodi-
ment of the present invention, the step of adding is se-
lected from, adding the at least one releasable substance
to a liquid gel precursor, and adding the at least one re-
leasable substance to a liquefied gel.
[0069] Furthermore, in accordance with an embodi-
ment of the present invention, the step of incorporating
comprises introducing the at least one releasable sub-
stance to the gel after disposing the gel in said protected
sensor.
[0070] Furthermore, in accordance with an embodi-
ment of the present invention, the step of introducing
comprises diffusing the at least one releasable substance
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into the gel.
[0071] Furthermore, in accordance with an embodi-
ment of the present invention, the diffusing comprises
incubating the protected sensor in a solution comprising
the at least one releasable substance.
[0072] There is also provided, in accordance with an
embodiment of the present invention, a method for con-
structing a protected a resonating sensor. The method
includes the steps of: providing one or more resonating
sensor units, each sensor unit of the resonating sensor
unit(s) has at least one vibratable member having a res-
onance frequency that varies as a function of a physical
variable in a measurement environment, and covering
the at least one vibratable member of the one or more
resonating sensor units with a gel.
[0073] There is also provided, in accordance with an
embodiment of the present invention, a method for con-
structing a protected a resonating sensor. The method
includes the steps of: providing one or more resonating
sensor units, each sensor unit of the resonating sensor
unit(s) has at least one vibratable member having a res-
onance frequency that varies as a function of a physical
variable in a measurement environment, and providing
a gel in contact with said at least one vibratable member
of said one or more resonating sensor units.
[0074] There is also provided, in accordance with an
embodiment of the present invention, a method for pro-
tecting a resonating sensor unit having one or more vi-
bratable members. The method includes the step of cov-
ering at least the one or more vibratable members of the
sensor unit with a gel.
[0075] There is also provided, in accordance with an
embodiment of the present invention, a method for pro-
tecting a resonating sensor unit having one or more vi-
bratable members. The method includes the step of cov-
ering at least one vibratable member of the sensor unit
with a gel.

DETAILED DESCRIPTION OF THE INVENTION

[0076] The present invention discloses novel resonat-
ing sensors in which the vibratable part of the sensor is
protected from deposition of undesirable materials or
cells or tissues or other undesirable deposits, and meth-
ods for constructing such protected sensors.
[0077] In accordance with one possible embodiment
of the present invention, the vibratable resonating part
or parts of the resonating sensor are protected by using
a protective compliant membrane coupled to the vibrat-
able part(s) of the sensor(s) by a non-compressible me-
dium. For the purposes of the present application, the
term non-compressible medium defines any suitable
substantially non-compressible liquid or any suitable
substantially non-compressible gel. The physical varia-
ble to be measured (such as, but not limited to, pressure
and temperature) is transferred to the vibratable part(s)
of the resonating sensor with minimal attenuation while
the compliant membrane prevents the accumulation or

deposition of extraneous substances on the vibratable
part of the sensor.
[0078] In accordance with another possible embodi-
ment of the present invention, the vibratable resonating
part or parts of the resonating sensor unit(s) may be pro-
tected by covering or coating the vibratable part(s) of the
sensor(s) with a body or a layer of gel. Since such pro-
tected sensors do not have a compliant member, and at
least part of the gel is in direct contact with the medium
disposed in the measurement environment, this type of
sensors may be referred to as "open protected sensors".
As disclosed in detail hereinafter, the body of gel or the
layer of gel for protecting the vibratable (resonating) part
(s) of the sensor may be attached to the resonating part
(s) of the sensor(s) or sensor_unit(s) using any method
known in the art for gel forming, including, but not limited
to casting, coating, dipping, gel polymerization and/or
cross-linking, or the like. Alternatively the entire sensor
(including one or more resonating sensor units) may be
embedded or partially embedded in a body of gel. Gen-
erally, any suitable method for forming a gel may be used
as is known in the art. The physical variable to be meas-
ured (such as, but not limited to, pressure and tempera-
ture) is transferred to the vibratable part(s) of the reso-
nating sensor with minimal attenuation while the body of
gel or the layer of gel prevents the accumulation or dep-
osition of extraneous substances on the vibratable part
of the sensor. Preferably (but not obligatorily), in open
protected resonating pressure sensors, the gel may be
a substantially non-compressible gel. Other open reso-
nating sensors (such as, but not limited to, protected res-
onating temperature sensors, protected resonating sen-
sors for determining the concentration of a chemical spe-
cies, and the like) may use compressible gels.
[0079] The open protected sensors of the present in-
vention may include passive and/or active resonating
sensor unit(s) that are interrogated by sonic or ultrasonic
energy. The open protected sensors of the present in-
vention may also include any other type of passive or
active sensor unit or units (which may or may not be
resonating sensor unit or units) known in the art, provided
that their operation is not undesirably affected by the gel
used in the protected sensor.
[0080] It is noted that, while most of the particular ex-
amples described in detail hereinafter and illustrated in
the drawing figures are adapted for passive ultrasonic
resonating sensors, the method of protection of a reso-
nating sensor may be similarly applied to any type of
resonating sensors including resonating parts which may
be detrimentally affected by the deposition or accumula-
tion of extraneous substance(s) or material(s) or tissues
or cells on the surface of the resonating part of the sensor.
Thus, the method of protection of resonating sensors of
the present invention is a general method and may be
applied to many different types of resonating sensors,
such as, but not limited to, active or passive acoustic
resonating sensors, active or passive ultrasonic sensors,
active or passive optically interrogated sensors, capaci-
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tive resonating sensors, active resonating sensors hav-
ing an internal energy source or coupled to an external
energy source by wire or wirelessly, or the like, as long
as the sensors is interrogated using sonic energy.
[0081] Thus, as will be appreciated by those skilled in
the art, the methods of protecting resonating sensors dis-
closed herein may be applied to any suitable type of res-
onating sensor known in the art which has one or more
resonators or resonating parts exposed to a measure-
ment environment or medium (see Fig. 8 for a schematic
illustration of a protected resonating sensor).
[0082] Reference is now made to Fig. 1 which is a
schematic cross-sectional view of a protected passive
ultrasonic pressure sensor having multiple vibratable
membranes, in accordance with an embodiment of the
present invention.
[0083] The protected sensor 10 may include a sensor
unit 82. The sensor unit 82 may include a first recessed
substrate layer 12 and a second layer 14 sealingly at-
tached to the first recessed layer 12. The first recessed
layer 12 has a plurality of recesses 16 formed therein.
While only three recesses 16 are shown in the cross-
sectional view of Fig. 1, the protected sensor 10 may be
designed to include any practical number of recesses
(such as for example, one recess, two recesses, three
recesses or more than three recesses 16). For example,
the protected sensor 10 may include nine recesses 16
arranged three rows having three recesses per row (not
shown in Fig. 1).
[0084] The first recessed substrate layer 12 and the
second layer 14 may be made from any suitable material
such as, but not limited to, a metal, silicon, Pyrex®, boron
nitride, glass, or the like. Preferably (but not obligatorily),
the first substrate layer 12 is made from a material such
as silicon, Pyrex® or another suitable material that is
amenable to machining using standard lithography meth-
ods known in the art (such as, for example, the forming
of the recesses 16 in the first substrate layer 12 using
conventional masking, photoresist application and etch-
ing methods, and the like). However, other machining or
micromachining, or processing methods known in the art
may also be used with appropriate selection of other de-
sired materials for constructing the sensor units of the
present invention.
[0085] The second layer 14 is sealingly attached or
glued or affixed to the first layer 12 to form a plurality of
sealed sensor unit chambers 17. As disclosed herein-
above, while the cross-sectional view of Fig. 1 shows
only three sealed sensor unit chambers 17, there may or
may not be more than three sealed sensor unit chambers
in the protected sensor 10. For example, the protected
sensor 10 may include nine sealed sensor unit chambers
17 arranged three rows each row having three chambers
per row, in an arrangement similar to the multi-membrane
sensor disclosed in detail in Figs. 2 and 3 of U.S. Patent
Application to Girmonsky et al., Serial No.10/828,218,
now US published application number 20040211260A1.
The parts labeled.14A, 14B and 14C of the second layer

14 lying above the recesses 16 represent the vibratable
membranes 14A, 14B and 14C of the protected sensor
10.
[0086] The protected sensor 10 may also include a
spacer 18 attached to the sensor unit 82. The spacer 18
may be made from a rigid material such as, but not limited
to, a metal, silicon, boron nitride, glass, or a polymer
based material such as SU8® epoxy based photoresist
(commercially available from MicroChem Corp., MA,
U.S.A), or the like.
[0087] While the spacer 18 is shown as a separate
component sealingly attached or glued to the second lay-
er 14 of the sensor unit 82, in other possible embodiments
the spacer 18 may be formed as a part of the second
layer 12, or as a part of the first recessed layer 12. The
protected sensor 10 also includes a compliant member
20 sealingly attached to the spacer 18 to form a sealed
chamber 22 (by using a suitable glue or any other suitable
method known in the art for sealingly attaching the com-
pliant member 20 to the spacer 18). The compliant mem-
ber 20 may be made from a thin membrane that has a
high compliance. For example, in accordance with one
implemented embodiment of the present invention, the
compliant member 20 may be a Kapton® membrane hav-
ing a thickness of about nine micrometers.
[0088] It is noted that when selecting the material from
which the compliant member 20 is made, care should be
taken to ensure that the acoustic impedance of the se-
lected material (for propagation of ultrasound) is matched
to the acoustic impedance of the medium 24, and to the
acoustic impedance of the material or medium or tissue
in which the sensor is disposed. This matching may pre-
vent excessive reflection of ultrasound at the interface
between the medium in the measurement environment
and the compliant member 20 and at the interface be-
tween the compliant member 20 and the medium 24.
While it may not always be possible to obtain the best
impedance match for each and every application due to
practical constraints in the choice of the material(s) form-
ing the non-compressible medium 24 and the compliant
member 20 and compromises may have to be made,
such impedance matching should be carefully consid-
ered in the design and implementation of the protected
sensors of the present invention in order to improve sen-
sor performance.
[0089] In accordance with additional embodiments of
the present invention, the compliant member 20 may also
be made from suitable Polyurethane rubbers, such as,
but not limited to 6400 Polyurethane rubber or 6410 Poly-
urethane rubber, commercially available from Ren Plas-
tics, USA. The compliant member 20 may also be made
from RTV60 commercially available from GE Corpora-
tion, USA. In implantable sensors, when RTV 60 is used,
the RTV 60 may preferably be mixed with 1% (by weight)
of tungsten powder ( of approximately 1 micron mean
particle size) to adjust the acoustic impedance of the
compliant member 20 to a value of approximately
1.5-1.54 Mrayls (Mrayl = 106 rayl), which is close to the
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acoustic impedance of some tissues. However, this
acoustic impedance value range is not limiting and other
different values of acoustic impedance of the compliant
member 20 may also be acceptable, depending, inter
alia on the specific application, and the detection sys-
tem’s sensitivity. In accordance with other embodiments
of the invention, for sensors configured to be implanted
in mammals or humans, the compliant member 20 may
be preferably made of Echothane CPC-41 or_Echothane
CPC-29, both commercially available from Emerson
Cummings, 604 W 182nd St., Gardena, CA, USA. These
materials have acoustic impedance values (in the ultra-
sound range) which exhibit an acceptable match to the
acoustic impedance of water (in a sensor in which water
is used as the medium 24) and tissue.
[0090] It is, however, noted that the compliant member
20 may be made from or may include any other suitable
highly compliant materials known in the art, and the thick-
ness and/or dimensions and/or composition of the com-
pliant member 20 may be varied according to, inter alia,
the sensor’s specific design, the desired sensor perform-
ance, the medium in which the sensor is disposed during
measurement, the pressure and temperature ranges
within which the sensor needs to be operated, and other
manufacturing and construction parameters and consid-
erations.
[0091] The sealed chamber 22 may be filled with a
non-compressible medium 24. The non-compressible
medium 24 may be a substantially non-compressible liq-
uid, such as but not limited to water or may be any other
suitable substantially non-compressible liquid known in
the art, such as, but not limited to, suitable silicon oil
formulations, or the like. The non-compressible medium
24 may also be a suitable substantially non-compressible
gel, such as, but not limited to, gelatin, agarose, a natu-
rally occurring gel, a polymer based synthetic gel, a
cross-linked polymer based gel, a hydrogel, or any other
suitable type of gel known in the art. In certain applica-
tions, the protected sensor may need to be sterilized,
such as, for example, in sensors that need to be implant-
ed in a living body, or in sensors that are to be placed in
sterile environments, such as in bioreactors or the like.
In such applications, the medium 24 may be (but is not
limited to) low vapor pressure liquids such as the Dow
Corning 710(R) Silicon Fluid, commercially available
from Dow Corning Inc., U.S.A. In other applications, the
medium 24 may be a liquid such as a mixture of Fluorinert
FC40 fluid and Fluorinert FC 70 fluid (about 60:40 by
volume), both fluids are commercially available from 3M
corporation, USA, or other suitable mixtures having dif-
ferent ratios of these fluids, or similar suitable Fluorinert
fluids or mixtures thereof.
[0092] The use of low viscosity low vapor pressure liq-
uids may be advantageous in such applications requiring
sensor sterilization and in other applications types, be-
cause if one uses heat to sterilize the protected sensor,
the use of low vapor pressure liquids as the medium 24
avoids the developing of a high pressure within the sealed

chamber 22 and subsequent rupture of the compliant
member 20. For similar reasons, the use of low vapor-
pressure liquids or gels may be advantageous in appli-
cations in which the sensor is placed in a high tempera-
ture environment, to avoid rupture of the compliant mem-
ber 20.
[0093] In applications in which the sensor is sterilized
using gas phase chemical sterilization requiring exposing
the sensor to a sterilizing gas under low pressure condi-
tions it may also be preferred to use a low-vapor pressure
medium within the sealed chamber 22 to prevent rupture
of the compliant member 20.
[0094] The compliant member 20 may be designed
and constructed such that it’s resonance frequency is
sufficiently low compared to the frequency range within
which the vibratable membranes (such as, for example,
the vibratable membranes 14A, 14B and 14C of the pro-
tected sensor 10) vibrate within the working pressure
range of the protected sensor 10, to avoid the affecting
of the measured signal by frequencies associated with
vibrations of the compliant member 20.
[0095] Generally, the composition of the compliant
member 20 should be adapted to the application by se-
lecting a material that is suitably chemically resistant to
the medium (gas or liquid) within the measurement en-
vironment to avoid excessive degradation or corrosion
of the compliant member 20. In sensors that are designed
to be implanted within a body in-vivo, the compliant mem-
ber 20 is preferably made from (or covered with or coated
with) a biocompatible material. It is noted that while
Echothane - CPC-41 or Echothane - CPC-29 disclosed
hereinabove may be suitable sufficiently compliant and
biocompatible materials for implementing the compliant
member 20, other different materials may also be used
to construct the compliant member 20, such as, but not
limited to, polymer based materials, biocompatible poly-
mers, polyurethane, ethyl vinyl acetate based polymers,
a Parylene®C based polymer or other suitable compliant
materials.
[0096] Additionally, care should be taken in selecting
the medium 24 and the material from which the compliant
member 20 is made such that the reflection of the inter-
rogating ultrasound beam from the interface between the
medium in the measurement environment (not shown)
and the compliant member 20 or from the interface be-
tween the compliant member 20 and the medium 24 is
relatively small to avoid excessive reflection of the inter-
rogating beam from these interfaces and a concomitant
reduction in the portion of the energy of the interrogating
ultrasound beam which reaches the vibratable mem-
branes of the sensor. This may be practically achieved
by selecting the material of the compliant member 20 and
the medium 24 such that the acoustic impedance of the
compliant membrane 20 and in the non-compressible
medium 24 are reasonably close to the acoustic imped-
ance of the medium in which the protected sensor 10 is
disposed during measurement.
[0097] The sealed sensor unit chambers 17 may in-
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clude a gas or a mixture of gases therewithin. When the
sealed sensor unit chambers 17 are formed, the pressure
within the sealed sensor unit chambers 17 is set to a
value of P1. After construction of the protected sensor
10, when the protected sensor 10 is disposed in a meas-
urement environment or medium, the pressure value in
the measurement environment or medium in which the
protected sensor 10 is disposed is represented by P2
(Fig. 1).
[0098] Since the medium 24 is substantially non-com-
pressible, and the compliant member 20 has a high com-
pliance, the pressure P2 acting on the compliant member
20 is transmitted by the compliant member 20 to the vi-
bratable membranes 14A, 14B and 14C through the me-
dium 24. Therefore, within a certain pressure value
range, the surfaces of the vibratable membranes 14A,
14B and 14C contacting the medium 24 are subjected to
practically the same pressure value P2. Thus, within the
practical working pressure range of the protected sensor
10 all the vibratable membranes (including any vibratable
membranes not shown in the cross-sectional view of Fig.
1) of the sensor 10 will effectively experience on their
surfaces which are in contact the medium 24 the external
pressure P2 acting on the protected sensor 10.
[0099] When the pressure P1 inside the sealed sensor
unit chambers 17 equals the external pressure P2 in the
measurement environment (P1=P2), the vibratable
membranes of the sensor unit 82, (such as, for example,
the vibratable 14A, 14B, and 14C) are substantially min-
imally stressed.
[0100] In situations in which P1# P2, the vibratable
membranes of the sensor unit 82 (such as, for example,
the vibratable 14A, 14B, and 14C) are pushed by the
pressure difference and become curved and therefore
become stressed. The absolute value of the difference
between the external pressure P2 in the measurement
medium and the pressure P1 within the sealed sensor
unit chambers 17 of the sensor unit 82 is ∆P = | (P2-P1)
| . The stress in the vibratable membranes depends on
∆P.
[0101] The resonance frequency of the vibratable
membranes of the sensor unit 82 depends on the stress
in the vibratable membranes of the sensor unit 82. The
resonance frequency is lowest when the vibratable mem-
branes are minimally stressed. As the stress in the vi-
bratable membranes increases, the resonance frequen-
cy of the vibratable membranes increases accordingly.
Thus, since the resonance frequency fR of the vibratable
membranes is a function of ∆P, when one determines
the resonance frequency of the vibratable membranes
of the sensor unit 82, it is possible to determine ∆P (the
absolute value of the pressure difference) from fR. By
properly selecting the internal pressure P1, it is possible
to determine the value of P2 from the measured reso-
nance frequency of a calibrated passive ultrasonic sen-
sor (such as, but not limited to the protected sensor 10
shown in Fig. 1). For example, in a simple case, if we set
P1=0 (by creating vacuum in the sealed sensor unit

chambers 17 of the sensor unit 82 during manufacturing
of the sensor) then ∆P = P2, enabling direct determination
of the pressure P2.
[0102] Thus, the protected sensor 10 may be pre-cal-
ibrated prior to use, enabling the use of a calibration curve
or a look-up table (LUT) for directly obtaining the pressure
P2 from the measured resonance frequency fR of the
vibratable membranes (or vibratable parts, depending on
the sensor type) of the passive sensor. It is, however,
noted that if the sealed sensor unit chambers 17 of the
sensor 10 have a non-zero internal pressure level (which
is the case when the sealed sensor unit chambers 17
include a gas or gases therein and therefore have a sub-
stantial non-zero internal pressure level), the pressure
may have to be corrected to take into account the effects
of temperature on the gas (or gases) enclosed within the
sealed sensor unit chambers 17.
[0103] Methods for measuring the resonance frequen-
cy of passive ultrasonic sensors are known in the art, are
not the subject matter of the present invention, and are
therefore not disclosed in detail hereinafter. Briefly, a
beam of exciting ultrasound may be directed toward the
sensor, the resonance frequency of the sensor may be
determined from the ultrasonic signal returning from the
sensor (or, alternatively, by determining the amount of
energy absorbed by the sensor from the exciting beam).
The interrogating ultrasonic beam may be continuous,
pulsed or chirped. Such methods are disclosed, inter alia,
in U.S. Patents 5,619,997, 5,989,190 and 6,083,165 to
Kaplan.
[0104] Another method for determining the resonance
frequency of passive ultrasonic sensors by using the
Doppler effect is disclosed in co-pending U.S. Patent Ap-
plication Serial No.10/828,218 to Girmonsky et al., now
US published application number 20040211260A1.
[0105] It is noted that the schematic cross-sectional
illustration of Fig. 1 represents a situation in which
P1>P2. Because of this pressure difference, the vibrat-
able membranes 14A, 14B and 14C are shown as having
a curved shape which is convex in the direction of the
compliant member 20 (it is noted that the degree of cur-
vature of the vibratable membranes 14A, 14B and 14C
is exaggerated in all the drawing figures, for clarity of
illustration). In a situation in which P1=P2 (not shown),
the vibratable membranes of the sensor unit 82 may or
may not be flat (planar), depending, inter alia, on the sen-
sor’s structure and implementation. For example, if the
sensor is coated by a layer of coating material (not
shown), the vibratable membranes 14A, 14B and 14C
may be curved even in cases in which P1=P2. Further-
more, in sensors in which the vibratable membranes 14A,
14B and 14C are pre-stressed at manufacturing time, the
vibratable membranes 14A, 14B and 14C may be curved
even in cases in which P1=P2. In a situation in which
P1<P2 (not shown), the vibratable membranes of the
sensor unit 82 may be curved such that the side of the
vibratable membrane facing the cavity of the sealed sen-
sor unit chamber 17 is convex.
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[0106] The operability of the protected sensors of the
invention was experimentally tested as follows. The ex-
periment was performed using the multi-membrane pas-
sive ultrasonic pressure sensor 20 illustrated in Figs.2
and 3 of co-pending U.S. Patent Application, Serial No.
10/828,218 to Girmonsky et al., now US published ap-
plication number 20040211260A1.
[0107] The nine sensor sealed chambers 29A, 29B,
29C, 29D, 29E, 29F, 29G, 29H and 29I of the sensor (of
co-pending U.S. Patent Application, Serial No.
10/828,218 to Girmonsky et al., now US published ap-
plication number 20040211260A1) were filled with air.
The non-protected sensor was placed in a controlled
pressure chamber, covered with water and interrogated
at various different pressure levels by an ultrasonic beam
having a carrier frequency at 750 KHz and eleven sensor
exciting frequencies of 72KHz, 74KHz, 76 KHz, 78 KHz,
80 KHz, 82 KHz, 84 KHz, 86 KHz, 88 KHz, 90 KHz and
92KHz using the Doppler method disclosed by Girmon-
sky et al. in the above referenced co-pending US patent
application, Serial No.10/828,218, now US published ap-
plication number 20040211260A1, to determine the res-
onance frequency of the sensor at each known pressure
level in the pressure chamber.
[0108] A small stainless steel ring-like washer was
then placed on a holder in the controlled pressure cham-
ber such that the sensor was at the approximate center
of the shallow opening of the washer (the height of the
washer was greater than the height of the sensor. A thin
compliant film of polyethylene having a thickness of ap-
proximately 9 microns was held in a suitable frame and
lowered carefully onto the washer until it was firmly at-
tached to the upper surface of the washer. A water-filled
chamber was thus formed by the washer and the over-
lying compliant polyethylene film such that the vibratable
membranes of the sensor were opposed to the compliant
polyethylene film, and the space formed by the washer
and the attached polyethylene film was completely filled
with water to form a protected sensor.
[0109] The same series of resonance frequency ver-
sus pressure measurements as performed on the non-
protected sensor were performed again by repeating the
measurements of the resonance frequencies for the
same experimental pressure levels with the protected
sensor. When the dependence of the sensor’s resonance
frequency on the pressure level was compared for the
first and second sets of measurements (performed with
the non-protected sensor and with the protected sensor,
respectively), there was no substantial difference be-
tween the data set for the non-protected sensor and for
protected sensor. This experiment indicates that the test-
ed sensor may be protected by a compliant member with-
out substantially affecting the dependence of the reso-
nance frequency of the sensor’s vibratable membranes
on the external pressure.
[0110] It is noted that various structural and design
modifications may be made in implementing the protec-
tive sensors of the present invention. For example, while

