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(22) Flled' Oct‘ 30’ 2009 body of the implantable device. Implantable devices includ 

_ _ ing this composite material have decreased Weight and/or 
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RF performance due to a reduced dielectric constant provided 
by the incorporation of beads Within the composite material. 
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FIG. 1 
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COMPOSITE MATERIAL FOR 
IMPLANTABLE DEVICE 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/034,343, ?led Jan. 11, 2005, Which claims 
the bene?t of US. Provisional Application No. 60/535,885, 
?led Jan. 12, 2004, and US. Provisional Application No. 
60/535,914 ?led Jan. 12, 2004, each ofWhich is incorporated 
by reference herein in their entirety, and each Which is hereby 
made a part of this speci?cation. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a compos 
ite material for an implantable device and systems and meth 
ods for its manufacturing. 

BACKGROUND OF THE INVENTION 

[0003] A variety of implantable medical devices are knoWn 
in the art for purposes such as sensors for diagnostic testing, 
blood pumps, pacemakers, and the like. Many of these 
devices transmit and receive information via Radio Fre 
quency (RF) through or from a patient’s body to a location 
remote therefrom. Some of these devices are formed from 
hermetic materials (e.g., titanium) in order to protect the 
sensitive RF components from the effects that can occur to an 
implanted medical device in vivo, for example, due to mois 
ture penetration. Unfortunately, this design suffers from com 
plexity of design and manufacture and/ or higher density and 
mass than otherWise necessary. 

SUMMARY OF THE INVENTION 

[0004] In a ?rst embodiment, a device suitable for implan 
tation in a body of a host is provided, the device comprising a 
composite material comprising a matrix material and a plu 
rality of holloW gas-?lled beads. 
[0005] In an aspect of the ?rst embodiment, the beads are 
glass beads. 
[0006] In an aspect of the ?rst embodiment, the matrix 
material comprises a polymeric material, for example, an 
epoxy. 
[0007] In an aspect of the ?rst embodiment, the device 
comprises a body that is at least partially formed by mixing 
the matrix material and the holloW gas-?lled beads to form a 
mixture, and curing the mixture. 
[0008] In an aspect of the ?rst embodiment, a diameter of at 
least a portion of the beads is from about 0.001 mm to about 
3 mm. 

[0009] In an aspect of the ?rst embodiment, a diameter of at 
least a portion of the beads is about 1 mm or less. 
[0010] In an aspect of the ?rst embodiment, the device 
further comprises an antenna for radiating or receiving an RF 
transmission. The composite material can be proximal to the 
antenna or adjacent to the antenna. 
[0011] In an aspect of the ?rst embodiment, a dielectric 
constant of the composite material is less than a dielectric 
constant of the matrix material. 
[0012] In a second embodiment, a method for forming a 
composite material suitable for implantation in a host is pro 
vided, the method comprising providing a matrix material 
having a ?rst dielectric constant; providing a plurality of 
holloW gas-?lled beads having a second dielectric constant, 
Wherein the second dielectric constant is loWer than the ?rst 
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dielectric constant; mixing the holloW gas-?lledbeads and the 
matrix material to obtain a mixture; and curing the mixture, 
Whereby a composite material With a third dielectric constant 
is formed, Wherein the third dielectric constant is loWer than 
the ?rst dielectric constant and higher than the second dielec 
tric constant. 
[0013] In an aspect of the second embodiment, the gas 
?lled beads are air-?lled beads. 
[0014] In an aspect of the second embodiment, the implant 
able device comprises electronics and an antenna for radiat 
ing or receiving a RF transmission, and Wherein the step of 
curing comprises curing the mixture proximal to the antenna. 
The step of curing can comprise at least partially encapsulat 
ing the electronics and the antenna With the composite mate 
rial. 
[0015] In an aspect of the second embodiment, the implant 
able device comprises a glucose sensor. 
[0016] In a third embodiment, a device suitable for implan 
tation in a host is provided, the device comprising a body and 
electronics, Wherein the overall density of the device is about 
1 g/cm3 . 

[0017] In an aspect of the third embodiment, the body is 
formed from a composite material comprising a matrix mate 
rial and a plurality of holloW gas-?lled beads. The composite 
material can have an overall density of less than about 1 
g/cm3 . 