in the protected sensor 10 of Fig. 1, the spacer 18 and
the compliant member 20 are attached to the sensor unit
82, other different configurations are possible.
[0111] Reference is now made to Fig. 2 Which is a
schematic cross-sectional view illustrating a protected
passive ultrasonic sensor enclosed in a housing, in ac-
cordance with an additional embodiment of the present
invention.
[0112] In the protected sensor 30, the first recessed
substrate layer 12, the second layer 14, the plurality of
recesses 16, the sealed sensor unit chambers 17, and
the vibratable membranes 14A, 14B and 14C are as dis-
closed in detail hereinabove for the sensor 10. The first
substrate layer 12 and the second substrate layer 14 are
attached together to form the sensor unit 82 which is
disposed or attached within a rigid housing 34. The hous-
ing 34 may include a rigid material such as, but not limited
to, a metal, a metal alloy, titanium, platinum, stainless
steel, a shape memory alloy such as but not limited to
NITINOL®, silicon, glass, quartz, a ceramic material, a
composite material, a metallic or non-metallic nitride, bo-
ron nitride, a carbide, a metal oxide, a non-metallic oxide,
a polymer based material, and combinations thereof.
Such polymer based materials may include, but are not
limited to, Delrin® (commercially available from Dupont,
USA), or the like.
[0113] For implantable sensors, the housing 34 may
preferably be made from a biocompatible material such
as titanium, platinum, or the like (including any biocom-
patible substances disclosed herein), or alternatively
may be covered by a layer of biocompatible material (not
shown) such as, but not limited to, Parylene®, or the like.
A compliant member 20A is sealingly attached to the
housing 34 to form a sealed chamber 32. The compliant
member 20A is as described in detail hereinabove for
the compliant member 20 of the sensor 10.
[0114] The sealed chamber 32 is completely filled with
the substantially non-compressible medium 24, as dis-
closed hereinabove for the chamber 22 of the protected
sensor 10. The combination of the housing 34, the com-
pliant member 20A and the medium 24 protect the vibrat-
able members (including, but not limited to, the vibratable
members 14A, 14B and 14C illustrated in Fig. 2) of the
protected sensor 30 from deposition of extraneous ma-
terials or tissues or cells, as disclosed hereinabove, with-
out significantly attenuating the pressure transmitted to
the vibratable membranes 14A, 14B and 14C of the pro-
tected sensor 30.
[0115] It is noted that, while the first recessed substrate
layer 12 and the second layer 14 of the protected sensor
30 tightly fit into the housing 34 (and may also possibly
be attached thereto by a suitable glue or by any other
suitable attaching method known in the art), other con-
figurations of a sensor attached within a sealed housing
may also be implemented by those skilled in the art. For
example, the external dimensions and/or shape of the
sensor unit 82 (comprising the first recessed layer 12 and
the second layer 14) may not precisely match the internal
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dimensions of the housing 34. Thus, in such an embod-
iment (not shown) the cross-sectional area of the housing
of the sensor may be larger than the cross-sectional area
of the unprotected sensor. Additionally, in accordance
with another embodiment of the protected sensor of the
present invention, more than one unprotected passive
sensor may be disposed within a single protective hous-
ing.
[0116] Reference is now briefly made to Fig. 3 which
is a schematic cross-sectional view of a protected ultra-
sonic sensor including two different passive ultrasonic
sensor units disposed within a single protective housing,
in accordance with an additional embodiment of the
present invention.
[0117] The protected sensor 50 of Fig. 3 includes a
protective housing 54. The housing 54 includes a housing
part 54A, and a compliant member 54B. The housing
part 54A may be made from any suitable material, such
as, but not limited to a metal, glass, silicon, a plastic or
polymer based material, or the like, as disclosed herein-
above for the housing 34 of Fig. 2. The compliant member
54B may be a highly compliant thin membrane made
from Kapton®, Polyurethane, or from any other suitably
compliant material, such as, but not limited to, a compliant
polymer material, or the like, or any other suitable mate-
rial known in the art.
[0118] The compliant member 54B may be sealingly
attached to or glued to or suitably deposited on, or oth-
erwise sealingly connected to the housing part 54A to
form a sealed chamber 52. The protected sensor 50 fur-
ther includes two passive ultrasonic sensor units 55 and
57. The passive ultrasonic sensor units 55 and 57 may
be glued or attached or otherwise connected to the hous-
ing part 54A using any suitable attachment method or
attaching materials known in the art.
[0119] The sensor unit 55 comprises a first recessed
substrate layer 62 and a second layer 64. The parts 64A
and 64B of the second layer 64 are vibratable mem-
branes comprising the parts of the layer 64 which overlie
recesses 66A and 66B formed within the first recessed
substrate layer 62. While only two vibratable membrane
parts 64A and 64B are shown in the cross-sectional view
of Fig. 3, the sensor unit 55 may include one vibratable
membrane or may include more than one vibratable
membranes, as disclosed in detail hereinabove for the
sensors 10 and 30 (of Figs. 1 and 2, respectively). Thus,
the sensor unit 55 may include any suitable number of
vibratable membranes. The second layer 64 is suitably
sealingly attached to the first recessed substrate layer
62 under suitable pressure conditions to form sealed sen-
sor unit chambers (of which only sealed sensor unit
chambers 67A and 67B are shown in the cross-sectional
view of Fig. 3). The pressure within the sealed sensor
unit chambers 67A and 67B is P3.
[0120] The sensor unit 57 comprises a first recessed
substrate layer 72 and a second layer 74. The parts 74A
and 74B of the second layer 74 are vibratable mem-
branes comprising the parts of the layer 74 which overlie

recesses 63A and 63B formed within the first recessed
substrate layer 72. While only two vibratable membrane
part 74A and 74B are shown in the cross-sectional view
of Fig. 3, the sensor unit 57 may include one vibratable
membrane or may include more than one vibratable
membranes, as disclosed in detail hereinabove for the
protected sensors 10 and 30 (of Figs. 1 and 2, respec-
tively). Thus, the sensor unit 57 may include any suitable
number of vibratable membranes. The second layer 74
is suitably sealingly attached to the first recessed sub-
strate layer 72 under suitable pressure conditions to form
sealed sensor unit chambers (of which only sealed sen-
sor unit chambers 69A and 69B are shown in the cross-
sectional view of Fig. 3). The pressure within the sealed
sensor unit chambers 69A and 69B is P4. The sensor
units 55 and 57 may be manufactured such that P3=P4
or such that P3≠P4.
[0121] The sealed chamber 52 is completely filled with
the substantially non-compressible medium 24 as dis-
closed hereinabove. The pressure P5 outside the pro-
tected sensor 50 is transmitted with minimal attenuation
to the vibratable membranes of the sensor units 55 and
57 (such as, for example, the vibratable membranes 64A
and 64b of the sensor unit 55 and to the vibratable mem-
branes 74A and 74B of the sensor unit 57) through the
compliant member 54B and the medium 24 as disclosed
hereinabove.
[0122] The use of two (or, optionally, more than two)
sensor units having different internal pressure values
may be useful for providing temperature compensated
pressure measurements, or for other purposes such as,
but not limited to, providing an extended measurement
range by including within the protected sensor two or
more different pressure sensors each optimized for a par-
ticular pressure range. Additionally, one or more sensor
units having similar internal sensor pressure values may
be used within the same protected sensor to increase
the protected sensor’s signal strength, by increasing the
total surface area of the vibratable membranes in the
protected sensor.
[0123] It is noted that the protected sensor of the
present invention may be implemented such that the pro-
tected sensor may be formed as part of a sensor anchor-
ing device, or may be formed within a sensor anchoring
device, or may be attached thereto. Such sensor anchor-
ing device may be, but is not limited to, a sensor anchor
(such as, but not limited to any of the devices disclosed
in U.S. Patent 6,331,163 to Kaplan), a sensor positioner,
an implantable graft, any suitable part of an implantable
device, a pacemaker, a defibrillator or a part thereof, an
implantable electrode or a part thereof, an insertable
electrode or a part thereof, an implantable catheter or a
part thereof, an insertable catheter or a part thereof, a
stent, a part of a stent, a guide-wire or a part thereof, an
endoscopic device or a part thereof, an autonomous or
a tethered endoscopic device or a part thereof, an im-
plantable graft or other implant types, or any other suit-
able device which may be implanted in or inserted into
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in a body of any organism, animal or human patient.
[0124] It will be appreciated by those skilled in the art
that the sensor anchoring devices to which the protected
sensors of the present invention may be attached (or
within which anchoring device such protected may be
formed or included as a part thereof), are not limited to
devices having the sole purpose of serving as a support
or carrying platform for the protected sensor of the inven-
tion. Rather, the anchoring devices may have any other
suitable structure and/or function that may or may not be
related to the structure or function(s) of the protected
sensor, and may also be used for other unrelated pur-
poses besides functioning as a support for the protected
sensor. For example, if a protected sensor is attached to
or formed within or enclosed in an implanted electrode
of a pacemaker, the electrode may function as a platform
or member for carrying the protected sensor, while inde-
pendently functioning as a stimulating and/or sensing
electrode as is known in the art. Thus, the attachment of
the protected sensors of the present invention to any de-
vice positionable in a measurement environment (or the
inclusion thereof in such a device) may, but need not
necessarily be associated with the functioning of the de-
vice.
[0125] Similarly, the sealed chamber of the protected
sensors of the present invention may be formed within
any such suitable sensor anchoring device or sensor sup-
porting device or sensor fixating devices, or implantable
grafts or other type of implant or implantable device. The
sealed chamber of the protected sensors of the present
invention may also be configured to comprise a part or
as portion of any such suitable sensor anchoring device
or sensor supporting device or sensor fixating devices,
or implantable grafts or any other type of an implant or
implantable device or stent, as a part of the sealed cham-
ber.
[0126] Reference is now made to Fig. 4 which is a
schematic cross-sectional view illustrating part of a pro-
tected sensor constructed using a sensor anchoring de-
vice, or a sensor positioner, or an implantable graft, or
an implantable device, in accordance with an additional
embodiment of the present invention. The protected sen-
sor 80 includes a sensor unit 82, an anchor 88 (only a
part of the anchor 88 is illustrated in Fig. 4), and a com-
pliant member 87. The anchor 88 has an opening 88C
passing therethrough. The opening 88C is slightly small-
er than the sensor unit 82. The compliant member 87 is
sealingly glued or otherwise sealingly attached (using
any suitable attachment method known in the art) to a
first surface 88A of the anchor 88 and the sensor unit 82
is sealingly glued or otherwise sealingly attached (using
any suitable attachment method known in the art) to a
second surface 88B of the anchor 88.
[0127] The compliant member 87 may be a thin mem-
brane having a high compliance constructed as disclosed
in detail hereinabove for the compliant members 20, 20A
and 54B (of Figs. 1, 2, and 3, respectively). The compliant
member 87 may be sealingly attached to the first surface

88A of the anchor 88 by a suitable glue or by any other
sealing material or any other suitable attachment method
known in the art or disclosed hereinabove, to form a
sealed chamber 90. The sealed chamber 90 is complete-
ly filled with the substantially non-compressible medium
24 as disclosed hereinabove.
[0128] The sensor unit 82 may include the recessed
substrate layer 12, and the second layer 14 constructed
and operative as disclosed in detail hereinabove for the
sensor unit 82 of the protected sensors 10 and 30 (of
Figs. 1 and 2, respectively).
[0129] Reference is now made to Fig. 5 which is a
schematic cross-sectional view of part illustrating a pro-
tected sensor having multiple sealed chambers con-
structed within a sensor anchoring device or implantable
graft or implantable device, in accordance with another
embodiment of the present invention. The protected sen-
sor 100 includes a sensor unit 82 as disclosed in detail
hereinabove (with reference to Fig. 4), an anchor 89 (only
a part of the anchor 89 is illustrated in Fig. 5), and a
compliant member 87. The anchor 89 has a plurality of
openings 95A, 95B and 95C passing therethrough. The
compliant member 87 is sealingly glued or otherwise
sealingly attached (using any suitable attachment meth-
od known in the art) to a first surface 89A of the anchor
89 and the sensor unit 82 is sealingly glued or otherwise
sealingly attached (using any suitable attachment meth-
od known in the art) to a second surface 89B of the anchor
89.
[0130] The compliant member 87 may be a thin mem-
brane having a high compliance constructed as disclosed
in detail hereinabove for the compliant members 20, 20A
and 54B (of Figs. 1, 2, and 3, respectively). The compliant
member 87 may be sealingly attached to the first surface
89A of the anchor 89 by a suitable glue or sealer, or by
any other sealing material or any other suitable attach-
ment method known in the art or disclosed hereinabove,
to form a multiplicity of sealed chambers 90A, 90B and
90C. The sealed chamber 90 is completely filled with the
substantially non-compressible medium 24 as disclosed
hereinabove.
[0131] The sensor unit 82 may be constructed and op-
erated as disclosed in detail hereinabove with reference
to Fig. 4. It is noted that while the protected sensor 100
of Fig. 5 includes three sealed chambers (90A, 90B and
90C), the protected sensor 100 may be implemented
having any suitable number of sealed chamber and any
suitable number of vibratable members.
[0132] It is noted that, for the sake of clarity of illustra-
tion, the dimensions of the vibratable membranes 14A,
14B and 14C, and of the parts of the compliant member
87 overlying the chambers 90A, 90B and 90C, respec-
tively do not necessarily represent the true dimensions
of these parts and the ratio of their cross-sectional areas
(such as, for example the ratio of the surface area of the
vibratable membrane 14B to the area of the part of the
compliant member 87 overlying the chamber 90B). Pref-
erably, the surface area of the part of the compliant mem-
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ber overlying the chambers 90A, 90B and 90C are sub-
stantially greater than the surface area of the correspond-
ing vibratable membranes 14A, 14B and 14C to allow
proper sensor operation. It is noted that in all the other
drawing figures, due to the schematic nature of the draw-
ings, the scale and the ratio of the surface area of the
part of the compliant member overlying a specific cham-
ber to the surface area of the vibratable member or mem-
brane included in that chamber may not necessarily be
accurately represented.
[0133] It will be appreciated by those skilled in the art
that the protected sensors of the present invention are
not limited to sensors including a single vibratable mem-
ber, or a single resonating sensor within a single sealed
chamber. Thus, protected sensors including more than
one sensor or more than one vibratable member within
a sealed chamber are within the scope of the present
invention.
[0134] For example, a protected sensor may be con-
structed in which there are multiple sealed chambers,
each of the multiple sealed chambers may have more
than one resonating sensors therewithin. Similarly, a pro-
tected sensor may be constructed in which there are mul-
tiple sealed chambers, each of the multiple sealed cham-
bers may have more than one vibratable member there-
within. Additionally, a protected sensor may be construct-
ed in which there is a single sealed chamber, in which
more than one resonating sensors or more than one vi-
bratable member may be disposed.
[0135] Reference is now made to Fig. 6 which is a
schematic cross-sectional view illustrating a protected
passive ultrasonic pressure sensor having a single vi-
bratable membrane, in accordance with an embodiment
of the present invention.
[0136] The sensor 110 may include a substrate 112,
a second layer 114, a compliant member 120 and a sub-
stantially non-compressible medium 24 filling a sealed
chamber 122. The second layer 114 may be glued or
sealingly attached to a surface 112B of the substrate 112,
as disclosed in detail hereinabove. The substrate 112
has a recess 116 formed therein. The substrate 112 has
a ridge 112A protruding above the level of the surface
112B. The ridge 112A may (optionally) have an opening
25 passing therethrough. The opening 25 may be used
for filling the chamber 122 with the medium 24, as dis-
closed in detail hereinafter. If the ridge 112A has one or
more openings 25 formed therein, the opening(s) 25 may
be closed after filling of the medium 24 by applying a
suitable sealing material 27. The sealing material 27 may
be any suitable sealing material known in the art, such
as but not limited to, RTV, silicon based sealants, epoxy
based sealing materials, or the like, as is disclosed in
detail hereinafter.
[0137] The second layer 114 may be glued or sealingly
attached to the surface 112B of the substrate 122 to form
a sealed sensor unit chamber 117. A part of the second
layer 114 that overlies the recess 116 forms a vibratable
member 114A that may vibrate in response to mechan-

ical waves (such as, for example, ultrasound waves)
reaching the sensor 110. The sealed sensor unit cham-
ber 117 may include a gas or a mixture of gasses having
a pressure level therein, as disclosed hereinabove. The
pressure level within the sealed sensor unit chamber 117
may be a zero pressure level (if the chamber 117 is evac-
uated of any gas) or may be a non-zero pressure level
(if the chamber 117 includes a certain amount of a gas
or gases). The compliant member 120 may be attached
or glued or sealingly attached (using any suitable attach-
ing or sealing or gluing method known in the art) to the
ridge 112A of the substrate 112 to form a chamber 122.
The chamber 122 is preferably completely filled with the
substantially non-compressible medium 24. The material
composition of the parts of the sensor 110 may be similar
to those disclosed hereinabove for other sensors.
[0138] It is noted that while the protected sensor 110
of Fig. 6 has a single sealed chamber 122 filled with the
medium 24, a single sealed sensor unit chamber 117 and
a single vibratable member 114A, other embodiments of
the sensor may include more than one vibratable mem-
ber, and/or more than one sealed sensor unit chamber,
and/or more than one sealed chamber filed with the me-
dium 24, as disclosed in detail hereinabove for other sen-
sor embodiments.
[0139] It is noted that the anchor 88 (of Fig. 4) and the
anchor 89 (of Fig. 5) may be any suitable part of any
device (including, but not limited to, an implantable or an
insertable device) to which the sensor unit 82 may be
suitably attached in the configuration illustrated in Fig. 4,
or in any other suitable configuration for forming a sealed
chamber filled with a non-compressible medium. For ex-
ample, the anchor 88 and the anchor 89 may be, but are
not limited to, any suitable sensor support devices or sen-
sor fixation devices, such as but not limited to the sensor
supporting and/or sensor fixating devices disclosed in
U.S. Patent 6,331,163 to Kaplan. The anchor 88 and the
anchor 89 may be, but are not limited to, any suitable
part of a graft, a stent, an implantable electrode, an in-
sertable electrode, a pacemaker, a defibrillator, a guide-
wire, an endoscope, an endoscopic device, an autono-
mous endoscopic device or autonomous endoscopic
capsule, a tethered endoscopic device or capsule, an
implantable or an insertable drug or therapeutic sub-
stance releasing device or chip or pump, or any other
implantable or insertable device known in the art, as dis-
closed in detail hereinabove.
[0140] Furthermore, if the protected sensors of the
present invention are formed as a self contained protect-
ed sensor (such as, but not limited to, the protected sen-
sors illustrated in Figs. 1-3,and 6-9), the protected sensor
may be suitably attached and/or glued to, and/or mount-
ed on and/or affixed to and/or enclosed within any other
suitable device which may be placed or disposed in the
desired measurement environment. For example, the
protected sensors of the present invention may be at-
tached to a wall or any other internal part of a chemical
or biochemical reactor (not shown) or to any measure-
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ment device or stirring device disposed in the reactor, or
inside a valve or a tube or a holding tank, or the like.
[0141] Similarly, if the protected sensor is to be im-
planted in or inserted into an organism or animal or into
a human patient, the protected sensor may be suitably
attached and/or glued to, and/or mounted on and/or af-
fixed to and/or enclosed within any suitable insertable or
implantable device, including, but not limited to, a suitable
graft, a stent, an implantable electrode, an insertable
electrode, a pacemaker, a defibrillator, a guide-wire, an
endoscope, an endoscopic device, an autonomous en-
doscopic device or autonomous endoscopic capsule, a
tethered endoscopic device or a tethered capsule, an
implantable or an insertable drug or therapeutic sub-
stance releasing device or chip or pump, or any other
implantable or insertable device known in the art, and as
disclosed in detail hereinabove.
[0142] Reference is now made to Fig. 7 which is a
schematic cross-sectional view illustrating a protected
passive ultrasonic pressure sensor with multiple vibrat-
able membranes having multiple sealed chambers
formed within a spacer, in accordance with yet another
embodiment of the present invention.
[0143] The protected sensor 130 may include a pas-
sive ultrasonic pressure sensor unit 152, a spacer mem-
ber 138, a compliant member 147 and a substantially
non-compressible medium 24. The spacer member 138
has two openings 138A and 138B formed therein. The
sensor unit 152 includes a substrate 152 having two re-
cesses 136A and 136B formed therein. The sensor unit
152 also includes a second layer 144 sealingly attached
or bonded or glued to the substrate 132 to form two sep-
arate sealed sensor unit chambers 137A and 137B. The
sealed sensor unit chambers 137A and 137B may be
filled with a gas or a mixture of gases, or may have a
vacuum therein as disclosed hereinabove. The parts of
the layer 144 overlying the recesses 136A and 136B form
two vibratable membranes 144A and 144B, respectively.
The spacer member 138 may be sealingly attached or
glued or bonded to the layer 144. The compliant member
147 may be suitably or sealingly attached or glued or
bonded to the spacer member 138 to form two sealed
chambers 142A and 142B. The sealed chambers 142A
and 142B may, preferably, be completely filled with a
substantially non-compressible medium 24, using any
suitable filling method known in the art.
[0144] The part 147A of the compliant member 147
may protect the vibratable membrane 144A from depo-
sition of extraneous material as disclosed in detail here-
inabove. Similarly, the part 147B of the compliant mem-
ber 147 may protect the vibratable membrane 144B from
deposition of extraneous material.
[0145] It is noted that while the protected sensor 130
of Fig. 7 has two sealed chambers 142A and 142B filled
with the medium 24, a single sealed sensor chamber 117
and a single vibratable member 114A, other embodi-
ments of the sensor may include more than one vibrat-
able member, and/or more than one sensor sealed cham-

ber, and/or more than one sealed chamber filed with the
medium 24, as disclosed in detail hereinabove for other
sensor embodiments.
[0146] It is noted that different variations of compo-
nents or functions of the illustrated embodiments are in-
terchangeable between the different embodiments of the
protected sensor assemblies as illustrated in Figs. 1-8,
and that many different permutations and variations
thereof are possible and are included within the scope
of the present invention.
[0147] It is noted that the protected sensors of the
present invention, including but not limited to the sensors
disclosed hereinabove and illustrated in Figs. 1-8, may
be constructed or assembled using various different
methods. For example, turning briefly to Fig. 6, the sensor
110 may be made by first forming the substrate 112 and
the recess 166 and opening 25 therein using any suitable
photolithographic method known in the art (such as, but
not limited to, standard lithographic masking, photoresist
and wet etching methods applied to a silicon wafer or
other suitable substrate, or by other suitable microma-
chining methods), the second layer 114 may then be
glued or bonded or attached to the substrate layer 112
in a suitable pressure chamber to ensure the desired
pressure level in the sensor sealed chamber 117.
[0148] The compliant member 120 may then be seal-
ingly attached or glued or bonded to the ridge 112A of
the substrate 112. The sensor 110 may then be placed
in a suitable vacuum chamber (not shown) and allowing
sufficient time for equilibration of pressure to form a suit-
able vacuum within the chamber 122 (which is not yet
sealed at this stage). After the chamber 122 has a high
vacuum therein, the sensor may be immersed in the me-
dium 24 (for this vacuum assisted filling method the me-
dium 24 should be a low vapor pressure liquid, such as
but not limited to Dow Corning 710(R) Silicon Fluid dis-
closed hereinabove, or any other suitable low vapor pres-
sure fluid or liquid known in the art) such as, for example,
by introducing the medium 24 into the vacuum chamber
to a suitable level such that the opening 25 is completely
covered by the medium 24.
[0149] After, the opening 25 is covered by the medium
24, the pressure in the vacuum chamber in which the
sensor 110 is disposed may be increased (for example,
by opening the vacuum chamber to atmospheric pres-
sure) as the pressure acting on the medium 24 disposed
within the vacuum chamber is increased, the medium 24
will be forced into the empty space of the chamber 122
until the chamber 122 is completely filled with the medium
24. After the chamber 122 is filled with the medium 24,
the sensor 110 may be cleaned (if necessary) and the
opening 25 may be sealingly closed with the sealing ma-
terial 27 to complete the sealing of the chamber 122. The
sealing material 27 may be any suitable sealing material
known in the art, as disclosed in detail hereinabove.
[0150] It is noted that it may also be possible, in ac-
cordance with another embodiment of the invention, to
inject the medium 24 into the chamber 122 of the sensor
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110 through the opening 25 by using a fine needle or any
other suitable injecting device, which may be followed by
application of the sealing material to seal the opening 25.
[0151] It is noted that the methods for filling the cham-
ber 122 (or any other chamber of a protected sensor be-
ing used) with the medium 24 are not limited to using
non-compressible liquids but may also be applied when
using various types of gels. For examples when using
gelatin it is possible to use the methods described here-
inabove for filling the sensor by applying the gelatin while
it is in a liquid fluid state prior to solidification by using a
heated liquefied gelatin solution. In such cases it may be
advantageous to warm the sensor that is being filled to
a suitable temperature to prevent or delay solidification
of the gel. When using hydrogels, time may be required
for gelling, so it is possible to fill the chamber of the pro-
tected sensor before gelling occurs. In another example,
it may be possible to use an alginate based gel (such as,
for example, a liquid sodium alginate solution) and induce
gel formation by adding calcium ions, as is known in the
art.
[0152] It may also be possible to use other liquid com-
positions or liquid gel precursors that may form a gel after
filling or injecting into the chamber 122 as disclosed here-
inabove. For example, in accordance with an embodi-
ment of the present invention it is possible to use a mix-
ture of monomer(s) and a suitable catalyst and/or polym-
erizing agent and/or cross-linking agent which may
chemically react to slowly produce a suitable gel. The
mixture of the monomer and cross-linker may be injected
or otherwise introduced into the chamber of the sensor
(such as, but not limited to, the chamber 122 of the sensor
110) by any of the methods described hereinabove while
still in the liquid state and may then polymerize to for the
gel in the chamber.
[0153] In applications for non implanted sensors it may
be possible to use gels such as polyacrylamide gels, as
is known in the art. Such gels may be formed by polym-
erizing acrylamide or acrylamide derivative monomers
using a polymerization catalyst or initiator (such as, for
example, persulphate, or the like) and/or suitable cross-
linking agents (for example bisacrylamide based cross-
linkers). For applications using implantable sensors oth-
er, more biocompatible gels may be used, such as gel-
atin, or any other suitable biocompatible hydrogel known
in the art.
[0154] It is further noted that other different methods
for constructing the protected sensor may be also used.
Such methods may include methods in which the com-
pliant member is attached to or formed on the protected
sensor after the placement of the substantially non-com-
pressible medium in the sensor. Briefly returning to Fig.
1, the sensor 10 may be constructed as follows. First the
recessed substrate layer 12 may be attached to the sec-
ond layer 14 in a vacuum chamber (not shown) to form
the sensor unit 82 in a way similar to the way disclosed
hereinabove for the sensor 110 of Fig. 6, or as disclosed
in the above referenced co-pending US Patent Applica-

tion, Serial No.10/828,218 to Girmonsky et al. now US
published application number 20040211260A1. After the
sensor unit 82 is made, the spacer 18 may be attached
or glued to the sensor unit 82 to form part of the chamber
22 (which at this stage is not yet a sealed chamber). The
medium 24 may then be introduced into the formed part
of the chamber 22 and the compliant member 20 may
then be suitably sealingly attached or bonded to the spac-
er 18, using any attaching or gluing or bonding method
known in the art, to seal the medium 24 and to complete
the sealed chamber 22. This method may be applied
when the medium 24 is a liquid or a gel. In cases where
a gel is used, the gel may be introduced into the chamber
22 in a pre-gelled liquid form or as a monomer/cross-
linker mixture as disclosed hereinabove.
[0155] Yet another method for constructing the pro-
tected sensor (described, by way of example, with re-
spect to the sensor 10 of Fig. 6, but generally applicable
to many of the other sensors disclosed and illustrated
herein) may use chemical vapor deposition methods (or
possibly other different methods known in the art to di-
rectly form and attaché a compliant member to the sensor
unit. Turning again to Fig. 1, the sensor 10 may also be
constructed as follows. First the recessed substrate layer
12 may be attached to the second layer 14 in a vacuum
chamber (not shown) to form the sensor unit 82 in a way
similar to the way disclosed hereinabove. After the sen-
sor unit 82 is made, the spacer 18 may be attached or
glued to the sensor unit 82 to form part of the chamber
22 (which at this stage is not yet a sealed chamber). The
medium 24 may then be introduced into the formed (yet
open) part of the chamber 22. The compliant member 20
may then be directly deposited on the medium 24 and
on the spacer 18 by forming the compliant member in-
situ using a suitable chemical vapor deposition (CVD)
method. For example, if the compliant member 20 is to
be made from Parylene®C, a suitable layer of
Parylene®C may be sealingly deposited or formed upon
the medium 24 and the spacer 18 using standard CVD
methods. In this case, the layer of Parylene®C formed
over the substantially non-compressible medium 24 and
attached to the upper surface of the spacer 18 comprises
the compliant member 20. In such a case, if the CVD is
performed below atmospheric pressure, the medium
used in the sealed chamber must have a low vapor pres-
sure.
[0156] It is noted that the different methods disclosed
for constructing the protected sensors may in principle
be applied to construct any of the protected sensors dis-
closed hereinabove and illustrated in the drawing figures
with suitable modifications. For example, if the chamber
22 of sensor 10 of Fig. 1 needs to be to be filled with the
medium 24 through an opening, one or more openings
(not shown) may be made in the spacer 18.
[0157] Similarly, suitable openings (not shown) may
be made in the housing 34 of the protected sensor 30 (of
Fig. 2) or in the housing 54 of the protected sensor 50 of
Fig. 3) or in any other suitable part of the protected sen-
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sors disclosed herein in order to enable the introducing
of the substantially non-compressible medium 24 into the
relevant chamber(s) of the protected sensor that is being
filled.
[0158] In accordance with another embodiment of the
invention, one or more openings (not shown) suitable for
introducing the medium 24 may (optionally) be formed in
suitable parts of the anchoring members 88 and/or 89 or
in the sensor unit 82 to allow filling of the medium 24
therethrough. Such openings may be sealed by a sealing
material after the filling is completed, as disclosed in de-
tail with respect to the opening 25 of the sensor 110 of
Fig. 6). It is therefore noted that if the substantially non-
compressible medium is introduced into the sealed
chamber of the protected sensor of the present invention
through one or more openings, such an opening or such
openings (not shown) may be formed in any selected or
desired part of the sensor, such as, but not limited to, the
sensor’s housing or the sensor anchoring device (if used)
or the spacer (if used) or through any suitable parts of
the body of the sensor unit used. Such openings may be
located at positions that will not compromise the sensor’s
operation as will be clear to the person skilled in the art.
[0159] Furthermore, if the protected sensor includes
multiple sealed chambers (such as, for example, the
chambers 90A, 90B and 90C of the protected sensor 100
of Fig. 5) additional openings (not shown) may have to
be made in suitable parts of the sensor or sensor unit or
spacer or anchoring device if needed.
[0160] It will be appreciated by those skilled in the art
that the different methods disclosed herein for assem-
bling or constructing the protected sensors of the inven-
tion, are given by way of example only, are not obligatory,
and that other different methods of construction and/or
assembly and or filling of the disclosed protected sensors
my be used, as is known in the art. Such methods may
include, but are not limited to, any suitable lithographic
methods, etching methods, masking methods, semicon-
ductor manufacturing methods, micromachining meth-
ods, imprinting methods, embossing methods, printing
methods, layer forming methods, chemical vapor depo-
sition methods, bonding methods, gluing methods, seal-
ing methods, and the like.
[0161] It will be appreciated by those skilled in the art
that the embodiments of the protected sensor described
hereinabove and-illustrated in Fig. 4 is not limited to the
forms of sensor anchors or sensor fixation devices or
stent parts shown above or in U.S. Patent 6,331,163 to
Kaplan. Rather, many different modifications of the pro-
tected sensor of the invention may be implemented by
those skilled in the art. For example, a non-limiting list of
possible implementations may include implementations
in which the anchor 88 may be part of an implantable
graft (for example a tube-like Gortex® graft, as is known
in the art), or may be part of an implantable electrode of
a pacemaker device or a defibrillator, or of any other suit-
able device which may be implanted in a blood vessel,
or in any other part of a cardiovascular system, or intra-

cranially, or within any of the ventricles of the brain, or in
the central canal of the spinal cord, or in the heart, or in
any other body cavity or lumen thereof, as is known in
the art.
[0162] Reference is now made to Fig. 8 which is a
schematic part cross-sectional diagram illustrating a gen-
eralized form of a protected resonating sensor in accord-
ance with an embodiment of the present invention.
[0163] The protected sensor 180 of Fig. 8 includes a
resonating sensor unit 5, a spacer 18, a compliant mem-
ber 20 and a non-compressible medium 24. The reso-
nating sensor unit 5 may be any type of resonating sensor
known in the art which has one or more resonators or
resonating parts exposed to a measurement environ-
ment or medium, such as, but not limited to, any of the
resonating sensors disclosed hereinabove or known in
the art. The resonator part 5A of the resonating sensor
unit 5 schematically represents the part of the resonator
(or resonators) of the resonating sensor unit 5 which
would have been exposed to the measurement environ-
ment or medium in a non-protected resonating sensor
unit 5.
[0164] The protected sensor 180 may include a spacer
18 suitably sealingly attached or glued to the sensor 5
as disclosed in detail hereinabove for the spacer 18 of
Fig .1. The protected sensor 180 may also include a com-
pliant member 20 as disclosed in detail hereinabove for
the sensor 10 of Fig. 1. The compliant member 20 is
suitably sealingly attached to the spacer 18 to form a
sealed chamber 102. The sealed chamber 102 is com-
pletely filled with a non-compressible medium 24 as de-
scribed in detail hereinabove for the sensors 10, 30 and
80 (of Figs. 1, 2 and 4, respectively).
[0165] The physical variable to be measured by the
protected sensor 180 (such as, but not limited to, pres-
sure, temperature or the like) is transmitted with minimal
attenuation through the compliant member 20 and the
non-compressible medium 24 to the part 5A of the res-
onating sensor unit 5, as disclosed in detail for the other
passive ultrasonic sensors disclosed hereinabove. The
compliant member 20 and the spacer 18 prevent the dep-
osition of substance(s) or cell(s) or tissue(s) or other un-
desirable extraneous material from entering the sealed
chamber 102 and from being deposited on or otherwise
attached to the part 5A of the resonating sensor unit 5.
The resonating part or parts of the sensor unit 5 (not
shown in detail in Fig. 8) are thus protected from any
such substance(s) or cell(s) or tissue(s) or other unde-
sirable extraneous material found in the measurement
environment or measurement medium which may im-
prove the ability of the protected sensor 180 to maintain
stability and accuracy of measurement over time.
[0166] It is noted that while in the embodiment of the
protected sensor 80 illustrated in Fig. 5, the sealed cham-
ber 102 including the medium 24 is constructed by using
the spacer 18, it may be possible, in accordance with
another embodiment of the protected sensor, to attach
the compliant member 20 to a suitably formed part (not
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shown) of the sensor unit 5, such as a raised circumfer-
ential ridge (similar, but not necessarily identical to the
ridge 112A of the sensor 110 of Fig. 6) formed as part of
the sensor unit 5.
[0167] It is noted that in cases in which the sensor unit
5 is a resonating sensor for sensing the concentration of
a chemical species in the measurement medium, the
compliant member 20 and the non-compressible medium
24 should be carefully selected such that the compliant
member 20 is made from a material which is suitably
permeable to the chemical species being measured and
that the non compressible medium 24 is selected such
that the chemical species to be measured may be capa-
ble of diffusing in the selected medium 24, or may be
capable of being transported through the medium 24 (for
example, by including in the medium 24 a suitable trans-
porter species or transporting molecule which is compat-
ible with the medium 24, as is known in the art) to reach
the part of the sensor unit 5 (possibly included in the part
5A of the sensor unit 5) which is sensitive to the concen-
tration of the chemical species being measured.
[0168] It will be appreciated by those skilled in the art
that the protected pressure sensors of the present inven-
tion are not limited to using only the type of compliant
members disclosed hereinabove. Rather, the protected
pressure sensors of the present invention may also be
implemented by using differently configured compliant
members. Such mechanically compliant members may
be configured or shaped in many different ways (as is
known in the art) to enable the efficient transmission of
pressure from the region of measurement to the vibrat-
able membranes or vibratable members of the sensor
used. The compliant member also has to be sufficiently
compliant so as not to substantially interfere with the
pressure waves of the vibrating vibratable member or
membrane which may result in loss of quality factor.
[0169] Reference is now made to Fig. 9 which is a
schematic cross-sectional diagram illustrating a protect-
ed pressure sensor including a compliant member having
a corrugated portion, in accordance with an embodiment
of the present invention; and
[0170] The pressure sensor 140 of Fig. 9 is similar but
not identical to the pressure sensor 110 of Fig. 6. The
substrate 112, the ridge 112A, the opening(s) 25, the
sealing material 27, the second layer 114, the surface
112B, the surface 114A, and the substantially non-com-
pressible medium 24 may be constructed as described
in Fig. 6. However, while the sensor 110 of Fig. 6 has a
compliant member 120 sealingly attached to the ridge
112A, to form the sealed chamber 122, the sensor 140
has a compliant member 150 sealingly attached to the
ridge 112A to form a sealed chamber 123.
[0171] The compliant member 150 of Fig. 9 is different
than the compliant member 120 of Fig. 6. The compliant
member 150 of Fig. 9 is a mechanically compliant mem-
ber including a first flat portion 150A, a second flat portion
150B and a corrugated portion 150C. The second flat
portion 150B may be sealingly attached or glued to the

ridge 112A of the substrate 112 to form a sealed chamber
123 which may be filled with the substantially non com-
pressible medium 24 (such as, for example a substan-
tially liquid or gel or hydrogel) as disclosed in detail here-
inabove for the sensor 110. Preferably, (but not obliga-
torily) the first flat portion 150A, the second flat portion
150B and the corrugated portion 150C are contiguous
parts of the compliant member 150. The corrugated por-
tion 150C allows the first portion 150A to move in order
to communicate the pressure outside the sensor 140 to
the medium 24 disposed within the chamber 123 and to
the vibratable member 114A, and to communicate the
pressure waves from the vibrating member (or vibrating
membrane) to the outside medium disposed in the meas-
urement environment.
[0172] Fig. 10 is a schematic cross-sectional diagram
illustrating a protected pressure sensor including a me-
chanically compliant member having a corrugated por-
tion, in accordance with another embodiment of the
present invention.
[0173] The sensor 210 of Fig. 10 is functionally similar
but not structurally identical to the sensor 10 of Fig. 1.
Like components of the sensors 10 and 210 are labeled
with like reference numerals. The sensor 210 includes a
compliant member 21. The compliant member 21 of Fig.
10 is different than the compliant member 20 of Fig. 1.
The_compliant member 21 of Fig. 10 is a mechanically
compliant member including a first flat portion 21A, a sec-
ond flat portion 21B and a corrugated portion 21C. The
second flat portion 21B may be sealingly attached or
glued to a spacer 19. The spacer 19 may be sealingly
attached or glued to the substrate layer 12 (as disclosed
in detail for the spacer 18 of Fig. 1 hereinabove) to form
a sealed chamber 23 which may be filled with the sub-
stantially non compressible medium 24 (such as, for ex-
ample a substantially liquid or gel or hydrogel) as dis-
closed in detail hereinabove for the sensor 110. Prefer-
ably, (but not obligatorily) the first flat portion 21A, the
second flat portion 21B and the corrugated portion 21C
are contiguous parts of the compliant member 21. The
corrugated portion 21C allows the first portion 21A to
move in order to communicate the pressure outside the
sensor 210 to the medium 24 disposed within the cham-
ber 23 and to the vibratable membranes 14A, 14B and
14C of the sensor 210. The corrugated portion 21C also
allows the pressure waves of the vibratable membranes
14A, 14B and 14C to be communicates to the medium
in the measurement environment outside of the protected
sensor.
[0174] The sensor 210 includes a spacer 19. The di-
mensions of the spacer 19 (of Fig. 10) may be different
than the dimensions the spacer 18 (of Fig. 1) or may be
identical to the dimensions of the spacer 18 (of Fig. 1),
depending, inter alia, on the chosen dimensions of the
compliant member 21.
[0175] It is also noted that the various parts and com-
ponents of the drawing Figures (Figs. 1-10) are not drawn
to scale and the dimensions and shapes are drawn for
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illustrative purposes only (for the sake of clarity of illus-
tration) and may not represent the actual dimensions of
the various illustrated components. For example, the cur-
vature of the vibratable membranes 14A, 14B and 14C
of the second layer 14 (of Fig. 1) is greatly exaggerated
(for illustrative purposes) relative to the actual curvature
of the vibratable membranes of actual sensors.
[0176] It is further noted that while the particular ex-
amples of the sensors disclosed hereinabove and illus-
trated in Figs. 1-10 are adapted for pressure measure-
ments, the protected sensors of the present invention
may be also used as temperature sensors as is known
in the art and as disclosed hereinabove. It may generally
be also possible to use the protected sensors of the
present invention for determination of other physical pa-
rameters within a measurement environment, if the
measured parameters influence the resonance frequen-
cy of the vibratable part(s) or vibratable membrane(s) of
the sensor.
[0177] It is further noted that while the sensors dis-
closed hereinabove and illustrated in the drawing figures
are implemented as sensors having a plurality of vibrat-
able membranes (multi-membrane sensors), the protect-
ed sensors of the present invention may also be imple-
mented as sensors having a single vibratable membrane
or a single vibratable part such as, but not limited to, the
sensors disclosed, inter alia, in U.S. Patents 5,619,997,
5,989,190 and 6,083,165 to Kaplan, or any other sensors
known in the art. All such sensors may be implemented
as protected sensors by suitable use of a compliant mem-
ber and a non-compressible medium to form a sealed
chamber filled with the non-compressible medium in
which the non-compressible medium transmits the phys-
ical variable to be measured to the vibratable part of the
sensor or to a suitable coupler coupled to the vibratable
part.
[0178] It will be appreciated by those skilled in the art
that the protected sensors of the present invention may
be used for determining the value of a physical variable
by using various different measurement methods. For
example, the resonance frequency of the vibratable part
(s) or the vibratable membrane(s) of the protected sen-
sors disclosed hereinabove may be determined by using
a continuous beam, or a pulsed beam, or a chirped beam
of ultrasound for interrogating the protected sensors of
the present invention and by measuring either the ab-
sorption of the energy of the exciting beam by the sensor,
or the ultrasonic signal emitted by or returned from the
sensor as is known in the art. Methods and systems for
performing such measurement of the resonance fre-
quency of passive sensors are disclosed in detail in U.S.
Patents 5,619,997, 5,989,190 and 6,083,165, and
6,331,163 to Kaplan, and in co-pending U.S. Patent Ap-
plication Serial No.10/828,218 to Girmonsky et al., now
US published application number 20040211260A1.
[0179] It is, however, noted that the method for pro-
tecting resonating sensors disclosed hereinabove is not
limited for passive ultrasonic sensors disclosed herein-

above or to any particular measurement method dis-
closed hereinabove, but may be applied to any type of
measurement method suitable for use with any type of
resonating sensors, such as but not limited to, passive
resonating sensors, active resonating sensors, optically
interrogated active or passive resonating sensors, ca-
pacitive resonating sensors, or any other resonating sen-
sor known in the art which has at least part of its reso-
nating structure exposed to the measurement environ-
ment or medium, as long as they are interrogated by a
sonic or ultrasonic beam.
[0180] It is further noted that during the construction
of the protected sensors of the present invention (such
as, for example, the sealed chamber 22 of the protected
sensor 10) when the sealed chamber is filled with the
medium 24 and sealed, care should be taken to avoid
the trapping of any bubbles of gas or air in the sealed
chamber. While it may still be possible to use a protected
sensor containing such bubbles or gas filled spaces for
performing measurements (depending, inter alia, on the
size and cross-sectional area of such bubbles or gas filed
spaces), such bubbles or any amount of gas or air
trapped in the non-compressible medium 24 may unde-
sirably affect or degrade the performance of the protected
sensor because it introduces a compressible part (the
gas in the space or a bubble containing a gas or gases)
into the medium in the sealed chamber which may affect
the actual pressure experienced by the vibratable mem-
branes (such as, for example, the vibratable membranes
14A, 14B and 14C of the sensor unit 82) of the protected
sensor, which may in turn introduce a certain measure-
ment error. Additionally, gas bubbles trapped in the me-
dium 24 contained within the sealed chamber may reflect
or scatter part of the interrogating ultrasound beam,
which may also undesirably affect the sensor’s perform-
ance or the measurement system’s performance.
[0181] Furthermore, the protected sensors of the
present invention and parts thereof may be constructed
of multilayered materials. For example, any of the re-
cessed substrates, spacers, housings, and anchoring
devices used in the construction of any of the protected
sensors disclosed herein and illustrated in the drawings
may (optionally) be formed as a multi-layered structure
comprising more than one layer of material. Moreover, if
such multi-layered structures are used in a part of the
protected sensor, some of the layers may or may not
include the same materials.
[0182] Moreover, while the examples disclosed here-
inabove may use certain exemplary gel types for imple-
menting the protected sensors of the invention, many
other types of gels may also be used. For example, other
types of gels may be used in implementing the protected
sensors of the present invention, such as, but not limited
to, polyvinyl alcohol (PVAL) based gels, polyvinylpyrro-
lidone (PVP) based gels, polyethylene oxide (PEO)
based gels, polyvinylmethyl ester (PVME) based gels,
polyacrylamide (PAAM) based gels, or any other type of
suitable gel or hydrogel known in the art.
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[0183] It is noted that when the selected gel forming
method includes the polymerization of a mixture contain-
ing suitable gel forming monomers (with or without cross-
linking agents), the polymerization may be induced by
any suitable method known in the art. For example one
possible method of forming a gel is adding a polymeri-
zation initiating agent to a solution containing a monomer
and (optionally a cross-linking agent). The polymeriza-
tion initiating agent may be a suitable free-radical forming
agent, such as, but not limited to, potassium persulphate
in the case of using polyacrylamide forming monomers,
or any other suitable polymerization initiating compound
known in the art). However, It may also be possible to
use other methods for initiating a polymerization of a
monomer (or a mixture of different monomers) such as
irradiating a suitable monomer(s) solution (with or without
suitable cross-linking agents or other copolymers) with
light having a suitable wavelength (such as, but not lim-
ited ultraviolet light, or light having other suitable wave-
lengths, or by using other types of ionizing radiation or
other types of radiation. However, any other suitable
method for initiating polymerization known in the art may
be used in forming the gels included in the protected sen-
sors of the present invention. It is further noted that many
other types of gels and gel forming methods may be used
in the present invention, as is known in the art. Such gels
may include but are not limited to, agar, agarose, algi-
nates, gelatin, various polysaccharide based gels, pro-
tein based gels, synthetic polymer based gels (including
cross-linked and non-cross-linked polymer based gels),
and the like.
[0184] It is further noted that the protected sensors of
the present invention and parts thereof may be construct-
ed of multilayered materials. For example any of the re-
cessed substrates, spacers, housings, and anchoring
devices used in the construction of any of the protected
sensors disclosed herein and illustrated in the drawings
may (optionally) be a multi-layered structure comprising
more than one layer of material. Furthermore, if such
multi-layered structures are used in a part of the protected
sensor, some of the layers may or may not include the
same materials.
[0185] Furthermore, it is noted that the vibratable
members (or resonating members) of the sensor units
used in the protected sensors of the present invention
may have many different shapes and/or geometries. For
example, the vibratable membranes of the passive ultra-
sonic sensor units disclosed hereinabove (such as, but
not limited to, the vibratable membranes of the sensors
10, 30, 50, 80, 100, 110, 130, 140, 180, 185, 190, 210,
250, 260, 270, 280, 290 and 300) may have a circular
shape, a rectangular shape, a polygonal shape, or any
other shape known in the art and suitable for a vibratable
resonator, as is known in the art. For example, the sensor
illustrated in Fig. 2 of co-pending US Patent Application
Serial No.10/828,218 to Girmonsky et al., now US pub-
lished application number 20040211260A1, has multiple
vibratable membranes having a rectangular shape, but