[0018] In an aspect of the third embodiment, the device is 
con?gured to measure glucose. 
[0019] In an aspect of the third embodiment, the device is a 
Wholly implantable glucose sensor con?gured for implanta 
tion in a subcutaneous tissue of a host. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a perspective vieW of a system that utiliZes 
a composite material of the preferred embodiments. 
[0021] FIG. 2 is a block diagram that illustrates the elec 
tronics associated With the implantable glucose sensor in one 
embodiment. 
[0022] FIG. 3 is a graph that illustrates the relationship 
betWeen loading and density determined from an experiment 
comparing composite materials of the preferred embodi 
ments. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] The folloWing description and examples illustrate 
some exemplary embodiments of the disclosed invention in 
detail. Those of skill in the art Will recogniZe that there are 
numerous variations and modi?cations of this invention that 
are encompassed by its scope. Accordingly, the description of 
a certain exemplary embodiment should not be deemed to 
limit the scope of the present invention. 

DEFINITIONS 

[0024] In order to facilitate an understanding of the pre 
ferred embodiments, a number of terms are de?ned beloW. 
[0025] The term “host,” as used herein, is a broad term and 
is used in its ordinary sense, including, but not limited to, 
mammals such as humans. 

[0026] The term “matrix material,” as used herein, is a 
broad term and is used in its ordinary sense, including, but not 
limited to, the continuous phase in a composite material in 
Which a second phase is dispersed. In the preferred embodi 
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ments, the matrix material is a material that can be provided 
in liquid or powder form and cured to form a relatively solid 
body. Matrix materials suitable for the preferred embodi 
ments include: insulating materials, Water-vapor permeable 
materials, and polymeric materials, such as epoxies, ure 
thanes, silicones, resins, Parylene, and the like. 
[0027] The term “beads” as used herein, is a broad term and 
is used in its ordinary sense, including, Without limitation, 
bubbles or other holloW or enclosed spaces ?lled With a gas, 

a vacuum, or loW-density material (Wherein the density is 
compared to that of the matrix material). 
[0028] The term “RF transceiver,” as used herein, is a broad 
term and is used in its ordinary sense, including, but not 
limited to, a radio frequency transmitter and/ or receiver for 
transmitting and/ or receiving signals. 
[0029] The term “antenna,” as used herein, is a broad term 
and is used in its ordinary sense, including, but not limited to, 
a metallic or conductive device (such as a rod or Wire) for 
radiating or receiving radio Waves. 
[0030] The terms “raW data stream” and “data stream,” as 
used herein, are broad terms and are used in their ordinary 
sense, including, but not limited to, an analog or digital signal 
directly related to the analyte concentration measured by the 
analyte sensor. In one example, the raW data stream is digital 
data in “counts” converted by an A/D converter from an 
analog signal (for example, voltage or amps) representative of 
an analyte concentration. The terms broadly encompass a 
plurality of time spaced data points from a substantially con 
tinuous analyte sensor, Which comprises individual measure 
ments taken at time intervals ranging from fractions of a 
second up to, for example, 1, 2, 3, 4, or 5 minutes or longer. 
[0031] The term “electronic circuitry,” as used herein, is a 
broad term and is used in its ordinary sense, including, but not 
limited to, the components (for example, hardWare and/or 
softWare) of a device con?gured to process data. In the case of 
a glucose sensor, the data includes biological information 
obtained by a sensor regarding the concentration of the ana 
lyte in a biological ?uid. 
[0032] The terms “operably connected” and “operably 
linked,” as used herein, are broad terms and are used in their 
ordinary sense, including, but not limited to, one or more 
components being linked to another component(s) in a man 
ner that alloWs transmission of signals betWeen the compo 
nents. For example, one or more electrodes can be used to 
detect the amount of glucose in a sample and convert that 
information into a signal; the signal can then be transmitted to 
an electronic circuit. In this case, the electrode is “operably 
linked” to the electronic circuit. These terms are broad 
enough to include Wired and Wireless connectivity. 