any other suitable vibratable membrane shapes may be
used.
[0186] It is further noted that, while all the embodi-
ments of the protected sensor of the present invention
are described and illustrated as having a single contigu-
ous compliant member, in accordance with another em-
bodiment of the present invention the sensors may be
modified to include two or more separate compliant mem-
bers suitably and sealingly attached to the sensor unit(s)
or to the housing of the protected sensor(s) or to the
anchor or support to which the sensor unit(s) are at-
tached.
[0187] It will be appreciated by those skilled in the art
that the methods disclosed hereinabove for protecting a
sensor and for constructing protected sensors (including,
but not limited to, the sensors having compliant member
(s) disclosed herein and the open gel protected sensors
disclosed herein) are not limited to the various exemplary
embodiments disclosed and illustrated herein, and may
be applied to other different sensors having vibratable
parts or vibratable members. For example, the methods
disclosed hereinabove may be applied to the passive ul-
trasonic sensors described in U.S. Patents 5,989,190
and 6,083,165 to Kaplan, to construct protected passive
ultrasonic sensors that are considered to be within the
scope of the present invention. Thus, the vibratable mem-
ber(s) or vibratable membrane(s) of the sensor unit(s)
used for constructing the protected sensors of the
present invention may be formed as a thin integral part
of a recessed layer (such as, for example, the membrane
91 of the sensor 90 of Fig. 7 of US Patent 5,989,190
referenced above). Thus, the method disclosed herein
of constructing protected sensors using resonating sen-
sor unit(s), the substantially non-compressible medium
and a compliant member, is a general method and may
be generally applied to other suitable passive and active
resonating sensors known in the art.
[0188] It is noted that while all the protected sensors
disclosed hereinabove and illustrated in the drawings in-
clude one or more passive resonating sensor units, the
protected sensors of the present invention (including, but
not limited to, the sensors having compliant member(s)
disclosed herein and the open gel protected sensors dis-
closed herein) are not limited to resonating sensor units
only and may include additional types of sensor units.
Thus, the protected sensors of the present invention may
also include any other suitable type of sensor units known
in the art For example, in accordance with an embodi-
ment of the present invention the protected sensor may
include one or more resonating pressure sensor units as
disclosed hereinabove and an additional non-resonating
temperature sensor unit (not shown) of any suitable type
known in the art. Such a temperature sensor unit may or
may not be disposed within the chamber of the protected
sensor. For example, if such a non resonating tempera-
ture sensor is included in a protected sensor of the type
shown in Fig. 3, the additional temperature sensor unit
may be disposed within the medium 24 in the sealed
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chamber 52, or alternatively may be suitably attached to
the housing 54 such that it is disposed outside of the
sealed chamber 52. Such non-resonating temperature
sensor unit(s) (or any other type of non-resonating sensor
unit(s) for measuring other physical or chemical param-
eters) may also be embedded in, or formed within, or
included in, or suitably attached to the housing 54. Sim-
ilarly, the open gel-protected sensors of the present in-
vention may also include one or more non-resonating
sensor units.
[0189] As may be appreciated by the person skilled in
the art, many other types of combinations of resonating
sensor units and non-resonating sensor units may thus
be implemented in the protected sensors of the present
invention. The non- resonating sensor units of such com-
binations of sensor units may be configured to determine
any desired physical or chemical parameter in the meas-
urement environment, as is known in the art. Thus, pro-
tected sensors including such combinations of resonat-
ing and/or non-resonating sensor units are included with-
in the scope of the present invention.
[0190] It is noted that in embodiments in which the pro-
tected sensors of the present invention are configured to
be disposed in contact with blood (such as, but not limited
to protected pressure sensors which are designed to be
implanted in a blood vessel or in any other part of the
cardiovascular system), the parts of the sensor which
come into contact with blood are preferably made from
hemocompatible materials or suitably coated with hemo-
compatible materials, as is known in the art. The use of
hemocompatible materials may be advantageous by, in-
ter alia, reducing or preventing blood clotting, blood cells’
adhesion, or other adverse effects.
[0191] It is further noted that while the chambers 22
(Fig. 1), 32 (Fig. 2), 52 (Fig. 3), 90 (Fig. 4), 90A- 90C (Fig.
5), 122 (Fig. 6), 142A and 142 (Fig. 7), 102 (Fig. 8), 123
(Fig. 9) and 23 (Fig. 10) are illustrated as sealed cham-
bers, this is not obligatory. Thus, when the medium 24
filling the chambers 22, 32, 52, 90, 90A, 90B, 90C, 122,
142A, 142, 102, 123, and 23 is a gel or a hydrogel, the
chambers 22, 32, 52, 90, 90A, 90B, 90C, 122, 142A, 142,
102, 123 and 23 may be open chambers (not shown in
Fig.1-10), and need not obligatorily be completely sealed.
[0192] For example, if the compliant member 20 of the
sensor 10 is glued or attached to the spacer 18 after
casting a gel 24 into the sensor, the compliant member
20 need not fully and completely seal the formed chamber
22, because the sensor’s performance does not substan-
tially depend on the chamber 22 being a sealed chamber.
Thus, the compliant member 20 may be non-sealingly
attached to the spacer 18.
[0193] In another example, when the chamber 122 of
the sensor 110 of Fig. 6 is filled with a gel through the
opening 25 (as disclosed in detail hereinabove), the
opening 25 may be left open (by not closing it with the
sealing material 27 as described hereinabove with re-
spect to Fig. 6). After gelling is completed, the solidified
gel will stay in the chamber 122 even though the opening

25 stays open. Alternatively, when a gel is used within
the chamber 122, the chamber 122 may also be sealed
by closing the opening 25 with the sealing material 27 as
disclosed in detail hereinabove for a liquid filled chamber.
[0194] Similarly, when using a gel as the medium 24,
one or more suitable openings (not shown) may be made
in any suitable parts of the other sensors illustrated above
and such openings may be left open without substantially
affecting the sensor’s operation as a resonator. Such
openings may be made in any suitable part of the sensor,
including but not limited to, in the substrate layer 12
and/or in the layer 14 and/or in the spacer 18 and/or the
compliant member 20 (of Figs. 1 and 2), in the housing
34 and/or the compliant member 20A (Fig. 2), in the hous-
ing 54 and/or in the substrate layers 62 and/or 72, and/or
in the layers 64 and/or 74 and/or the compliant member
54B (Fig. 3), in the substrate layer 82 and/or in the layer
14, and/ or the anchor 88 and/or the compliant member
87 (of Fig. 4), in the in the substrate 82 and/or in the layer
14, and/ or the anchor 89 and/or the compliant member
87 (of Fig. 5), in the substrate layer 112 and/or the layer
114 and/or the compliant member 120 (of Fig. 6), in the
substrate 132 and/or the layer 144 and/or the spacer 138
and/or the compliant member 147 (of Fig. 7), in the sensor
5, and/or spacer 18 and/or the compliant member 20 (of
Fig. 8), in the substrate 112 and/or the ridge 112A and/or
the layer 114, and/or the compliant member 150 (of Fig.
9), in the substrate layer 12 and/or the layer 14 and/or
the spacer 19 and/or the compliant member 21 (of fig. 10).
[0195] However, since the particular examples of the
sensors illustrated hereinabove are given by way of ex-
ample only and many other sensor configurations are
possible within the scope of the present invention, such
an opening or openings may be formed in any other suit-
able part of the protected sensors of the present invention
and/or between different parts of a sensor (such as, for
example, by forming an opening between the spacer 18
and the substrate layer 12 of the sensor 10 by non-seal-
ingly or incompletely attaching or gluing the spacer 18 to
the substrate layer 12), depending, inter alia, on the res-
onating sensors’ structure and configuration, the struc-
ture and configuration of the compliant member, and the
presence and structure of spacer(s) or housing(s), an-
chors, or other sensor parts.
[0196] It is noted that while filling the sensors with the
medium 24 through such openings (not shown) is possi-
ble (as disclosed in detail for the opening 25 of the sensor
110), this is not obligatory, and any other method for filling
the sensors with the medium 24 (either a gel or a liquid)
may be used as disclosed in detail hereinabove, or as is
known in the art.
[0197] While the invention has been described with re-
spect to a limited number of embodiments, it will be ap-
preciated that many variations, permutations and modi-
fications may be made to the structure, dimensions, ma-
terial composition, and construction methods of the pro-
tected sensors of the present invention, and other nu-
merous applications of the protected sensors of the
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present invention which are all considered to be within
the scope of the present invention.
[0198] It is noted that the compliant members of the
present invention (such as, for example, the compliant
members 20, 20A, 21, 54B, 87, 120, 147 and 150 dis-
closed hereinabove) may be advantageous in protecting
the medium 24 from mechanical damage or other types
of damage during the sensor placement in the measure-
ment environment. Furthermore, when the medium 24 is
a liquid, the compliant members of the present invention
seals the liquid within the sensor as shown in detail here-
inabove and may prevent the liquid from exiting the sen-
sor and from being removed or dispersed in the meas-
urement environment by the liquid present in the meas-
urement environment. However, it is also possible to con-
struct a protected sensor without using a compliant mem-
ber by using a suitable gel for covering the vibratable
member(s) or any other resonating parts of the sensor
or of any resonating sensor unit(s) included in the pro-
tected sensor.
[0199] Reference is now made to Fig. 11 which is a
schematic cross-sectional view illustrating a gel protect-
ed passive ultrasonic pressure sensor having multiple
vibratable membranes, in accordance with an embodi-
ment of the present invention.
[0200] The sensor 185 may include the sensor unit 82
(of Fig. 1). The sensor unit 82 may be constructed as
disclosed hereinabove in detail for the sensor 10 of Fig.
1. The sensor 185 may further include the spacer 18 at-
tached to the sensor unit 82. The spacer 18 may be a
rigid spacer as disclosed in detail hereinabove but may
also be made as a non-rigid spacer made of any suitable
material known in the art.
[0201] A body of gel 124 is disposed within an open
chamber 113 defined by the second layer 14 of the sensor
unit 82 and by the spacer 18. The gel 124 may be any
type of suitable gel as disclosed hereinabove. For exam-
ple the gel 124 may be gelatin, or any suitable type of
lipogel or hydrogel, such as but not limited to, a polyacr-
ylamide based gel as describe hereinabove and known
in the art. It may also be possible to use any other suitable
types of natural gels (such as, but not limited to, agar,
agarose, or the like), or synthetic gels (such as, but not
limited to, synthetic hydrogels), or any other type of suit-
able gel disclosed herein or known in the art. For open
protected sensors of the present invention that are im-
plantable sensors, the gel may preferably be a biocom-
patible gel. Similarly, if the implantable protected open
sensor is to be exposed to blood, the gel may preferably
be a hemocompatible gel, as is known in the art.
[0202] Furthermore, preferably, the composition or
type of gel should be selected such that it would be sub-
stantially resistant to degradation or consumption by sub-
stances or chemicals or solvents or living cells or en-
zymes, or any other components present in the meas-
urement environment to which the sensor is exposed.
For example, if the protected sensor is disposed in a
chemical reactor, the type of protecting gel should be

selected to substantially resist degradation by any sol-
vents or chemical reactants found within the reactor. Sim-
ilarly, if the sensor is implanted in a body and is in contact
with blood (or with other tissues), the gel may be a gel
which is substantially resistant to degradation by blood
enzymes of other blood components or other tissue com-
ponents.
[0203] In accordance with an embodiment of the
present invention, the gel 124 may be disposed in the
open chamber 113 by casting a pre-gelled liquid into the
open chamber 113. For example, a warmed liquid aque-
ous gelatin solution may be introduced into the chamber
113 and allowed to solidify as it cools to room tempera-
ture. In accordance with another embodiment of the in-
vention, the chamber 113 may be filled with a liquid mix-
ture containing suitable ingredients for forming a polym-
erized and/or crossed linked gel, and the mixture allowed
to polymerize. For example, this method may be used
for forming a polyacrylamide based gel (as described ion
detail hereinabove) within the chamber 113, but any other
type of suitable polymerizable monomers and or cross-
linking compounds and initiating compounds and/or oth-
er gel precursors may be used to form other suitable type
of gel in the chamber 113.
[0204] Preferably, the gel 124 is selected such that its
acoustic impedance is close to the acoustic impedance
of the medium (not shown) or tissue(s) (not shown) in
the measurement environment to reduce the portion of
the interrogating beam of ultrasound (or other acoustic
beams, if used) reflected from the interface (not shown)
between the gel 124 and the medium or tissue present
in the measurement environment. However, this is not
obligatory, and the acoustic impedance of the gel 124
need not be equal or very close to the acoustic imped-
ance of the medium or tissue(s) in the measurement en-
vironment and some impedance mismatch may be ac-
ceptable depending, inter alia, on the signal to noise, the
sensitivity of the system used to interrogate the sensor
(s), the particular frequencies and intensities of the sonic
beam used for interrogating the sensor(s), and the actual
composition of the gel and/or of the measurement envi-
ronment.
[0205] The gel 124 is in contact with the second layer
14 and completely covers the vibratable members 14A,
14B and 14C. The gel 124 thus provides protection to
the vibratable members 14A, 14B and 14C of the sensor
unit 82 and prevents the deposition of extraneous mate-
rial from the measurement environment on the vibratable
members 14A, 14B and 14C or attachment
[0206] It is noted that while the body of gel 124 of Fig.
11 is shown as completely filling the chamber 113 up to
the top part of the spacer 18, this is not obligatory, and
the gel 124 may only partially fill the chamber 113 as long
as it completely covers the vibratable membranes 14A,
14B and 14C to prevent the changing of the resonance
frequency(s) of the vibratable membranes 14A, 14B and
14C by accumulation of extraneous material from the
measurement environment on the vibratable membranes
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14A, 14B and 14C.
[0207] Reference is now made to Fig. 12 which is a
schematic cross-sectional view illustrating a protected
passive ultrasonic pressure sensor disposed in an open
housing and protected by a gel, in accordance with an-
other embodiment of the present invention.
[0208] The protected sensor 190 includes the sensor
unit 82 disclosed hereinabove (with reference to Fig. 11),
a housing 34 as disclosed hereinabove and a body of gel
124A. The body of gel 124A is disposed in the open cham-
ber 213 such that it covers the second layer 14 and is in
contact (as seen in Fig. 12) with part of the surface 34A
of the housing 34).
[0209] The gel 124A is similar to the gel 124 (Fig. 11)
and may be composed as described hereinabove for the
gel 124. The gel 124A may be disposed in the chamber
213 of the sensor 190 using any of the methods described
hereinabove for placing the gel 124 in the chamber 113.
It is noted that while the gel 124A is shown as only partially
filling the chamber 213, it is also possible to dispose the
gel 124 within the protected sensor 190 such that the gel
124A completely fills (not shown in Fig. 12) the chamber
213 and may even protrude beyond the rims 38B of the
housing 34. For example the gel 124A may be disposed
in the housing 34 such that its upper part forms a menis-
cus (not shown) and part of the upper surface of the gel
124 protrudes beyond the level of the rims 34B.
[0210] Reference is now made to Fig. 13 which is a
schematic cross-sectional view illustrating a protected
ultrasonic pressure sensor including two different pas-
sive ultrasonic sensor units disposed within a single pro-
tective housing and covered with a gel, in accordance
with another embodiment of the present invention.
[0211] The sensor 250 of Fig. 13 is similar (but not
identical) in structure to the sensor 50 (of Fig. 3), except
that the sensor 250 does not include the compliant mem-
ber 54B of the sensor 50. The sensor 250 includes the
sensor units 55 and 57 attached to the housing 54. While
the sensor 50 of Fig. 3 has a medium 24 (a liquid or a
gel) sealed in a chamber 52, the sensor 250 of Fig. 13
includes a body of gel 124B. The sensor 250 does not
have a sealed chamber like the sealed chamber 52 of
Fig. 3. Instead, the sensor 250 has an open chamber 252
in which the body of gel 124B is disposed. The gel 124B
protects the vibratable membranes 64A, 64B of the sen-
sor unit 55 and the vibratable membranes 74A and 74B
of the sensor unit 57 from deposition of extraneous ma-
terials found in the measurement environment as dis-
closed hereinabove. It is noted that the body of gel need
not obligatorily fill the entire chamber 252 as shown in
Fig. 13. Rather, the gel may only partially fill the chamber
252, as long as it is sufficiently thick to provide adequate
protection to the vibratable membranes 64A, 64B, 74A
and 74B.
[0212] The gel body 124B may be any of the gels de-
scribed herein and may be disposed in the chamber 252
by any of the methods disclosed in detail hereinabove.
[0213] Reference is now made to Fig. 14 which is a

schematic cross-sectional view illustrating part of an
open gel-protected sensor constructed using a sensor
anchoring device or an implantable graft or implantable
device, in accordance with an additional embodiment of
the present invention. The sensor 260 includes the sen-
sor unit 82 (as disclosed in detail hereinabove and illus-
trated in Fig. 4). The sensor 260 also includes the anchor
80 (as disclosed in detail hereinabove and illustrated in
Fig. 4). The sensor unit 82 is attached to the anchor 88
as disclosed in detail hereinabove. However, in contrast
with the sensor 80 of Fig. 4, the sensor 260 does not
include the compliant member 87 and the sealed cham-
ber 90. Instead, the sensor 260 has a body of gel 124C
that is disposed in the open chamber 92 as shown in Fig.
14. The body of gel may or may not cover part of the
surface 88A of the anchor 88. While in the embodiment
of the sensor illustrated in Fig. 14, the body of gel 124C
also covers a portion of the surface 88A of the anchor
88, this is not obligatory, and the body gel may also be
disposed in the open chamber 92 such that it is approx-
imately at the same level (not shown in Fig. 14) with the
plane defined by the surface 88A of the anchor 88. Al-
ternatively, in accordance with another embodiment of
the invention, the body of gel may only partially fill (not
shown in Fig. 14) the open chamber 92, such that the
level of the upper surface of the body of gel is below the
level of the surface 88A while the gel still fully covers the
vibratable membranes 14A, 14B and 14C of the sensor
unit 82.
[0214] The gel body 124C may be any of the gels de-
scribed herein and may be formed or disposed within the
open chamber 92 by any of the methods disclosed in
detail herein.
[0215] Reference is now made to Fig. 15, which is a
schematic cross-sectional view illustrating part of a gel-
protected sensor having multiple open gel-filled cham-
bers and constructed within a sensor-anchoring device
or an implantable graft or an implantable device, in ac-
cordance with another embodiment of the present inven-
tion. The sensor 270 includes the sensor unit 82 (as dis-
closed in detail hereinabove and illustrated in Fig. 5). The
sensor 270 also includes the anchor 89 (as disclosed in
detail hereinabove and illustrated in Fig. 5). The sensor
unit 82 is attached to the anchor 89 as disclosed in detail
hereinabove. However, in contrast with the sensor 100
of Fig. 5, the sensor 270 does not include the compliant
member 87 and the sealed chambers 90A, 90B and 90C.
Instead, the sensor 270 has three bodies of gel 124D,
124E and 124F that are disposed in open chambers 91A,
91B and 91C, respectively, as illustrated in Fig. 15.
[0216] The body of gel 124D is disposed in the open
chamber 91A and overlies the vibratable membrane 14A.
The body of gel 124E is disposed in the open chamber
91B and overlies the vibratable membrane 14B. The
body of gel 124F is disposed in the open chamber 91C
and overlies the vibratable membrane 14C. The bodies
of gel 124D, 124E and 124F protect the vibratable mem-
branes 14A, 14B and 124C, respectively, from deposition

43 44 



EP 1 765 177 B1

24

5

10

15

20

25

30

35

40

45

50

55

of extraneous materials thereupon from the measure-
ment environment to prevent changes in the resonance
frequencies of the vibratable members 14A, 14B and
14C.
[0217] It is noted that the level of the gel disposed in
the chambers 91A, 91B and 91C need not obligatorily be
flush with the plane of the surface 89A of the anchor 89
as illustrated in Fig. 15. Rather, in accordance with an
embodiment of the invention, the level of any of the bod-
ies of gel 124D, 124E and 124F within their respective
chambers may be lower than the level of the surface 89A.
Alternatively, in accordance with another embodiment of
the invention (not shown in Fig. 15), a single body of gel
may be disposed on the protected sensor 270 such that
it completely fills all the chambers 91A, 91B and 91C and
also covers part of the surf-ace 89A of the anchor 89.
[0218] The gel bodies 124D, 124E and 124F may be
any of the gels described herein and may be formed or
disposed within the open chambers 91A, 91B and 91C
by any of the methods disclosed in detail herein.
[0219] Reference is now made to Fig. 16 which is a
schematic cross-sectional view illustrating an open gel-
protected passive ultrasonic pressure sensor having a
single vibratable membrane, in accordance with an em-
bodiment of the present invention.
[0220] The sensor 280 of Fig. 16 is similar (but not
identical) to the sensor 110 (of Fig. 6). The sensor 280
includes the substrate 112 and the ridge 112A thereof,
the second layer 114 having a vibratable membrane
114A overlying the sealed chamber 117, as disclosed in
detail hereinabove for the sensor 110 of Fig. 6. It is noted
that the ridge 112A of Fig. 16 does not have the opening
25 of Fig. 6 since such an opening is not needed for filling
the gel in the sensor. Furthermore, in contrast to the sen-
sor 110, the sensor 280 of Fig. 16 does not include the
compliant member 20 (of Fig. 6). The sensor 280 includes
a body of gel 124G which is disposed within the open
chamber 121, The body of gel 124G overlies the single
vibratable membrane 114A. The body of gel 124G also
overlies the surface 112C of the ridge 112A.
[0221] It is noted that the body of gel need not obliga-
torily extend to the surface 112C of the ridge 112A as
shown in the sensor embodiment illustrated in Fig. 16.
In accordance with other possible embodiments, the level
of the gel in the chamber 121 may vary such that the
level of the gel is at the level of the surface 112C of the
ridge 112A, or, is lower than the level of the surface 112C
of the ridge 112A. The gel body 124G may be any of the
gels described herein and may be formed or disposed
within the open chamber 121 by any of the methods dis-
closed in detail herein.
[0222] Reference is now made to Fig. 17 which is a
schematic cross-sectional view illustrating a multi-mem-
brane passive ultrasonic pressure sensor completely
embedded in a body of protecting gel, in accordance with
yet another embodiment of the present invention.
[0223] The embedded sensor 290 may include the
sensor unit 152 disclosed hereinabove (see Fig. 7). The

sensor unit 152 maybe disposed on or suitably attached
to a surface 301 (only a part of the surface 301 is shown
in Fig. 17 for the sake of clarity of illustration). The surface
301 may be the surface of an anchor or any other type
of sensor carrier or sensor carrying device or sensor po-
sitioning device. For example, the surface 301 may be
part of a device such as, for example, a sensor-auchoring
device, a sensor anchor (such as, but not limited to any
of the devices disclosed in U.S. Patent 6,331,163 to Ka-
plan), a sensor positioner, an implantable graft, any suit-
able part of an implantable device, a pacemaker, a defi-
brillator or a part thereof, an implantable electrode or a
part thereof, an insertable electrode or a part thereof, an
implantable catheter or a part thereof, an insertable cath-
eter or a part thereof, a stent, a part of a stent, a guide-
wire or a part thereof, an endoscopic device or a part
thereof, an autonomous or a tethered endoscopic device
or a part thereof, an implantable graft or other implant
types, or any other suitable device which may be implant-
ed in or inserted into in a body of any organism, animal
or human patient.
[0224] The surface 300 may also be a surface of a
container or any other type of enclosure surrounding or
being part of a measurement environment. For example
the surface 301 may be a part of the internal surface of
the walls of a chemical reactor, or a bioreactor or a tube
or any other enclosure or container associate with the
measurement environment.
[0225] The sensor unit 152 may be attached to the
surface 301 by using a suitable glue or by using any other
suitable attaching method or suitable attaching material
known in the art.
[0226] The protected sensor 290 further includes a
body of gel 224. The gel 224 may be any of the gels
disclosed herein. In accordance with one embodiment of
the present invention, the sensor unit 152 may first be
suitably attached or glued to the surface 301 After the
attachment of the sensor to the surface 301, a suitable
amount of the gel precursor or liquefied gel, or a mixture
of components capable of forming a gel may be disposed
on the sensor unit 152, such that it covers the sensor unit
152 and part of the surface 301. The gel may then be
allowed to set, or to solidify or to polymerize as is appro-
priate. After gel formation or polymerization or setting,
the sensor unit 152 may be embedded within resulting
body of gel 224.
[0227] If the sensor unit 152 is not initially attached or
glued to the surface 301, the body of gel 224 may also
serve for attaching the sensor unit 152 to the surface
301. In the latter case, the sensor unit may first be placed
on the surface 301 at a desired position and a drop or
other suitable amount of the gel precursor or liquefied
gel, or a mixture of components capable of forming a gel
may be disposed on the sensor unit 152, such that it
covers the sensor unit 152 and part of the surface 301.
The gel may then be allowed to set, or to solidify or to
polymerize as is appropriate.
[0228] Alternatively, in accordance with another em-
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bodiment of the present invention, a drop or other suitable
or desired amount of the gel precursor or liquefied gel,
or a mixture components capable of forming a gel may
first be disposed at a desired position on the surface 301,
the sensor unit 152 may then be placed or immersed
within the drop (or the other amount) of gel precursor or
liquefied gel, or a mixture of components capable of form-
ing a gel and the gel may then be allowed to set, or to
solidify or to polymerize as is appropriate.
[0229] It is noted that if the gel 224 is used for attaching
the sensor unit 152 to the surface 300, the sensor unit
152 may or may not touch the surface 301 because the
sensor unit 152 may be placed such that it is completely
surrounded by the body gel 224 without contacting the
surface 301. Thus, it is possible to attach the body of gel
224 to the surface 300 while having the sensor unit 152
suspended in the gel 224 without contacting the surface
301.
[0230] It is noted that, the disclosed method of embed-
ding one or more sensor units in a gel may have an ad-
ditional advantage in that it may allow sensor units which
are not made of a biocompatible material(s) to be used
for implantation in an organism or body, when the gel in
which the sensor units are embedded is a biocompatible
gel or a hemocompatible gel (for sensor units which may
be in contact with blood). Preferably, such a biocompat-
ible or hemocompatible gel is not rapidly degraded or
consumed by the components of the measurement en-
vironment, and has a sufficient thickness.
[0231] It is further noted that the method of embedding
a sensor within a body of gel illustrated in Fig. 17 is not
limited to being used with a single sensor or a single
sensor unit. Rather, multiple sensors or multiple sensor
units of any of the types disclosed herein or known in the
art may be placed or disposed or embedded within the
gel 224 that is attacked to the surface 301. This may be
advantageous when different types of sensors need to
be positioned at the same region of the surface 301 (such
as, for example, for forming a temperature compensated
sensor pair, or when using multiple sensor units having
different resonance frequency ranges, or multiple sen-
sors units for sensing and/or for determining different
physical parameters in the measurement environment,
or for any other purpose requiring a combination of struc-
turally or functionally similar or different protected sen-
sors placed in the vicinity of each other.
[0232] Reference is now made to Fig. 18 which is a
schematic cross-sectional diagram illustrating a gel-pro-
tected passive resonating pressure sensor in accord-
ance with another embodiment of the present invention.
[0233] The protected sensor 300 includes a sensor unit
302 and a body of gel 324 attached to the sensor unit
302. The sensor unit 302 includes a recessed substrate
315 having a recess 316 formed therein. The recessed
substrate 315 may be, for example a silicon substrate,
but may also be made of any other suitable material. The
recess 316 may be formed within the substrate 315 using
any forming or machining or micro-machining method

known in the art. For example, if the substrate 315 is
made of silicon, the recess 316 may be etched into the
substrate 315 using any silicon etching or micromachin-
ing method known in the art. Alternatively the substrate
315 may be made of any other suitable material known
in the art, such as, but not limited to, a metal, silicon,
boron nitride, glass, or the like, as disclosed in detail here-
inabove for the substrate layer 12 of the sensor 10.
[0234] A second substrate layer 310 may be glued or
otherwise sealingly attached to the layer 315 to form a
sealed chamber 317 using any suitable attaching method
known in the art as is disclosed for sensor 10 or other
sensors hereinabove, or as disclosed in US Patents
5,989,190 and 6,083,165 to Kaplan. The second sub-
strate layer 310 may be made of any other suitable ma-
terial known in the art, such as, but not limited to, silicon,
metal, boron nitride, glass, or the like, as disclosed in
detail hereinabove for the substrate layer 12 of the sensor
10.
[0235] The sealed chamber 317 may be evacuated to
have vacuum therein by attaching the layer 317 in a vac-
uum chamber as disclosed hereinabove, or as disclosed
in US Patents 5,989,190 and 6,083,165 to Kaplan. Alter-
natively the sealed chamber may include a gas or gases
therein at a suitable pressure level by sealingly attaching
the layer 310 to the recessed substrate 315 in a suitable
controlled atmosphere pressure chamber, as is known
in the art. The thin part of the substrate 315 forms a vi-
bratable membrane 315A that may vibrate when interro-
gated by a sonic or ultrasonic beam having an appropri-
ate frequency as disclosed in detail hereinabove for the
vibratable membranes 14A, 14B and 14C of the sensor
10. The sensor unit 302 may be used for determining the
pressure within a measurement environment as dis-
closed hereinabove in detail for the sensor 10 or any of
the other sensor disclosed hereinabove.
[0236] The protected sensor 300 may be formed by
disposing or attaching the body of gel 324 to the surface
portion 319A of the vibratable membrane 315A and to
part of the surface 319B of the non-vibratable part of the
substrate 315, as is illustrated in Fig. 18. The gel 324
may be formed on or attached to the sensor unit 302 by
using any suitable gel forming method, including but not
limited to, the methods using a gel precursor or a liquefied
gel, or a mixture of components capable of forming a gel
by polymerization and/or cross-linking as disclosed for
other sensors described hereinabove. It is noted that the
body of gel 324 may cover the entire surface 319A of the
vibratable membrane 315A so that it may protect the vi-
bratable membrane 315A from deposition or attachment
of extraneous material (not shown) on the surface 319A
of the membrane 315A. The body of gel 324 may also
cover part of the non-vibratable surface part 319B of the
substrate 315 (as is illustrated in Fig. 18). Alternatively,
the body of gel 324 may cover the entire surface 319A
of the vibratable membrane 315A and all the surface
319B of the non-vibratable thick part of the substrate 315.
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EXPERIMENT 1

[0237] The experiment was performed using the multi-
membrane passive ultrasonic pressure sensor 20 illus-
trated in Figs. 2 and 3 of co-pending U.S. Patent Appli-
cation Serial No. 10/828,218 to Girmonski et al., now US
published application number 20040211260A1. The sen-
sor was first placed on a slab of gelatin. The gelatin slab
was prepared from a commercial food grade gelatin pow-
der mixed with warm water (42% w/w) and cast to form
a slab having a thickness (height) of approximately six
centimeters. The gelatin slab was placed in a controlled
pressure chamber, and the sensor was positioned on top
of the gelatin slab. The gelatin slab and the sensor were
then covered with water and interrogated at various dif-
ferent pressure levels by an ultrasonic beam having a
carrier frequency at 750 KHz and eleven sensor exciting
frequencies of 72KHz, 74KHz, 76 KHz, 78 KHz, 80 KHz,
82 KHz, 84 KHz, 86 KHz, 88 KHz, 90 KHz and 92KHz
using the Doppler method disclosed by Girmonsky et al.
in the above referenced US published application
number 20040211260A1, to obtain a first measurement
data set and to determine the resonance frequency of
the sensor at each known pressure level in the pressure
chamber.
[0238] The gelatin slab and the pressure sensor were
then taken out of the pressure chamber and placed in a
container. A warm solution of commercial food grade gel-
atin in water (42% w/w) was poured into the container
such that it completely covered the sensor and the first
gel slab on which the sensor was positioned and was
allowed to cool to room temperature to solidify the cast
gelatin. The thickness of the gelatin layer covering the
sensor was approximately four centimeters. The sensor
was thus completely embedded in a block of gelatin, such
that the vibratable membranes of the sensor were in con-
tact with and covered by the gelatin. The same series of
resonance frequency versus pressure measurements
were performed again by placing the resulting block of
gelatin with the sensor embedded therein in the same
controlled pressure chamber and repeating the meas-
urements of the resonance frequencies for the same ex-
perimental pressure levels using the same interrogating
ultrasound beam parameters, to obtain a second meas-
urement data set. When the dependence of the sensor’s
resonance frequency on the pressure level was com-
pared for the first and second sets of measurements,
there was no substantial difference between the data set
for the bare (non-gelatin covered) sensor and for the
same sensor completely embedded in gelatin. This ex-
periment indicates that the sensor used in the experiment
may be protected by a gel without substantially affecting
the dependence of the resonance frequency of the sen-
sor’s vibratable membranes on the external pressure.

EXPERIMENT 2

[0239] The experiment was performed using the multi-

membrane passive ultrasonic pressure sensor 20 illus-
trated in Figs. 2 and 3 of co-pending U.S. Patent Appli-
cation Serial No. 10/828,218 to Girmonski et al., now US
published application number 20040211260A1. The sen-
sor was first placed in a controlled pressure chamber,
covered with water and interrogated at various different
pressure levels by an ultrasonic beam ,as described for
EXPERIMENT 1 above, to obtain a first measurement
results data set and to determine the resonance frequen-
cy of the sensor at each known pressure level in the pres-
sure chamber. The sensor was then taken out of the wa-
ter and the upper part of the sensor (including the nine
vibratable membranes of the sensor) was then covered
with a thin layer of gelatin (42% w/w in water) prepared
as disclosed in EXPERIMENT 1 above, by casting the
warm gelatin solution on the upper surface of the sensor
and letting the gel solidify. The thickness of the gelatin
layer covering the upper part of the sensor and covering
the vibratable membranes of the sensor was approxi-
mately 150 microns. The gel protected sensor was then
covered with water and the same series of resonance
frequency versus pressure measurements were per-
formed again in the same controlled pressure chamber
to obtain a second measurement data set.
[0240] When the dependence of the sensor’s reso-
nance frequency on the pressure level was compared
for the first and second measurements data sets, there
was no substantial difference between the data set for
the naked (non-gelatin covered) sensor and for the same
sensor covered with a thin gelatin layer. This experiment
indicates that the sensor used in the experiment, may be
protected by a thin layer of gel without substantially af-
fecting the dependence of the resonance frequency of
the sensor’s vibratable membranes on the external pres-
sure.
[0241] It is noted that the various parts and compo-
nents of the drawing Figures (Figs. 1-18) are not drawn
to scale and the dimensions and shapes are drawn for
illustrative purposes only (for the sake of clarity of illus-
tration) and may not represent the actual dimensions of
the various illustrated components. For example, the cur-
vature of the vibratable membranes 14A, 14B and 14C
of the second layer 14 (of Fig. 1) is greatly exaggerated
(for illustrative purposes) relative to the actual curvature
of the vibratable membranes of actual sensors.
[0242] It is further noted that while the particular ex-
amples of the sensors disclosed hereinabove and illus-
trated in Figs. 1-18 are adapted for pressure measure-
ments, the protected sensors of the present invention
may be also used as temperature sensors as is known
in the art and as disclosed hereinabove. It may generally
be also possible to use the gel-protected resonating sen-
sors of the present invention for determination of other
physical parameters within a measurement environment,
if the measured parameters influence the resonance fre-
quency of the vibratable part(s) or vibratable membrane
(s) of the sensor. Generally, covering any type of reso-
nating sensor unit(s) with a gel such that at least the
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resonating parts (such as, but not limited to, resonating
members or resonating membranes, or the like) of the
sensor unit(s) are covered by the gel, or embedding the
resonating sensor unit(s) in a gel may provide protection
to the resonating parts of the sensor unit(s) and may pre-
vent accumulation of extraneous material from the meas-
urement environment onto the resonating parts, without
substantially affecting the resonance frequency charac-
teristics of the resonating sensor unit(s).
[0243] It is further noted that other types of resonating
sensors such as the sensors disclosed, inter alia, in U.S.
Patents 5,619,997, 5,989,190 and 6,083,165 to Kaplan,
or any other sensors known in the art, may be implement-
ed as protected sensors by suitable use of a compliant
member and a non-compressible medium to form a
sealed chamber filled with the non-compressible medium
in which the non-compressible medium transmits the
physical variable to be measured to the vibratable part
of the sensor or to a suitable coupler coupled to the vi-
bratable part.
[0244] It will be appreciated by those skilled in the art
that the protected sensors of the present invention may
be used for determining the value of a physical variable
by using various different measurement methods. For
example, the resonance frequency of the vibratable part
(s) or the vibratable membrane(s) of the protected sen-
sors disclosed hereinabove may be determined by using
a continuous beam, or a pulsed beam, or a chirped beam
of ultrasound for interrogating the protected sensors of
the present invention and by measuring either the ab-
sorption of the energy of the exciting beam by the sensor,
or the ultrasonic signal emitted by or returned from the
sensor as is known in the art. Methods and systems, for
performing such measurement of the resonance fre-
quency of passive sensors are disclosed in detail in U.S.
Patents 5,619,997, 5,989,190 and 6,083,165, and
6,331,163 to Kaplan, and in U.S. Patent Application Se-
rial No. 10/828,218 to Girmonski et al., now US published
application number 20040211260A1.
[0245] It is, however, noted that the methods for pro-
tecting resonating sensors disclosed hereinabove are
not limited for passive ultrasonic sensors disclosed here-
inabove or to any particular measurement method dis-
closed hereinabove, but may be applied to any type of
measurement method suitable for use with any type of
resonating sensors, such as but not limited to, passive
resonating sensors, active resonating sensors, optically
interrogated active or passive resonating sensors, ca-
pacitive resonating sensors, or any other resonating sen-
sor known in the art which has at least part of its reso-
nating structure exposed to the measurement environ-
ment or medium.
[0246] It is further noted that during the construction
of the protected sensors of the present invention (such
as, for example, the sealed chamber 22 of the protected
sensor 10) when the sealed chamber is filled with the
medium 24 and sealed, care should be taken to avoid
the trapping of any bubbles of gas or air in the sealed

chamber. While it may still be possible to use a protected
sensor containing such bubbles or gas filled spaces for
performing measurements (depending, inter alia, on the
size and cross-sectional area of such bubbles or gas filed
spaces), such bubbles or any amount of gas or air
trapped in the non-compressible medium 24 may unde-
sirably affect or degrade the performance of the protected
sensor because it introduces a compressible part (the
gas in the space or a bubble containing a gas or gases)
into the medium in the sealed chamber which may affect
the actual pressure experienced by the vibratable mem-
branes (such as, for example, the vibratable membranes
14A, 14B and 14C of the sensor unit 82) of the protected
sensor, which may in turn introduce a certain measure-
ment error. Additionally, gas bubbles trapped in the me-
dium 24 contained within the sealed chamber may reflect
or scatter part of the interrogating ultrasound beam,
which may also undesirably affect the sensor’s perform-
ance or the measurement system’s performance.
[0247] Similarly, when constructing the open gel pro-
tected or gel covered sensors (such as, but not limited
to the sensors illustrated in Figs. 11-18), care should be
taken to avoid or minimize the formation or trapping of
gas bubbles within the gel body or bodies or layers pro-
tecting the sensors. Such bubbles may reflect or scatter
part of the interrogating ultrasound beam, which may un-
desirably affect the sensor’s performance or the meas-
urement system’s performance. The formation and trap-
ping of bubbles in the gels may be reduced or avoided
by using suitable de-airing or degassing of the pre-gelled
liquid or the pre-polymerized gel precursor mixture, as is
known in the art, or by using any suitable degassing or
de-bubbling method known in the art, for removing ex-
isting bubbles or for preventing or reducing bubble for-
mation within the gel.
[0248] Furthermore, the protected sensors of the
present invention and parts thereof may be constructed
of multilayered materials. For example, any of the re-
cessed substrates, spacers, housings, and anchoring
devices used in the construction of any of the protected
sensors disclosed herein and illustrated in the drawings
may (optionally) be formed as a multi-layered structure
comprising more than one layer of material. Moreover, if
such multi-layered structures are used in a part of the
protected sensor, some of the layers may or may not
include the same materials.
[0249] Moreover, while the examples disclosed here-
inabove use certain exemplary gel types for implement-
ing the protected sensors of the invention, many other
types of gels may also be used. For example, many other
types of gels may be used in implementing the protected
sensors of the present invention, such as, but not limited
to, polyvinyl alcohol (PVAL) based gels, polyvinylpyrro-
lidone (PVP) based gels, polyethylene oxide (PEO)
based gels, polyvinylmethyl ester (PVME) based gels,
polyacrylamide (PAAM) based gels, or any other type of
suitable gel, lipogel or hydrogel known in the art.
[0250] It is noted that when the selected gel forming
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method includes the polymerization of a mixture contain-
ing suitable gel forming monomers (with or without cross-
linking agents), the polymerization may be induced by
any suitable method known in the art. For example one
possible method of forming a gel is adding a polymeri-
zation initiating agent to a solution containing a monomer
and (optionally a cross-linking agent). The polymeriza-
tion initiating agent may be a suitable free-radical forming
agent, such as, but not limited to, potassium persulphate
in the case of using polyacrylamide forming monomers,
or any other suitable polymerization initiating compound
known in the art). However, It may also be possible to
use other methods for initiating a polymerization of a
monomer such as irradiating a suitable monomer solution
(with or without suitable cross-linking agents or other co-
polymers) with light having a suitable wavelength (such
as, but not limited ultraviolet light, or light having other
suitable wavelengths, or by using other types of ionizing
radiation or other types of radiation. However, any other
suitable method for initiating polymerization known in the
art may be used in forming a gel included in or attached
to, or encapsulating the protected sensors of the present
invention.
[0251] As discussed hereinabove, preferably, the
acoustic impedance of the gel should be close to the
acoustic impedance of the medium or tissue(s) present
in the measurement environment. Additionally, if the gel
is to be exposed to the medium in the measurement en-
vironment, the composition of the gel should, preferably,
be adapted to be compatible with the medium to avoid
excessive degradation or decomposition of the gel by the
medium in the measurement environment. If the gel-pro-
tected sensor is a sensor of the type disclosed in Figs.
11-18 and is implanted in a body, the gel which may be
exposed to the other bodily tissues or blood or other bod-
ily fluids should, preferably, be a biocompatible gel, as
is known in the art.
[0252] It is further noted that the vibratable members
or membranes (or resonating members or membranes)
of the sensor units used in the protected sensors of the
present invention may have many different shapes
and/or geometries. For example, the vibratable mem-
branes of the passive ultrasonic sensor units disclosed
hereinabove (such as, but not limited to, the vibratable
membranes of the sensors illustrated in Figs, 1-18) may
have a circular shape, a rectangular shape, a polygonal
shape, or any other shape known in the art and suitable
for a vibratable resonator, as is known in the art.
[0253] It will be appreciated by those skilled in the art
that the methods disclosed hereinabove for protecting a
sensor and for constructing protected sensor are not lim-
ited to the various exemplary embodiments disclosed
and illustrated herein, and may be applied to other dif-
ferent sensors having vibratable parts or vibratable mem-
bers or vibratable membranes. For example, the meth-
ods disclosed hereinabove may be applied to the com-
pensated passive ultrasonic sensors described in U.S.
Patents 5,989,190 and 6,083,165 to Kaplan, to construct

protected compensated passive ultrasonic sensors that
are considered to be within the scope of the present in-
vention.
[0254] It will be appreciated that while the embodi-
ments of the protected resonating sensors and the meth-
ods for protecting resonating sensors of the present in-
vention are illustrating as applied to passive resonating
sensors, the methods and protected sensors of the
present invention may be easily adapted for implemen-
tation using active resonating sensors known in the art
by modifications and adaptations that may be easily im-
plemented by those skilled in the art. The scope of the
present invention therefore also includes protected sen-
sor and methods for protecting sensors applied to any
suitable active resonating sensor units known in the art.
[0255] It is noted that in all of the protected sensors
(with or without a compliant member) disclosed herein it
is possible to coat or cover the entire surface of the pro-
tected sensor or a part of the sensor (such as, but not
limited to, the housing of the sensor and/or the non-vi-
bratable part(s) of a sensor unit or the compliant member
of a protected sensor) with a thin layer of material having
special desired properties (the covering layer is not
shown in the drawing figures for the sake of clarity of
illustration). The addition of the covering layer may be
done before, during or after the assembling or construc-
tion of the sensor, as is appropriate for specific sensor
types. When such a covering layer is added on the com-
pliant member the material of the layer should be suffi-
ciently compliant and the covering layer may, preferably,
have an acoustic impedance which is close to or equal
to the acoustic impedance of the compliant member
and/or the medium in the measurement environment.
[0256] The covering layer should be sufficiently com-
pliant so as not to impair the sensor’s performance. The
covering layer may include one or more materials that
may have a desired property, or may confer a desired
property to any part of the sensor unit or of the protected
sensor or may achieve a desirable effect. For example,
the covering layer may include one or more hydrophilic
materials or hydrophobic materials to confer desired hy-
drophilic or hydrophobic properties, respectively, to the
protected sensor or to a part thereof. Furthermore, the
covering layer may include one or more materials that
may have desired hydrodynamic surface properties such
as but not limited to the resistance (or friction coefficient)
to flow of a fluid or liquid in contact with the surface of
the coating layer.
[0257] Additionally, the covering layer may include one
or more materials that may have one or more desired
biological properties. For example, such material(s) may
affect the growth of biological tissues or cells, as is known
in the art. Biological effects may include but are not limited
to, induction or inhibition of endothelial cell growth (or
endothelial cell monolayer growth), affecting blood clot
formation, inhibiting or promoting blood cell deposition
and/or adhesion, or any other desirable biological effect
(s) known in the art.
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[0258] Alternatively or additionally, the present inven-
tion also includes modifying the surface properties of the
compliant member(s) of the protected sensor, or the sur-
face of the body of gel in the open protected gels of the
present invention, or of any other surface of any other
part of the protected sensor (such as, but not limited to,
the housing of the sensor, or a sensor anchor, or a spacer,
or the like), using any suitable surface treatment or sur-
face modification method known in the art, useful for
changing the surface properties of the protected sensor
or a part thereof. Such methods may include any chem-
ical methods and/or physical methods for modifying a
surface, as is known in the art. For example the protected
sensor or any part(s) thereof may be treated chemically
to change their surface properties, including but not lim-
ited to chemical surface properties, surface hydropho-
bicity, surface hydrophilicity, rheological surface proper-
ties, biological surface properties, surface resistance to
deposition of cells or tissues thereon, or the like. The
chemical treatment may be achieved by either chemically
modifying surface chemical groups of the surface as is
known in the art (such as, for example sillanization of
surface hydroxyl groups), or by suitably attaching various
different chemical molecules or biological molecules to
the surface (with or without using linking molecules or
agents). Such molecules or agents may include, but are
not limited to, proteins, peptides, drugs, polysaccharides,
lipids, glycolipids, lipoproteins, glycoproteins, proteogly-
cans, extracellular matrix components, nucleic acids,
polynucleotides, RNA, DNA, anti-sense nucleic acid se-
quences, receptors, enzymes, antibodies, antigens, en-
zyme inhibitors, cell proliferation inhibitors, growth regu-
lating factors, growth inhibiting factors, growth promoting
factors, anti-coagulant agents, anti-clotting agents, tu-
mor inhibiting drugs, tumor inhibiting factors, tumor sup-
pressing agents, anti-cancer drugs, or any other type of
molecule or factor or drug or agent having a desired bi-
ological or therapeutic property or effect, as is known in
the art. Any suitable method known in the art may be
used for performing such surface derivatization or sur-
face modification or surface treatment, or surface attach-
ment of agents or molecules, to any desired surface of
the protected sensors of the present invention. Such
methods for treating and/or modifying surfaces are well
known in the art and will therefore not be discussed in
details hereinafter.
[0259] It is noted that if the body of gel is treated to
modify it’s surface properties, care should be taken to
ensure that the gel treatment or chemical modification
that is used for modifying the surface properties of the
protecting body of gel does not substantially change the
properties of the gel that ensure proper transmission of
the measured physical variable (such as, but not limited
to, the pressure in the measurement environment)
through the body of gel, or the acoustic impedance of the
gel, and does not adversely affect the performance of
the protected sensor.
[0260] In accordance with an additional embodiment

of the present invention, the body of gel of the protected
sensors of the invention may function as a reservoir for
releasing a desired substance. The body of gel (includ-
ing, but not limited to, the bodies of gel 124, 124A, 124B,
124C, 124G, 224 and 324) may include one or more sub-
stances which may include, but are not limited to, pro-
teins, peptides, different drugs or therapeutic agents,
polysaccharides, lipids, glycolipids, lipoproteins, glyco-
proteins, proteoglycans, extracellular matrix compo-
nents, nucleic acids, polynucleotides, RNA, DNA, anti-
sense nucleic acid sequences, receptors, enzymes, an-
tibodies, antigens, enzyme inhibitors, cell proliferation in-
hibitors, growth regulating factors, growth inhibiting fac-
tors, growth promoting factors, anti-coagulant agents,
anti-clotting agents, tumor inhibiting drugs, tumor inhib-
iting factors, tumor suppressing agents, anti-cancer
drugs, or any other type of molecule or factor or drug or
agent having a desired biological or therapeutic property
or effect, as is known in the art. Such substances may
be introduced into the body of gel before the gel is dis-
posed in or applied to the protected sensor by introducing
the substance(s) into the gel or the gel forming liquid at
the stage preparing the gel. Alternatively, the substance
(s) may be introduced into the body of gel after the gel
is placed in or disposed on the protected sensor. For
example, the desired substance(s) may be introduced
into the body gel by placing the protected sensor in a
suitable solution containing the substance(s). The sub-
stance(s) may then enter the body of gel by diffusion.
[0261] The body of gel may thus operate as a sub-
stance(s) reservoir when implanted in a body or an or-
ganism and may release the substance(s) into the blood
(if implanted in a part of a cardiovascular system) or into
any other body fluids or interstitial fluid depending on the
site of implantation of the sensor. The release of such
substance(s) may be advantageous by affecting the
growth of biological tissues or cells, as is known in the
art. Effects of the released substance(s) may include but
are not limited to, induction or inhibition of endothelial
cell growth (or endothelial cell monolayer growth), affect-
ing blood clot formation, inhibiting or promoting blood cell
deposition and/or adhesion, or any other desirable bio-
logical effect(s) known in the art. Such effects may reduce
or prevent deposition of blood cells or other substances
or tissues on the gel. Additionally, the release of the sub-
stance(s) or drugs from the gel may also have a desired
therapeutic effect on tissues, cells or other targets in the
vicinity of the sensor, irrespective of their efficacy in re-
ducing cell or tissue deposition on the gel. For example,
suitable drugs or substances released from the gel of an
ultrasonic protected pressure sensor implanted in a cor-
onary artery may reduce atherosclerotic plaque forma-
tion in the coronary blood vessel. Other drugs or sub-
stances may induce other desired therapeutic effects at
or near the site of implantation of the sensor, as is known
in the pharmaceutical art. It is noted that the type of gel
used in the protected sensor may affect the type of sub-
stance(s) or drugs that may be included and effectively
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released from the gel. For example a suitable lipogel or
hydrophobic gel may be used for storing and releasing
lipophilic or hydrophobic substances or drugs, while a
hydrogel may be used to store and release hydrophilic
or polar substances or drugs. Thus different types of gels
may be selected to store and release different types of
drugs and substances.
[0262] The composition and properties of the protect-
ing gel may also be selected to reduce or inhibit the dif-
fusion of proteins (such as, inter alia, collagen) or other
substances (for example, substances included in the
measurement environment in a reactor or bioreactor, or
the like) into the body of gel protecting the sensor(s) and
their possible deposition onto the vibratable member(s)
or membrane(s) of the sensor unit(s). Such properties
may include, inter alia, the gel’s porosity, the molecular
sieve properties and degree of cross-linking, the pres-
ence of ionizable groups or electrically charged groups
or polar groups or apolar groups or hydrophobic groups
in the gel’s chemical composition, the gel’s hydrophobic
properties, or any other gel property which may desirably
reduce or prevent the ability of proteins or other substanc-
es or molecules to diffuse into the gel and to eventually
be deposited on the vibratable sensor parts. For exam-
ple, lipophilic gel compositions may retard or reduce the
diffusion of collagen (and/or other proteins or substanc-
es) through the gel and its deposition on the vibratable
sensor parts, but other different gel types or compositions
may also be used.
[0263] Additionally, the gel may also be used as a res-
ervoir of suitable substance(s) or agents or molecules
which may be incorporated into the gel using any of the
methods disclosed hereinabove and known in the art,
and which may retard or reduce the diffusion of collagen
(and/or other proteins or substances) through the gel and
its deposition on the vibratable sensor parts. Such sub-
stances may function, inter alia, by changing the proper-
ties of the gel upon being incorporated or introduced into
the gel. When selecting the gel’s composition or adding
or incorporating substances to the gel to retard or reduce
diffusion and deposition of foreign substances, it should
be born in mind that the acoustic impedance of the se-
lected gel composition should, preferably (but not oblig-
atorily), be close to or equal to the acoustic impedance
of the medium in measurement environment, as ex-
plained in detail hereinabove.
[0264] It is noted that the body of gel protecting the
vibratable members or parts of the resonating sensors
need not necessarily be a single contiguous body of gel
but may also comprise several non contiguous bodies of
gel (as is shown in detail in Figs 7 and 15). Moreover, in
accordance with other embodiment of the present inven-
tion, more than one body of gel may be used in a single
protected sensor. For example, in the sensor 260 of Fig.
14, it may be possible to attach a separate block of gel
(not shown in Fig. 14) to each of the vibratable mem-
branes 14A, 14B and 14C. Similarly, in the protected sen-
sor 250 of Fig. 13 it may be possible to replace the single

body of gel 252 by two non-contiguous bodies of gel (not
shown), such that a first body of gel (not shown) is at-
tached to the sensor unit 55 and the second body of gel
(not shown) is attached to the sensor unit 57. Similarly,
turning briefly to Fig. 17, the body of gel 224 may be
replaced with two bodies of gel (not shown) each suitably
attached to one of the vibratable membranes 144A and
144B. The protected sensor 290 (of Fig. 17) may also be
modified by embedding two or more separate sensor
units (not shown) in the body of gel 224 instead of the
single embedded sensor unit 152. Similar permutations
and modifications may be similarly used for any of the
protected sensors disclosed hereinabove and illustrated
in the drawing figures. These permutations and modifi-
cations are considered to be within the scope of the
present invention.
[0265] While the invention has been described with re-
spect to a limited number of embodiments, it will be ap-
preciated that many variations, permutations and modi-
fications may be made to the structure, dimensions, ma-
terial composition, number and shape of the resonating
members, number and/or shape of bodies of gel per pro-
tected sensor or per sensor unit, and construction meth-
ods of the protected sensors of the present invention,
and other numerous applications of the protected sen-
sors of the present invention which are all considered to
be within the scope of the present invention.

Claims

1. An implantable protected passive ultrasonically ac-
tivatable resonating sensor (185; 190; 250; 260; 270;
280; 290; 300) configured to be implanted within a
body, the sensor comprising:

one or more resonating sensor units (55; 57; 82;
112+114; 152; 302), each sensor unit of said
one or more resonating sensor units has at least
one vibratable member (14A; 14B; 14C; 64A;
648; 74A; 74B; 114A; 144A; 144B; 315A) having
a resonance frequency that varies as a function
of a physical variable within said body, said at
least one vibratable member (14A; 14B; 14C;
64A; 64B; 74A; 74B; 114A; 144A; 144B; 315A)
is configured for being excited by an external
ultrasonic beam directed at said one or more
sensor units (55; 57; 82; 112+114; 152; 302),
when said protected sensor is implanted within
said body and for producing an ultrasonic signal
receivable by an ultrasonic receiver disposed
outside of said body; and characterized in that
said sensor further comprises
at least one body of gel (124; 124A; 124B; 124C;
124D; 124E; 124F; 124G; 224; 324) in contact
with said at least one vibratable member (14A;
14B; 14C; 64A; 64B; 74A; 74B; 114A; 144A;
144B; 315A) of said one or more resonating sen-
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sor units (55; 57; 82; 112+114; 152; 302).

2. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 1 wherein said gel has
an acoustic impedance and the acoustic impedance
of said at least one body of gel (124; 124A; 124B;
124C; 124D; 124E; 124F; 124G; 224; 324) is close
to or equal to the acoustic impedance of a medium
disposed in said body.

3. The protected sensor according to any of the pre-
ceding claims wherein the acoustic impedance of
said at least one body of gel (124; 124A; 124B; 124C;
124D; 124E; 124F; 124G; 224; 324) is close to or
equal to the acoustic impedance of one or more tis-
sues of said body.

4. The protected sensor (290) according to any of the
preceding claims wherein said one or more resonat-
ing sensor units (152) are embedded in said at least
one body of gel (224).

5. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224;324)
completely covers all the vibratable members includ-
ed in said one or more resonating sensor units (55;
57; 82; 112+114; 152; 302).

6. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224; 324) is
selected from a synthetic gel, a natural gel, a hydro-
gel, a lipogel, a hydrophobic gel, a hydrophilic gel, a
biocompatible gel, a hemocompatible gel, a polymer
based gel, a cross-linked polymer based gel and
combinations thereof.

7. The protected sensor (190; 250) according to any of
the preceding claims wherein said protected sensor
(190; 250) further includes a housing (34; 54).

8. The protected sensor (190; 250) according to claim
7 wherein said at least one body of gel (124A; 124B)
at least partially fills said housing (34; 54).

9. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any one of claims 1-3 or 5-6,
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224; 324)
comprises at least one thin layer of gel attached to
said at least one vibratable member (14A; 14B; 14C;
64A; 64B; 74A; 74B; 114A; 144A; 144B; 315A) of
said one or more resonating sensor units (55; 57;
82; 112+114; 152; 302).

10. The protected sensor (185; 190; 250; 260; 270; 280)
according to any of the preceding claims wherein
said one or more resonating sensor units (82; 55;
57;112+114) are disposed within at least one open
chamber (113; 213; 252; 92; 91A; 91B; 91C; 121).

11. The protected sensor according to claim 10 wherein
said at least one open chamber (113; 213; 252; 92;
91A; 91B; 91C; 121) is selected from,
at least one chamber (252; 92; 91A; 91B; 91C)
formed within a sensor anchoring device (88; 89),
and
at least one chamber (252; 92; 91A; 91B; 91C) com-
prising part of a sensor anchoring device (88; 89).

12. The protected sensor according to claim 11 wherein
said sensor anchoring device (88; 89) is selected
from a sensor anchor, a sensor positioner, an im-
plantable graft, a sensor fixating device, an implant,
an implantable device, an implantable graft, a part
of an implantable device, a pacemaker, a part of a
pacemaker, a defibrillator, a part of a defibrillator, an
implantable electrode, an insertable electrode, an
endoscopic device, a part of an endoscopic device,
an autonomous endoscopic device, a part of an au-
tonomous endoscopic device, a tethered endoscop-
ic device, a part of a tethered endoscopic device, an
implantable catheter, an insertable catheter, a stent,
a part of a stent, a guide-wire, a part of a guide-wire,
an implantable therapeutic substance releasing de-
vice, and an insertable therapeutic substance re-
leasing device.

13. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said at least one resonating sensor unit (55;
57; 82; 112+114; 152; 302) is selected from a pas-
sive sensor unit (55; 57; 82; 112+114; 152; 302), a
passive resonating sensor unit (55; 57; 82; 112+114;
152; 302), a pressure sensor (55; 57; 82; 112+114;
152; 302), a passive ultrasonic pressure sensor (55;
57; 82; 112+114; 152; 302), and a sensor for sensing
the concentration of a chemical species within said
body.

14. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims,
wherein at least one resonating sensor unit of said
one or more resonating sensor units (82; 55; 57;
112+114; 152; 302) comprises,
a substrate (12; 62; 72; 112; 132; 315) having one
or more recesses (16; 66A, 66B; 63A; 63B; 116;
136A; 136B; 316) formed therein, and
a second layer (14; 64; 74; 114; 144; 310) sealingly
attached to said substrate to form one or more sealed
sensor unit chambers (17; 67A; 67B; 69A; 69B; 117;
137A; 137B; 317) within said at least one resonating
sensor unit (82; 55; 57; 112+114; 152; 302).
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15. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 14 wherein said at least
one vibratable member of said at least one resonat-
ing sensor unit is selected from,
at least one vibratable member (315A) comprising a
portion of said substrate (315), and
at least one vibratable member (14A; 14B; 14C; 64A;
64B; 74A; 74B; 114A; 144A; 144B) comprising a por-
tion of said second layer (14; 64; 74; 114; 144) over-
lying said one or more recesses (16; 66A, 66B; 63A;
63B; 116; 136A; 136B).

16. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 14 wherein each sealed
sensor unit chamber of said one or more sealed sen-
sor unit chambers (17; 67A; 67B; 69A; 69B; 117;
137A; 137B; 317) has a pressure level therewithin.

17. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 16 wherein said pres-
sure level is selected from a zero pressure level and
a non-zero pressure level.

18. The protected sensor (250) according to claim 16
wherein said protected sensor (250) comprises a first
resonating sensor unit (55) having one or more
sealed sensor unit chambers (67A; 67B) and at least
a second resonating sensor unit (57) having one or
more sealed sensor unit chambers (69A; 69B), and
wherein the pressure level within at least one sealed
sensor unit chamber (67A; 67B) of said first resonat-
ing sensor unit (55) is different than the pressure
level within at least one sealed sensor unit chamber
(69A; 69B) of said at least second resonating sensor
unit (57).

19. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said one or more resonating sensor units
(55; 57; 82; 112+114; 152; 302) are selected from,
at least one passive ultrasonic pressure sensor unit
(112+114; 302) having a single vibratable member
(114A; 315A), and
at least one passive ultrasonic pressure sensor unit
(55; 57; 82; 152) having multiple vibratable members
(14A; 14B; 14C; 64A; 64B; 74A; 74B; 144A; 144B).

20. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said protected sensor is a biocompatible
sensor.

21. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 20 wherein one or more
of the components of said implantable protected sen-
sor (185; 190; 250; 260; 270; 280; 290; 300) com-
prises one or more materials selected from biocom-
patible materials and hemocompatible materials.

22. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of claims 20-21 wherein
said protected sensor (185; 190; 250; 260; 270; 280;
290; 300) is configured for implantation within a part
of said body selected from, an eye, a urether, a car-
diac chamber, a cardiovascular system, a part of a
cardiovascular system, an annurismal sac after en-
dovascular repair, a spine, an intervertebral disc, a
spinal cord, a spinal column, an intracranial compart-
ment, an intraluminal space of a blood vessel, an
artery, a vein, an aorta, a pulmonary blood vessel,
a carotid blood vessel, a brain blood vessel, and a
coronary artery, a femoral artery, an iliac artery, a
hepatic artery, a renal artery and a vena cava.

23. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein at least part of the surface of said protected
sensor (185; 190; 250; 260; 270; 280; 290; 300) is
a modified surface having modified surface proper-
ties.

24. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 23 wherein said modi-
fied surface properties are selected from physical
surface properties, chemical surface properties,
electrochemical surface properties, biological sur-
face properties, surface resistance to deposition of
cells or tissues thereon, rheological surface proper-
ties, and any combinations thereof.

25. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 23 wherein said modi-
fied surface is a chemically treated surface.

26. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims,
wherein said protected sensor (185; 190; 250; 260;
270; 280; 290; 300) also includes at least one non-
resonating sensor unit.

27. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 23 wherein said modi-
fied surface is a surface of said at least one body of
gel (124; 124A; 124B; 124C; 124D; 124E; 124F;
124G; 224; 324).

28. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims,
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224; 324)
comprises at least one releasable substance.

29. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to claim 28 wherein said at least
one releasable substance is selected from the group
consisting of a protein, a peptide, a drug, a thera-
peutic agent, a polysaccharide, a lipid, a glycolipid,
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a lipoprotein, a glycoprotein, a proteoglycans, an ex-
tracellular matrix component, a nucleic acid, a poly-
nucleotide, RNA, DNA, an anti-sense nucleic acid
sequence, a receptor, an enzyme, an antibody, an
antigen, an enzyme inhibitor, a cell proliferation in-
hibitor, a growth regulating factor, a growth inhibiting
factor, a growth promoting factor, an anti-coagulant
agent, an anti-clotting agent, a tumor inhibiting drug,
a tumor inhibiting factor, a tumor suppressing agent,
an anti-cancer drug, and any combinations thereof.

30. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224; 324)
comprises a substantially non-compressible gel.

31. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224; 324)
comprises a gel having a composition capable of re-
tarding or reducing the diffusion of one or more sub-
stances into said gel.

32. The protected sensor (185; 190; 250; 260; 270; 280;
290; 300) according to any of the preceding claims
wherein said at least one body of gel (124; 124A;
124B; 124C; 124D; 124E; 124F; 124G; 224; 324)
comprises a gel having a composition capable of re-
tarding or reducing the deposition of one or more
substances onto said at least one vibratable member
(14A; 14B; 14C; 64A; 64B; 74A; 74B; 114A; 144A;
144B; 315A) of said one or more resonating sensor
units (55; 57; 82; 112+114; 152; 302).

33. A method for constructing a protected passive ultra-
sonically activatable resonating sensor configured
to be implanted within a body, the method comprising
the steps of:

providing one or more resonating sensor units,
each sensor unit of said one or more resonating
sensor units has at least one vibratable member
having a resonance frequency that varies as a
function of a physical variable within said body,
said at least one vibratable member is config-
ured for being excited by an external ultrasonic
beam directed at said one or more sensor units
and for producing an ultrasonic signal receivable
by an ultrasonic receiver disposed outside of
said body; and characterized in that it further
comprises the step of
attaching at least one body of gel to said one or
more resonating sensor units.

34. The method according to claim 33 wherein said step
of attaching comprises covering all the vibratable

members of said one or more resonating sensor
units with said gel.

35. The method according to claim 33 wherein said step
of attaching comprises,
applying a liquefied gel to cover at least all the vi-
bratable members of said one or more resonating
sensor units with said liquefied gel, and
allowing said liquefied gel to solidify.

36. The method according to claim 35 wherein said liq-
uefied gel is obtained by heating a liquefiable gel.

37. The method according to claim 33 wherein said step
of attaching comprises,
applying a liquid comprising at least one gel precur-
sor to cover at least all the vibratable members of
said one or more resonating sensor units with said
liquid, and
allowing said at least one body of gel to form from
said liquid.

38. The method according to claim 33 wherein said at
least one gel precursor comprise at least one mon-
omer capable of being polymerized to form said at
least one body of gel.

39. The method according to claim 33 wherein said step
of attaching comprises embedding said one or more
resonating sensor units within said at least one body
of gel.

40. The method according to claim 33 wherein said step
of attaching comprises completely embedding or
partially embedding said one or more resonating
sensor units in said at least one body of gel wherein
said at least one body of gel is attached to a surface.

41. The method according to claim 40 wherein said sur-
face is selected from, a surface of a sensor housing,
a surface of a sensor anchoring device, a surface of
an implantable graft, a surface of an implantable de-
vice, a surface of an implant, a surface of an insert-
able device, and a surface of an enclosure surround-
ing a measurement environment.

42. The method according to claim 33 wherein said body
of gel has an acoustic impedance, said acoustic im-
pedance of said body of gel is close to or equal to
the acoustic impedance of at least one tissue or bod-
ily fluid of said body in which said protected sensor
is to be implanted.

43. The method according to claim 33 wherein said pro-
tected sensor is an implantable protected sensor
configured for implantation within an organism, and
wherein the acoustic impedance of said gel is close
to or equal to the acoustic impedance of at least one
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tissue or bodily fluid of said organism.

44. The method according to claim 33 wherein said step
of attaching comprises,
disposing said one or more resonating sensor units
in a housing,
At least partially filling said housing with a liquid com-
prising at least one gel precursor to cover at least a
vibratable member of said one or more resonating
sensor units with said liquid, and
allowing said at least one body of gel to form from
said liquid.

45. The method according to any of claims 33-44 where-
in said protected resonating sensor further compris-
es at least one non-resonating sensor unit, and
wherein said step of attaching comprises attaching
said at least one non-resonating sensor unit to said
at least one body of gel.

46. The method according to any of claims 33-45 further
including the step of treating at least part of the sur-
face of said protected sensor for modifying the sur-
face properties of said at least part of said protected
sensor.

47. The method according to claim 46 wherein said step
of treating is performed on said at least one body of
gel to change the surface properties thereof.

48. The method according to claim 47 wherein said sur-
face properties are selected from physical surface
properties, chemical surface properties, electro-
chemical surface properties, biological surface prop-
erties, surface resistance to deposition of cells or
tissues thereon, rheological surface properties, and
any combinations thereof.

49. The method according to claim 47 wherein said step
of treating comprises chemically treating said at least
part of the surface of said protected sensor for mod-
ifying the surface properties thereof.

50. The method according to any of claims 33-49 further
including the step of incorporating at least one re-
leasable substance in said at least one body of gel.

51. The method according to claim 50 wherein said at
least one releasable substance is selected from the
group consisting of a protein, a peptide, a drug, a
therapeutic agent, a polysaccharide, a lipid, a gly-
colipid, a lipoprotein, a glycoprotein, a proteogly-
cans, an extracellular matrix component, a nucleic
acid, a polynucleotide, RNA, DNA, an anti-sense nu-
cleic acid sequence, a receptor, an enzyme, an an-
tibody, an antigen, an enzyme inhibitor, a cell prolif-
eration inhibitor, a growth regulating factor, a growth
inhibiting factor, a growth promoting factor, an anti-

coagulant agent, an anti-clotting agent, a tumor in-
hibiting drug, a tumor inhibiting factor, a tumor sup-
pressing agent, an anti-cancer drug, and any com-
binations thereof.

52. The method according to any of claims 50-51 where-
in said step of incorporating comprises adding said
at least one releasable substance to said gel prior
to disposing said gel in said protected sensor.

53. The method according to claim 52 wherein said step
of adding is selected from, adding said at least one
releasable substance to a liquid gel precursor, and
adding said at least one releasable substance to a
liquefied gel.

54. The method according to claim 50 wherein said step
of incorporating comprises introducing said at least
one releasable substance to said gel after disposing
said gel in said protected sensor.

55. The method according to claim 54 wherein said step
of introducing comprises diffusing said at least one
releasable substance into said at least one body of
gel.

56. The method according to claim 55 wherein said dif-
fusing comprises incubating said protected sensor
in a solution comprising said at least one releasable
substance.

Patentansprüche

1. Implantierbarer, geschützter, passiver, ultraschal-
laktivierbarer resonanter Sensor (185; 190; 250;
260; 270; 280; 290; 300), der ausgebildet ist, in einen
Körper implantiert zu werden, der Sensor umfas-
send:

eine oder mehrere resonante Sensoreinheiten
(55; 57; 82; 112+114; 152; 302), wobei jede Sen-
soreinheit der einen oder der mehreren reso-
nanten Sensoreinheiten mindestens ein
schwingfähiges Glied (14A; 14B; 14C; 64A;
64B; 74A; 74B; 114A; 144A; 144B; 315A) auf-
weist mit einer Resonanzfrequenz, die in Ab-
hängigkeit einer physikalischen Variablen in
dem Körper variiert, wobei das mindestens eine
schwingfähige Glied (14A; 14B; 14C; 64A; 64B;
74A; 74B; 114A; 144A; 144B; 315A) ausgebildet
ist, von einem externen Ultraschallstrahl, der auf
die eine oder die mehreren Sensoreinheiten (55;
57; 82; 112+114; 152; 302) gerichtet ist, erregt
zu werden, wenn der geschützte Sensor in dem
Körper implantiert ist, und ein Ultraschallsignal
zu erzeugen, welches von einem außerhalb des
Körpers angeordneten Ultraschallempfänger
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empfangbar ist; und dadurch gekennzeich-
net, dass der Sensor ferner umfasst:
mindestens einen Gelkörper (124; 124A; 124B;
124C; 124D; 124E, 124F; 124G; 224; 324) in
Kontakt mit dem mindestens einen schwingfä-
higen Glied (14A; 14B; 14C; 64A; 64B; 74A;
74B; 114A; 144A; 144B; 315A) der einen oder
der mehreren resonanten Sensoreinheiten (55;
57; 82; 112+114; 152; 302).

2. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 1, wobei das Gel eine aku-
stische Impedanz aufweist und wobei die akustische
Impedanz des mindestens einen Gelkörpers (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) nahe oder gleich der akustischen Impedanz ei-
nes in dem Körper angeordneten Mediums ist.

3. Geschützter Sensor nach einem der vorangehenden
Ansprüche, wobei die akustische Impedanz des min-
destens einen Gelkörpers (124; 124A; 124B; 124C;
124D; 124E, 124F; 124G; 224; 324) nahe oder gleich
der akustischen Impedanz eines oder mehrerer Ge-
webe des Körpers ist.

4. Geschützter Sensor (290) nach einem der vorange-
henden Ansprüche, wobei die eine oder die mehre-
ren resonanten Sensoreinheiten (152) in dem min-
destens einen Gelkörper (224) eingebettet sind.

5. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der mindestens eine Gelkörper (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) alle die in der einen oder den mehreren reso-
nanten Sensoreinheiten (55; 57; 82; 112+114; 152;
302) enthaltenen schwingfähigen Glieder vollstän-
dig bedeckt.

6. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der mindestens eine Gelkörper (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) ausgewählt ist aus einem synthetischen Gel,
einem natürlichen Gel, einem Hydrogel, einem Lipo-
gel, einem hydrophoben Gel, einem hydrophilen
Gel, einem biokompatiblen Gel, einem hämokompa-
tiblen Gel, einem polymerbasierten Gel, einem auf
einem vernetzten Polymer basierten Gel und Kom-
binationen hiervon.

7. Geschützter Sensor (190; 250) nach einem der vor-
angehenden Ansprüche, wobei der geschützte Sen-
sor (190; 250) ferner ein Gehäuse (34; 54) umfasst.

8. Geschützter Sensor (190; 250) nach Anspruch 7,
wobei der mindestens eine Gelkörper (124A; 124B)
das Gehäuse (34; 54) mindestens teilweise füllt.

9. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der Ansprüche 1-3 oder 5-6,
wobei der mindestens eine Gelkörper (124; 124A;
124B; 124C; 124D; 124E, 124F; 124G; 224; 324)
mindestens eine dünne Lage Gel umfasst, welche
mit dem mindestens einen schwingfähigen Glied
(14A; 14B; 14C; 64A; 64B; 74A; 74B; 114A; 144A;
144B; 315A) der einen oder der mehreren resonan-
ten Sensoreinheiten (55; 57; 82; 112+114; 152; 302)
verbunden ist.

10. Geschützter Sensor (185; 190; 250; 260; 270; 280)
nach einem der vorangehenden Ansprüche, wobei
die eine oder die mehreren resonanten Sensorein-
heiten (82; 55; 57; 112+114) innerhalb mindestens
einer offenen Kammer (113; 213; 252; 92; 91A; 91B,
91C; 121) angeordnet sind.

11. Geschützter Sensor nach Anspruch 10, wobei die
mindestens eine offene Kammer (113; 213; 252; 92;
91A; 91B, 91C; 121) ausgewählt ist aus:

mindestens einer Kammer (252; 92; 91A; 91B,
91C), welche innerhalb einer Sensorveranke-
rungsvorrichtung (88; 89) gebildet ist, und
mindestens einer Kammer (252; 92; 91A; 91B,
91C), welche einen Teil einer Sensorveranke-
rungsvorrichtung (88; 89) umfasst.

12. Geschützter Sensor nach Anspruch 11, wobei die
Sensorverankerungsvorrichtung (88; 89) ausge-
wählt ist aus einem Sensoranker, einem Sensorpo-
sitionierer, einem implantierbaren Transplantat, ei-
ner Sensorfixationsvorrichtung, einem Implantat, ei-
ner implantierbaren Vorrichtung, einem implantier-
baren Transplantat, einem Teil einer implantierbaren
Vorrichtung, einem Schrittmacher, einem Teil eines
Schrittmachers, einem Defibrillator, einem Teil eines
Defibrillators, einer implantierbaren Elektrode, einer
insertierbaren Elektrode, einer endoskopischen Vor-
richtung, einem Teil einer endoskopischen Vorrich-
tung, einer autonomen endoskopischen Vorrich-
tung, einem Teil einer autonomen endoskopischen
Vorrichtung, einer angebundenen endoskopischen
Vorrichtung, einem Teil einer angebundenen endo-
skopischen Vorrichtung, einem implantierbaren Ka-
theter, einem insertierbaren Katheter, einem Stent,
einem Teil eines Stent, einem Führungsdraht, einem
Teil eines Führungsdrahts, einer implantierbaren
Vorrichtung zur Freisetzung einer therapeutischen
Substanz und einer insertierbaren Vorrichtung zur
Freisetzung einer therapeutischen Substanz.

13. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei die mindestens eine resonante Sensor-
einheit (55; 57; 82; 112+114; 152; 302) ausgewählt
ist aus einer passiven Sensoreinheit (55; 57; 82;
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112+114; 152; 302), einer passiven resonanten Sen-
soreinheit (55; 57; 82; 112+114; 152; 302), einem
Drucksensor (55; 57; 82; 112+114; 152; 302), einem
passiven Ultraschalldrucksensor (55; 57; 82;
112+114; 152; 302) und einem Sensor zum Erfassen
der Konzentration einer chemischen Spezies in dem
Körper.

14. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei mindestens eine resonante Sensorein-
heit der mindestens einen oder der mehreren reso-
nanten Sensoreinheiten (82; 55; 57; 112+114; 152;
302) umfasst:

ein Substrat (12; 62; 72; 112; 132; 315) mit einer
oder mehreren darin gebildeten Ausnehmun-
gen (16; 66A; 66B; 63A; 63B; 116; 136A; 136B;
316) und
eine mit dem Substrat dichtend verbundene
zweite Lage (14; 64; 74; 114; 144; 310), um eine
oder mehrere gedichtete Sensoreinheit-Kam-
mern (17; 67A; 67B; 69A; 69B; 117; 137A; 137B;
317) innerhalb der mindestens einen resonan-
ten Sensoreinheit (82; 55; 57; 112+114; 152;
302) zu bilden.

15. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 14, wobei das mindestens
eine schwingfähige Glied der mindestens einen re-
sonanten Sensoreinheit ausgewählt ist aus:

mindestens einem schwingfähigen Glied
(315A), welches einen Bereich des Substrats
(315) umfasst, und
mindestens einem schwingfähigen Glied (14A;
14B; 14C; 64A; 64B; 74A; 74B; 114A; 144A;
144B;), welches einen Bereich der zweiten Lage
(14; 64; 74; 114; 144) umfasst, der die eine oder
die mehreren Ausnehmungen (16; 66A; 66B;
63A; 63B; 116; 136A; 136B) überlagert.

16. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 14, wobei jede gedichtete
Sensoreinheit-Kammer der einen oder der mehreren
gedichteten Sensoreinheit-Kammern (17; 67A; 67B;
69A; 69B; 117; 137A; 137B; 317) ein Druckniveau
darin aufweist.

17. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 16, wobei das Druckniveau
ausgewählt ist aus einem Null-Druckniveau und ei-
nem Nicht-Null-Druckniveau.

18. Geschützter Sensor (250) nach Anspruch 16, wobei
der geschützte Sensor (250) eine erste resonante
Sensoreinheit (55) mit einer oder mehreren gedich-
teten Sensoreinheit-Kammern (67A; 67B) und min-

destens eine zweite resonante Sensoreinheit (57)
mit einer oder mehreren gedichteten Sensoreinheit-
Kammern (69A; 69B) umfasst und wobei das Druck-
niveau in mindestens einer gedichteten Sensorein-
heit-Kammer (67A; 67B) der ersten resonanten Sen-
soreinheit (55) von dem Druckniveau in mindestens
einer gedichteten Sensoreinheit-Kammer (69A;
69B) der mindestens zweiten resonanten Sensor-
einheit (57) verschieden ist.

19. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei die eine oder die mehreren resonanten
Sensoreinheiten (55; 57; 82; 112+114; 152; 302)
ausgewählt sind aus:

mindestens einer passiven Ultraschalldruck-
sensoreinheit (112+114; 302) mit einem einzi-
gen schwingfähigen Glied (114A; 315A) und
mindestens einer passiven Ultraschalldruck-
sensoreinheit (55; 57; 82; 152) mit mehreren
schwingfähigen Gliedern (14A; 14B; 14C; 64A;
64B; 74A; 74B; 144A; 144B).

20. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der geschützte Sensor ein biokompati-
bler Sensor ist.

21. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 20, wobei eine oder meh-
rere der Komponenten des implantierbaren ge-
schützten Sensors (185; 190; 250; 260; 270; 280;
290; 300) ein oder mehrere Materialien umfasst, die
ausgewählt sind aus biokompatiblen Materialien und
hämokompatiblen Materialien.

22. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der Ansprüche 20-21, wobei
der geschützte Sensor (185; 190; 250; 260; 270;
280; 290; 300) zur Implantation in einen Teil des Kör-
pers ausgebildet ist, der ausgewählt ist aus: einem
Auge, einem Harnleiter, einer Herzkammer, einem
kardiovaskulären System, einem Teil eines kardio-
vaskulären Systems, einem Aneurysmasack nach
endovaskulärer Reparatur, einer Spina, einer Band-
scheibe, einem Rückenmark, einer Wirbelsäule, ei-
nem intrakranialen Kompartiment, einem intralumi-
nalen Raum eines Blutgefäßes, einer Arterie, einer
Vene, einer Aorta, einem pulmonaren Blutgefäß, ei-
nem Karotisblutgefäß, einem Hirnblutgefäß und ei-
ner Koronararterie, einer Femoralarterie, einer Ilia-
kalarterie, einer Leberarterie, einer Nierenarterie
und einer Vena cava.

23. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei mindestens ein Teil der Oberfläche des
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geschützten Sensors (185; 190; 250; 260; 270; 280;
290; 300) eine modifizierte Oberfläche mit modifi-
zierten Oberflächeneigenschaften ist.

24. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 23, wobei die modifizierten
Oberflächeneigenschaften ausgewählt sind aus
physikalischen Oberflächeneigenschaften, chemi-
schen Oberflächeneigenschaften, elektrochemi-
schen Oberflächeneigenschaften, biologischen
Oberflächeneigenschaften, Oberflächenwiderstand
gegenüber Ablagerung von Zellen oder Geweben
daran, rheologischen Oberflächeneigenschaften
und beliebigen Kombinationen hiervon.

25. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 23, wobei die modifizierte
Oberfläche eine chemisch behandelte Oberfläche
ist.

26. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der geschützte Sensor (185; 190; 250;
260; 270; 280; 290; 300) ferner mindestens eine
nicht-resonante Sensoreinheit umfasst.

27. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 23, wobei die modifizierte
Oberfläche eine Oberfläche des mindestens einen
Gelkörpers (124; 124A; 124B; 124C; 124D; 124E,
124F; 124G; 224; 324) ist.

28. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der mindestens eine Gelkörper (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) mindestens eine freisetzbare Substanz um-
fasst.

29. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach Anspruch 28, wobei die mindestens
eine freisetzbare Substanz ausgewählt ist aus der
Gruppe, welche besteht aus: einem Protein, einem
Peptid, einem Arzneimittel, einem Therapeutikum,
einem Polysaccharid, einem Lipid, einem Glycolipid,
einem Lipoprotein, einem Glycoprotein, einem Pro-
teoglycan, einer extrazellulären Matrixkomponente,
einer Nucleinsäure, einem Polynucleotid, RNA,
DNA, einer Antisense-Nucleinsäuresequenz, einem
Rezeptor, einem Enzym, einem Antikörper, einem
Antigen, einem Enzyminhibitor, einem Zellprolifera-
tionsinhibitor, einem wachstumsregulierenden Fak-
tor, einem wachstumshemmenden Faktor, einem
wachstumsfördernden Faktor, einem Antiko-
agulans, einem Anti-Klumpenbildungs-Agens, ei-
nem tumorhemmenden Arzneimittel, einem tumor-
hemmenden Faktor, einem Tumorsuppressor, ei-
nem Anti-Krebs-Arzneimittel und beliebigen Kombi-

nationen hiervon.

30. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der mindestens eine Gelkörper (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) ein im Wesentlichen nicht-kompressibles Gel
umfasst.

31. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der mindestens eine Gelkörper (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) ein Gel umfasst mit einer Zusammensetzung,
welche die Diffusion einer oder mehrerer Substan-
zen in das Gel zu verzögern oder zu reduzieren ver-
mag.

32. Geschützter Sensor (185; 190; 250; 260; 270; 280;
290; 300) nach einem der vorangehenden Ansprü-
che, wobei der mindestens eine Gelkörper (124;
124A; 124B; 124C; 124D; 124E, 124F; 124G; 224;
324) ein Gel umfasst mit einer Zusammensetzung,
welche die Ablagerung einer oder mehrerer Sub-
stanzen an dem mindestens einen schwingfähigen
Glied (14A; 14B; 14C; 64A; 64B; 74A; 74B; 114A;
144A; 144B; 315A) der einen oder der mehreren re-
sonanten Sensoreinheiten (55; 57; 82; 112+114;
152; 302) zu verzögern oder zu reduzieren vermag.

33. Verfahren zum Aufbau eines geschützten, passiven,
ultraschallaktivierbaren resonanten Sensors, der
ausgebildet ist, in einen Körper implantiert zu wer-
den, wobei das Verfahren die Schritte umfasst:

Bereitstellen einer oder mehrerer resonanter
Sensoreinheiten, wobei jede Sensoreinheit der
einen oder der mehreren resonanten Sensor-
einheiten mindestens ein schwingfähiges Glied
aufweist mit einer Resonanzfrequenz, die in Ab-
hängigkeit einer physikalischen Variablen in
dem Körper variiert, wobei das mindestens eine
schwingfähige Glied ausgebildet ist, von einem
externen Ultraschallstrahl, der auf die eine oder
die mehreren Sensoreinheiten gerichtet ist, er-
regt zu werden und ein Ultraschallsignal zu er-
zeugen, welches von einem außerhalb des Kör-
pers angeordneten Ultraschallempfänger emp-
fangbar ist; und dadurch gekennzeichnet,
dass das Verfahren als weiteren Schritt um-
fasst:

Verbinden mindestens eines Gelkörpers
mit der einen oder den mehreren resonan-
ten Sensoreinheiten.

34. Verfahren nach Anspruch 33, wobei der Schritt des
Verbindens das Bedecken aller schwingfähigen
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Glieder der einen oder der mehreren resonanten
Sensoreinheiten mit dem Gel umfasst.

35. Verfahren nach Anspruch 33, wobei der Schritt des
Verbindens umfasst:

Aufbringen eines verflüssigten Gels, um minde-
stens alle schwingfähigen Glieder der einen
oder der mehreren resonanten Sensoreinheiten
mit dem verflüssigten Gel zu bedecken, und
Verfestigenlassen des verflüssigten Gels.

36. Verfahren nach Anspruch 35, wobei das verflüssigte
Gel durch Erhitzen eines verflüssigbaren Gels erhal-
ten wird.

37. Verfahren nach Anspruch 33, wobei der Schritt des
Verbindens umfasst:

Aufbringen einer Flüssigkeit, welche minde-
stens einen Gel-Precursor umfasst, um minde-
stens alle schwingfähigen Glieder der einen
oder der mehreren resonanten Sensoreinheiten
mit der Flüssigkeit zu bedekken, und
Bildenlassen des mindestens einen Gelkörpers
aus der Flüssigkeit.

38. Verfahren nach Anspruch 33, wobei der mindestens
eine Gel-Precursor mindestens ein Monomer um-
fasst, welches polymerisierbar ist, um den minde-
stens einen Gelkörper zu bilden.

39. Verfahren nach Anspruch 33, wobei der Schritt des
Verbindens das Einbetten der einen oder der meh-
reren resonanten Sensoreinheiten in den minde-
stens einen Gelkörper umfasst.

40. Verfahren nach Anspruch 33, wobei der Schritt des
Verbindens das vollständige Einbetten oder teilwei-
se Einbetten der einen oder der mehreren resonan-
ten Sensoreinheiten in den mindestens einen Gel-
körper umfasst, wobei der mindestens eine Gelkör-
per mit einer Oberfläche verbunden ist.

41. Verfahren nach Anspruch 40, wobei die Oberfläche
ausgewählt ist aus: einer Oberfläche eines Sensor-
gehäuses, einer Oberfläche einer Sensorveranke-
rungsvorrichtung, einer Oberfläche eines implantier-
baren Transplantats, einer Oberfläche einer implan-
tierbaren Vorrichtung, einer Oberfläche eines Im-
plantats, einer Oberfläche einer insertierbaren Vor-
richtung und einer Oberfläche einer Umhüllung, wel-
che eine Messumgebung umgibt.

42. Verfahren nach Anspruch 33, wobei der Gelkörper
eine akustische Impedanz aufweist, wobei die aku-
stische Impedanz des Gelkörpers nahe oder gleich
der akustischen Impedanz mindestens eines Gewe-

bes oder einer Körperflüssigkeit des Körpers, in dem
der geschützte Sensor implantiert werden soll, ist.

43. Verfahren nach Anspruch 33, wobei der geschützte
Sensor ein implantierbarer geschützter Sensor ist,
der zur Implantation in einen Organismus ausgebil-
det ist, und wobei die akustische Impedanz des Gels
nahe oder gleich der akustischen Impedanz minde-
stens eines Gewebes oder einer Körperflüssigkeit
des Organismus ist.

44. Verfahren nach Anspruch 33, wobei der Schritt des
Verbindens umfasst:

Anordnen der einen oder der mehreren reso-
nanten Sensoreinheiten in einem Gehäuse,
mindestens teilweises Füllen des Gehäuses mit
einer Flüssigkeit, welche mindestens einen Gel-
Precursor umfasst, um mindestens ein schwing-
fähiges Glied der einen oder der mehreren re-
sonanten Sensoreinheiten mit der Flüssigkeit zu
bedecken, und
Bildenlassen des mindestens einen Gelkörpers
aus der Flüssigkeit.

45. Verfahren nach einem der Ansprüche 33-44, wobei
der geschützte resonante Sensor ferner mindestens
eine nicht-resonante Sensoreinheit umfasst, und
wobei der Schritt des Verbindens das Verbinden der
mindestens einen nicht-resonanten Sensoreinheit
mit dem mindestens einen Gelkörper umfasst.

46. Verfahren nach einem der Ansprüche 33-45, ferner
umfassend den Schritt des Behandelns mindestens
eines Teils der Oberfläche des geschützten Sen-
sors, um die Oberflächeneigenschaften des minde-
stens einen Teils des geschützten Sensors zu mo-
difizieren.

47. Verfahren nach Anspruch 46, wobei der Schritt des
Behandelns an dem mindestens einen Gelkörper
durchgeführt wird, um dessen Oberflächeneigen-
schaften zu modifizieren.

48. Verfahren nach Anspruch 47, wobei die Oberfläche-
neigenschaften ausgewählt sind aus physikalischen
Oberflächeneigenschaften, chemischen Oberflä-
cheneigenschaften, elektrochemischen Oberfläche-
neigenschaften, biologischen Oberflächeneigen-
schaften, Oberflächenwiderstand gegenüber Abla-
gerung von Zellen oder Geweben daran, rheologi-
schen Oberflächeneigenschaften und beliebigen
Kombinationen hiervon.

49. Verfahren nach Anspruch 47, wobei der Schritt des
Behandelns das chemische Behandeln des minde-
stens einen Teils der Oberfläche des geschützten
Sensors umfasst, um dessen Oberflächeneigen-
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schaften zu modifizieren.

50. Verfahren nach einem der Ansprüche 33-49, ferner
umfassend den Schritt des Inkorporierens minde-
stens einer freisetzbaren Substanz in den minde-
stens einen Gelkörper.

51. Verfahren nach Anspruch 50, wobei die mindestens
eine freisetzbare Substanz ausgewählt ist aus der
Gruppe, welche besteht aus: einem Protein, einem
Peptid, einem Arzneimittel, einem Therapeutikum,
einem Polysaccharid, einem Lipid, einem Glycolipid,
einem Lipoprotein, einem Glycoprotein, einem Pro-
teoglycan, einer extrazellulären Matrixkomponente,
einer Nucleinsäure, einem Polynucleotid, RNA,
DNA, einer Antisense-Nucleinsäuresequenz, einem
Rezeptor, einem Enzym, einem Antikörper, einem
Antigen, einem Enzyminhibitor, einem Zellprolifera-
tionsinhibitor, einem wachstumsregulierenden Fak-
tor, einem wachstumshemmenden Faktor, einem
wachstumsfördernden Faktor, einem Antiko-
agulans, einem Anti-Klumpenbildungs-Agens, ei-
nem tumorhemmenden Arzneimittel, einem tumor-
hemmenden Faktor, einem Tumorsuppressor, ei-
nem Anti-Krebs-Arzneimittel und beliebigen Kombi-
nationen hiervon.

52. Verfahren nach einem der Ansprüche 50-51, wobei
der Schritt des Inkorporierens das Hinzufügen der
mindestens einen freisetzbaren Substanz zu dem
Gel vor Anordnung des Gels in dem geschützten
Sensor umfasst.

53. Verfahren nach Anspruch 52, wobei der Schritt des
Hinzufügens ausgewählt ist aus: Hinzufügen der
mindestens einen freisetzbaren Substanz zu einem
flüssigen Gel-Precursor und Hinzufügen der minde-
stens einen freisetzbaren Substanz zu einem ver-
flüssigten Gel.

54. Verfahren nach Anspruch 50, wobei der Schritt des
Inkorporierens das Einführen der mindestens einen
freisetzbaren Substanz in das Gel nach Anordnung
des Gels in dem geschützten Sensor umfasst.

55. Verfahren nach Anspruch 54, wobei der Schritt des
Einführens das Diffundieren der mindestens einen
freisetzbaren Substanz in den mindestens einen
Gelkörper umfasst.

56. Verfahren nach Anspruch 55, wobei das Diffundie-
ren das Inkubieren des geschützten Sensors in einer
Lösung umfasst, welche die mindesten eine freisetz-
bare Substanz umfasst.

Revendications

1. Capteur résonant implantable, à protection passive,
activable par ultrasons (185; 190; 250 ; 260 ; 270 ;
280 ; 290 ; 300) configuré pour être implanté dans
un corps, le capteur comprenant :

une ou plusieurs unités de capteurs résonants
(55 ; 57 ; 82 ; 112 + 114; 152 ; 302), chaque uni-
té de capteur desdites une ou plusieurs unités
de capteurs résonants ayant au moins un élé-
ment vibrant (14A ; 14B ; 14C ; 64A ; 64B ; 74A ;
74B ; 114A ; 144A ; 144B ; 315A) ayant une fré-
quence de résonance qui varie en fonction d’une
variable physique dans ledit corps, au moins le-
dit élément vibrant (14A ; 14B ; 14C ; 64A ; 64B ;
74A ; 74B ; 114A ; 144A ; 144B ; 315A) étant
configuré pour être excité par un faisceau ultra-
sonore externe dirigé sur lesdites une ou plu-
sieurs unités de capteur (55 ; 57 ; 82 ; 112 +
114 ; 152 ; 302) lorsque ledit capteur protégé
est implanté dans ledit corps et pour produire
un signal ultrasonore pouvant être reçu par un
récepteur ultrasonore disposé à l’extérieur dudit
corps, et caractérisé en ce que ledit capteur
comprend en outre
au moins un corps de gel (124; 124A ; 124B;
124C ; 124D ; 124E ; 124F ; 124G ; 224 ; 324)
en contact avec au moins ledit élément vibrant
(14A ; 14B ; 14C ; 64A ; 64B ; 74A ; 74B ; 114A ;
144A ; 144B ; 315A) desdites une ou plusieurs
unités de capteur résonant (55 ; 57 ; 82 ; 112 +
114 ; 152 ; 302).

2. Capteur protégé (185 ; 190 ; 250 ; 200 ; 270 ; 280 ;
290 ; 300) selon la revendication 1, dans lequel ledit
gel a une impédance acoustique et l’impédance
acoustique d’au moins ledit corps de gel (124 ; 124A;
124B ; 124C ; 124D ; 124E ; 124F ; 124G ; 224 ;
324) est proche ou égale à l’impédance acoustique
d’un milieu disposé dans ledit corps.

3. Capteur protégé selon l’une quelconque des reven-
dications précédentes, dans lequel l’impédance
acoustique d’au moins ledit corps de gel (124 ;
124A ; 124B ; 124C ; 124D ; 124E ; 124F ; 124G ;
224 ; 324) est proche ou égale à l’impédance acous-
tique d’un ou plusieurs tissus dudit corps.

4. Capteur protégé (290) selon l’une quelconque des
revendications précédentes, dans lequel lesdites
une ou plusieurs unités de capteur résonant (152)
sont incluses dans au moins un corps de gel (224).

5. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins ledit corps
de gel (124 ; 124A ; 124B ; 124C ; 124D ; 124E ;
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124F ; 124G ; 224 ; 324) couvre complètement tous
les éléments vibrants inclus dans lesdites une ou
plusieurs unités de capteur résonant (55 ; 57 ; 82 ;
112 + 114 ; 152 ; 302).

6. Capteur protégé (185; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins un corps
de gel (124 ; 124A ; 124B ; 124C; 124D ; 124E ;
124F ; 124G ; 224 ; 324) est choisi parmi un gel syn-
thétique, un gel naturel, un hydrogel, un lipogel, un
gel hydrophobe, un gel hydrophile, un gel biocom-
patible, un gel hémocompatible, un gel à base de
polymère, un gel à base de polymère réticulé et leurs
combinaisons.

7. Capteur protégé (190; 250) selon l’une quelconque
des revendications précédentes, ledit capteur pro-
tégé (190 ; 250) comprenant en outre un logement
(34 ; 54).

8. Capteur protégé (190 ; 250) selon la revendication
7, dans lequel au moins un corps de gel (124A ;
124B) remplit au moins partiellement ledit logement
(34 ; 54).

9. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions 1 à 3 ou 5 à 6, dans lequel au moins ledit corps
de gel (124 ; 124A ; 124B ; 124C ; 124D ; 124E ;
124F ; 124G ; 224 ; 324) comprend au moins une
couche mince de gel fixée au moins audit élément
vibrant (14A ; 14B ; 14C ; 64A ; 64B ; 74A ; 74B ;
114A ; 144A ; 144B ; 315A) desdites une ou plu-
sieurs unités de capteur résonant (55 ; 57 ; 82 ; 112
+ 114 ; 152 ; 302).

10. Capteur protégé (185 ; 190; 250 ; 260 ; 270 ; 280)
selon l’une quelconque des revendications précé-
dentes, dans lequel une ou plusieurs desdites unités
de capteur (82 ; 55 ; 57 ; 112 + 114) sont disposées
dans au moins une chambre ouverte (113 ; 213 ;
252 ; 92 ; 91A ; 91B ; 91C ; 121).

11. Capteur protégé selon la revendication 10, dans le-
quel au moins ladite chambre ouverte (113 ; 213 ;
252 ; 92 ; 91A ; 91B ; 91C ; 121) est choisie parmi
au moins une chambre (252 ; 92 ; 91A ; 91B ; 91C)
formée dans un dispositif d’ancrage de capteur (88 ;
89), et
au moins une chambre (252 ; 92 ; 91A ; 91B ; 91C)
comprenant une partie d’un dispositif d’ancrage de
capteur (88 ; 89).

12. Capteur protégé selon la revendication 11, dans le-
quel ledit dispositif d’ancrage de capteur (88 ; 89)
est choisi parmi un ancrage de capteur, un position-
neur de capteur, un greffon implantable, un dispositif

de fixation de capteur, un implant, un dispositif im-
plantable, un greffon implantable, une partie d’un
dispositif implantable, un stimulateur cardiaque, une
partie d’un stimulateur cardiaque, un défibrillateur,
une partie d’un défibrillateur, une électrode implan-
table, une électrode insérable, un dispositif endos-
copique, une partie d’un dispositif endoscopique, un
dispositif endoscopique autonome, une partie d’un
dispositif endoscopique autonome, un dispositif en-
doscopique fixé, une partie d’un dispositif endosco-
pique fixé, un cathéter implantable, un cathéter in-
sérable, un stent, une partie de stent, un fil-guide,
une partie d’un fil-guide, un dispositif de libération
de substance thérapeutique implantable et un dis-
positif de libération d’une substance thérapeutique
insérable.

13. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins une unité
de capteur résonant (55 ; 57 ; 82 ; 112 + 114 ; 152 ;
302) est choisie parmi une unité de capteur passif
(55 ; 57 ; 82 ; 112 + 114 ; 152 ; 302), une unité de
capteur résonant passif (55 ; 57 ; 82 ; 112 + 114 ;
152 ; 302), un capteur de pression (55 ; 57 ; 82 ; 112
+ 114 ; 152 ; 302), un capteur de pression ultraso-
nore passif (55; 57 ; 82 ; 112 + 114 ; 155 ; 302) et
un capteur de détection de la concentration d’une
espèce chimique dans ledit corps.

14. Capteur protégé (185; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins une unité
de capteur résonant desdites une ou plusieurs unités
de capteur résonant (82 ; 55 ; 57 ; 112 + 114 ; 152 ;
302) comprend
un substrat (12 ; 62 ; 72 ; 112; 132 ; 315) ayant une
ou plusieurs cavités (16 ; 66A, 66B ; 63A ; 63B ;
116 ; 136A ; 136B ; 316) formées dans celui-ci et
une deuxième couche (14 ; 64 ; 74 ; 114 ; 144 ; 310)
scellée audit substrat pour former une ou plusieurs
chambres d’unité de capteur scellées (17 ; 67A ;
67B ; 69A ; 69B ; 117 ; 137A ; 137B ; 317) dans au
moins ladite unité de capteur résonant (82 ; 55 ; 57 ;
112 + 114 ; 152 ; 302).

15. Capteur protégé (185; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 14, dans lequel au
moins ledit élément vibrant d’au moins ladite unité
de capteur résonant est choisi parmi,
au moins un élément vibrant (315A) comprenant une
partie dudit substrat (315), et
au moins un élément vibrant (14A ; 14B ; 14C ; 64A ;
64B ; 74A ; 74B ; 114A ; 144A ; 144B) comprenant
une partie de ladite deuxième couche (14 ; 64 ; 74 ;
114 ; 144) recouvrant lesdites une ou plusieurs ca-
vités (16 ; 66A ; 66B ; 63A ; 63B ; 116 ; 136A ;
136B).
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16. Capteur protégé (185; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 14, dans lequel
chaque chambre de l’unité de capteur scellée des-
dites une ou plusieurs chambres d’unité de capteur
scellées (17 ; 67A ; 67B ; 69A ; 69B ; 117 ; 137A ;
137B ; 317) a un niveau de pression dans celles-ci.

17. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 16, dans lequel ledit
niveau de pression est choisi parmi un niveau de
pression nul et un niveau de pression non nul.

18. Capteur protégé (250) selon la revendication 16, le-
dit capteur protégé (250) comprenant une première
unité de capteur résonant (55) ayant une ou plu-
sieurs chambres d’unité de capteur scellées (67A ;
67B) et au moins une deuxième unité de capteur
résonant (57) ayant une ou plusieurs chambres
d’unité de capteur scellées (69A ; 69B) et dans le-
quel le niveau de pression dans au moins une cham-
bre d’unité de capteur scellée (67A ; 67B) de ladite
première unité de capteur résonant (55) est différent
du niveau de pression dans au moins une chambre
d’unité de capteur scellée (69A ; 69B) d’au moins
ladite deuxième unité de capteur résonant (57).

19. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel lesdites une ou plu-
sieurs unités de capteur résonant (55 ; 57 ; 82 ; 112
+ 114 ; 152 ; 302) sont choisies parmi au moins une
unité de capteur de pression ultrasonore passif (112
+ 114 ; 302) ayant un élément vibrant unique (114A ;
315A) et au moins une unité de capteur de pression
ultrasonore passif (55 ; 57 ; 82 ; 152) ayant de mul-
tiples éléments vibrants (14A ; 14B ; 14C) ; 64A ;
64B ; 74A ; 748 ; 144A ; 144B).

20. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, ledit capteur protégé étant un
capteur biocompatible.

21. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 20, dans lequel un
ou plusieurs des composants dudit capteur protégé
implantable (185 ; 190 ; 250 ; 260 ; 270 ; 280 ; 290 ;
300) comprennent un ou plusieurs matériaux choisis
parmi des matériaux biocompatibles et des maté-
riaux hémocompatibles.

22. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions 20 à 21, dans lequel ledit capteur protégé (185 ;
190 ; 250 ; 260 ; 270 ; 280 ; 290 ; 300) est configuré
pour une implantation dans une partie dudit corps
choisi parmi un oeil, un uretère, une chambre car-
diaque, un système cardiovasculaire, une partie d’un

système cardiovasculaire, un sac anévrismal après
une réparation endovasculaire, une colonne, un dis-
que intervertébral, une moelle pépinière, une colon-
ne vertébrale, un compartiment intracrânien, un es-
pace intraluminal d’un vaisseau sanguin, une artère,
une veine, une aorte, un vaisseau sanguin pulmo-
naire, un vaisseau sanguin carotide, un vaisseau
sanguin cérébral et une artère coronaire, une artère
fémorale, une artère iliaque, une artère hépatique,
une artère rénale et une veine cave.

23. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins une partie
de la surface dudit capteur protégé (185 ; 190 ; 250 ;
260 ; 270 ; 280 ; 290 ; 300) est une surface modifiée
ayant des propriétés de surface modifiées.

24. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 23, dans lequel les-
dites propriétés de surface modifiées sont choisies
parmi des propriétés de surface physiques, des pro-
priétés de surface chimiques, des propriétés de sur-
face électrochimiques, des propriétés de surface
biologiques, une résistance de surface au dépôt de
cellules ou de tissus sur celle-ci, des propriétés de
surface rhéologiques et toute combinaison de celles-
ci.

25. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 23, dans lequel la-
dite surface modifiée est une surface traitée chimi-
quement.

26. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel ledit capteur protégé
(185 ; 190 ; 250 ; 260 ; 270 ; 280 ; 290 ; 300) com-
prend également au moins une unité de capteur non
résonant.

27. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 23, dans lequel la-
dite surface modifiée est une surface au moins dudit
corps de gel (124 ; 124A ; 124B ; 124C ; 124D ;
124E ; 124F ; 124G ; 224 ; 324).

28. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins ledit corps
de gel (124 ; 124A ; 124B ; 124C ; 124D ; 124E ;
124F ; 124G ; 224 ; 324) comprend au moins une
substance libérable.

29. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon la revendication 28, dans lequel au
moins une substance libérable est choisie dans le
groupe comprenant une protéine, un peptide, un mé-
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dicament, un agent thérapeutique, un polysacchari-
de, un lipide, un glycolipide, une lipoprotéine, une
glycoprotéine, un protéoglycane, un composant de
matrice extracellulaire, un acide nucléique, un poly-
nucléotide, un ARN, un ADN, une séquence d’acide
nucléique anti-sens, un récepteur, une enzyme, un
anticorps, un antigène, un inhibiteur enzymatique,
un inhibiteur de la prolifération cellulaire, un facteur
de régulation de la croissance, un facteur inhibant
la croissance, un facteur favorisant la croissance, un
agent anti-coagulant, un médicament anti-tumoral,
un facteur d’inhibition tumorale, un agent suppres-
seur tumoral, un médicament anti-cancéreux et tou-
te combinaison de ceux-ci.

30. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins ledit corps
de gel (124 ; 124A ; 124B ; 124C ; 124D ; 124E ;
124F ; 124G ; 224 ; 324) comprend un gel substan-
tiellement non compressible.

31. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins ledit corps
de gel (124 ; 124A ; 124B ; 124C ; 124D ; 124F ;
124F ; 124G ; 224 ; 324) comprend un gel ayant une
composition pouvant retarder ou réduire la diffusion
d’une ou plusieurs substances dans ledit gel.

32. Capteur protégé (185 ; 190 ; 250 ; 260 ; 270 ; 280 ;
290 ; 300) selon l’une quelconque des revendica-
tions précédentes, dans lequel au moins ledit corps
de gel (124 ; 124A ; 124B ; 124C ; 124D ; 124F ;
124F ; 124G ; 224 ; 324) comprend un gel ayant une
composition pouvant retarder ou réduire le dépôt
d’une ou plusieurs substances sur au moins ledit élé-
ment vibrant (14A ; 14B ; 14C ; 64A ; 64B ; 74A ;
74B ; 114A ; 144A ; 144B ; 315A) desdites une ou
plusieurs unités de capteur résonant (55 ; 57 ; 82 ;
1.12 + 114 ; 152 ; 302).

33. Méthode de construction d’un capteur résonant à
protection passive, activable par ultrasons, configu-
ré de façon à être implanté dans un corps, la métho-
de comprenant les étapes consistant à :

fournir une ou plusieurs unités de capteur réso-
nant, chaque unité de capteur desdites une ou
plusieurs unités de capteur résonant ayant au
moins un élément vibrant ayant une fréquence
de résonance qui varie en fonction d’une varia-
ble physique dans ledit corps, au moins ledit élé-
ment vibrant étant configuré pour être excité par
un faisceau ultrasonore externe dirigé sur les-
dites une ou plusieurs unités de capteur et pour
produire un signal ultrasonore pouvant être reçu
par un récepteur ultrasonore disposé à l’exté-

rieur dudit corps ; et caractérisé en ce qu’elle
comprend en outre l’étape consistant à
fixer au moins un corps de gel auxdites une ou
plusieurs unités de capteur résonant.

34. Méthode selon la revendication 33, dans laquelle la-
dite étape de fixation comprend le recouvrement de
tous les éléments vibrants desdites une ou plusieurs
unités de capteur résonant avec ledit gel.

35. Méthode selon la revendication 33, dans laquelle la-
dite étape de fixation comprend
l’application d’un gel liquéfié pour couvrir au moins
tous les éléments vibrants desdites une ou plusieurs
unités de capteur résonant avec ledit gel liquéfié et
la solidification dudit gel liquéfié.

36. Méthode selon la revendication 35, dans laquelle le-
dit gel liquéfié est obtenu par chauffage d’un gel li-
quéfiable.

37. Méthode selon la revendication 33, dans laquelle la-
dite étape de fixation comprend
l’application d’un liquide comprenant au moins un
précurseur de gel pour couvrir au moins tous les élé-
ments vibrants desdites une ou plusieurs unités de
capteur résonant avec ledit liquide, et
la formation dudit corps de gel à partir dudit liquide.

38. Méthode selon la revendication 33, dans laquelle au
moins un précurseur de gel comprend au moins un
monomère pouvant être polymérisé pour former au
moins ledit corps de gel.

39. Méthode selon la revendication 33, dans laquelle la-
dite étape de fixation comprend l’englobement des-
dites une ou plusieurs unités de capteur résonant
dans au moins ledit corps de gel.

40. Méthode selon la revendication 33, dans laquelle la-
dite étape de fixation comprend l’englobement com-
plet ou l’englobement partiel desdites une ou plu-
sieurs unités de capteur résonant dans au moins le-
dit corps de gel, au moins ledit corps de gel étant
fixé sur une surface.

41. Méthode selon la revendication 40, dans laquelle la-
dite surface est choisie parmi une surface d’un lo-
gement de capteur, une surface d’un dispositif d’an-
crage de capteur, une surface d’un greffon implan-
table, une surface d’un dispositif implantable, une
surface d’un implant, une surface d’un dispositif in-
sérable et une surface d’une enceinte entourant un
environnement de mesure.

42. Méthode selon la revendication 33, dans laquelle le-
dit corps de gel a une impédance acoustique, ladite
impédance acoustique dudit corps de gel étant pro-
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che ou égale à l’impédance acoustique d’au moins
un tissu ou un fluide corporel dudit corps dans lequel
ledit capteur protégé doit être implanté.

43. Méthode selon la revendication 33, dans laquelle le-
dit capteur protégé est un capteur protégé implan-
table configuré pour l’implantation dans un organis-
me et dans laquelle ladite impédance acoustique du-
dit gel est proche ou égale à l’impédance acoustique
d’au moins un tissu ou fluide corporel dudit organis-
me.

44. Méthode selon la revendication 33, dans laquelle la-
dite étape de fixation comprend
la disposition desdites une ou plusieurs unités de
capteur résonant dans un logement,
au moins le remplissage partiel dudit logement avec
un liquide comprenant au moins un précurseur de
gel pour couvrir au moins un élément vibrant desdi-
tes une ou plusieurs unités de capteur résonant avec
ledit liquide, et
la formation d’au moins un corps de gel à partir dudit
liquide.

45. Méthode selon l’une quelconque des revendications
33 à 44, dans laquelle ledit capteur résonant protégé
comprend en outre au moins une unité de capteur
non résonant et dans laquelle ladite étape de fixation
comprend la fixation d’au moins ladite unité de cap-
teur non résonant au moins audit corps de gel.

46. Méthode selon l’une quelconque des revendications
33 à 45, comprenant en outre l’étape de traitement
d’au moins une partie de la surface dudit capteur
protégé pour modifier les propriétés de surface d’au
moins ledit capteur protégé.

47. Méthode selon la revendication 46, dans laquelle
l’étape de traitement est réalisée sur au moins ledit
corps de gel pour modifier les propriétés de surface
de celui-ci.

48. Méthode selon la revendication 47, dans laquelle
lesdites propriétés de surface sont choisies parmi
des propriétés de surface physiques, des propriétés
de surface chimiques, des propriétés de surface
électrochimiques, des propriétés de surface biologi-
ques, une résistance de surface au dépôt de cellules
ou de tissus sur celle-ci, des propriétés de surface
rhéologiques et toute combinaison de celles-ci.

49. Méthode selon la revendication 47, dans laquelle la-
dite étape de traitement comprend le traitement chi-
mique d’au moins une partie de la surface dudit cap-
teur protégé pour modifier les propriétés de surface
de celui-ci.

50. Méthode selon l’une quelconque des revendications

33 à 49, comprenant en outre l’étape d’incorporation
d’au moins une substance libérable dans au moins
ledit corps de gel.

51. Méthode selon la revendication 50, dans laquelle au
moins ladite substance libérable est choisie dans le
groupe comprenant une protéine, un peptide, un mé-
dicament, un agent thérapeutique, un polysacchari-
de, un lipide, un glycolipide, une lipoprotéine, une
glycoprotéine, un protéoglycane, un composant de
matrice extracellulaire, un acide nucléique, un poly-
nucléotide, un ARN, un ADN, une séquence d’acide
nucléique anti-sens, un récepteur, une enzyme, un
anticorps, un antigène, un inhibiteur enzymatique,
un inhibiteur de la prolifération cellulaire, un facteur
de régulation de la croissance, un facteur inhibant
la croissance, un facteur favorisant la croissance, un
agent anti-coagulant, un médicament anti-tumoral,
un facteur d’inhibition tumorale, un agent suppres-
seur tumoral, un médicament anti-cancéreux et tou-
te combinaison de ceux-ci.

52. Méthode selon l’une quelconque des revendications
50 à 51, dans laquelle ladite étape d’incorporation
comprend l’addition d’au moins ladite substance li-
bérable audit gel avant le dépôt dudit gel sur ledit
capteur protégé.

53. Méthode selon la revendication 52, dans laquelle la-
dite étape d’addition est choisie parmi l’addition d’au
moins ladite substance libérable à un précurseur de
gel liquide et l’addition d’au moins ladite substance
libérable à un gel liquéfié.

54. Méthode selon la revendication 50, dans laquelle la-
dite étape d’incorporation comprend l’introduction
d’au moins ladite substance libérable dans ledit gel
après la disposition dudit gel dans ledit capteur pro-
tégé.

55. Méthode selon la revendication 54, dans laquelle la-
dite étape d’introduction comprend la diffusion d’au
moins ladite substance libérable dans au moins ledit
corps de gel,

56. Méthode selon la revendication 55, dans laquelle la-
dite diffusion comprend l’incubation dudit capteur
protégé dans une solution comprenant au moins la-
dite substance libérable.
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摘要(译)

受保护的谐振传感器可以包括至少一个谐振传感器单元，每个传感器单
元具有一个或多个可振动的构件。受保护的传感器包括至少一个凝胶
体，用于保护传感器的可振动构件。凝胶可以设置在传感器单元上​​或附
接到传感器单元，覆盖传感器单元的可振动构件。凝胶也可以设置在包
括一个或多个传感器单元的开放式壳体中，并且可以覆盖不同传感器单
元的可振动构件。传感器单元可以是具有共振频率的任何共振传感器单
元，该共振频率取决于测量环境中的物理变量的值。受保护的传感器还
可以附接到或包括在其中或形成为任何合适的装置或传感器锚固装置的
一部分，并且还可以植入或插入身体或生物体中。描述了用于构建凝胶
保护传感器的方法。
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