OVERVIEW 

[0033] Implantable devices are disclosed in the preferred 
embodiments, Which utiliZe a composite material that alloWs 
for optimiZation of the density and/or overall Weight of the 
implantable device. Polymeric materials, for example epoxy, 
can be used to encapsulate implantable devices; hoWever 
these polymeric materials can have a sub-optimal Weight 
and/ or density for implantation. Most implantable devices are 
denser than the body and therefore tend to migrate When 
implanted. Migration can increase the local in?ammatory 
response of the body to the device, Which can result in altered 
function of the implantable device, such as is described in 
co-pending U.S. patent application Ser. No. 10/646,333, 
Which is incorporated herein by reference in its entirety. 
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Therefore, it can be advantageous to decrease the density 
(and/ or Weight) of the implantable device, such as described 
in more detail beloW. 

[0034] Additionally, the implantable device of the pre 
ferred embodiments, including the composite material 
described herein, can optimiZe RF performance When the 
implantable device utiliZes RF transmissions; for example, 
implantable devices that are encapsulated in a polymeric 
material (e. g., epoxy), particularly Where the polymeric mate 
rial comes into direct or close contact With the antenna. These 
devices typically use electrically small antennas, Which tend 
to have a high Q (Quality factor) making the antenna resonant 
frequency shift strongly depending on the environment (e. g., 
dielectric constant of the encapsulating material can shift over 
time as moisture penetrates through the encapsulating mate 
rial and proximal to the antenna). Unfortunately, this shift in 
frequency response can cause the ef?ciency of the antenna to 
change When it becomes encapsulated Within an implantable 
device and implanted inside the body (e.g., due to moisture 
penetration through a moisture-permeable encapsulating 
material, such as epoxy). Therefore, it can be advantageous to 
improve the ef?ciency of the antenna by maintaining a sub 
stantially constant dielectric property of the device surround 
ing the antenna over time even When implanted in a host body. 
[0035] Accordingly, implantable devices are provided 
Wherein the implantable devices include a composite material 
formed from a matrix material and a plurality of beads incor 
porated therein. In some embodiments, the composite mate 
rial encapsulates or substantially encapsulates the electronic 
circuitry (components) of an implantable device to form the 
body of device (or a portion of the body of the device). 
Preferably, the beads can be mixed With the matrix material 
(e.g., epoxy) prior to curing, and can be very small (e.g., 
smaller than 1/1000th of an inch). These small beads are holloW 
and can be ?lled With any number of gases or a vacuum. 

[0036] In preferred embodiments, the matrix material can 
be any material that can be provided in liquid or poWder form 
and cured to form a relatively solid body. Matrix materials 
particularly suitable for use in the preferred embodiments 
include insulating materials, Water-vapor permeable materi 
als, and polymeric materials, such as epoxies, urethanes, sili 
cones, resins, Parylene, and the like. In some embodiments, 
epoxy materials are generally preferred as the matrix mate 
rial. HoWever, any suitable material can be employed, for 
example, other polymeric materials, metals, ceramics, 
glasses, and the like, as Will be appreciated by one skilled in 
the art. 

[0037] While holloW, or air ?lled, glass beads are generally 
preferred, any suitable material of reduced dielectric content 
or reduced density, When compared to that of the matrix 
material, canbe employed. For example, holloW epoxy beads, 
or holloW beads prepared from another material, such as 
polymeric, ceramic, or metallic materials, can also be 
employed. In addition to holloW beads, beads comprising 
encapsulated open celled foam, or encapsulated or unencap 
sulated closed cell foam can also be employed. For example, 
expandable polystyrene beads can be employed. While beads 
are generally preferred, any suitable shape can be employed, 
for example, cubes, rods, irregular shapes, and the like. 
[0038] The beads or other ?ll material can be of any suitable 
siZe. Preferably, the beads range in siZe from a feW microns or 
smaller to a feW millimeters or larger in their greatest dimen 
sion. Generally, ?ller having particle siZes of from about 
0.001 mm, 0.005, 0.01, 0.05, 0.1, or 0.5 mm to about 1, 2, or 
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3 mm are generally preferred. A variety of sizes and shapes of 
?ller particles can be mixed together to improve the number 
of particles that can be packed into a certain volume. 
[0039] In some alternative embodiments, the composite 
material can employ an epoxy or other polymeric foam, 
Wherein the voids are ?lled With a gas or a vacuum. The 

composite material comprises gas-?lled voids that aid in 
reducing the Weight and/or density of the matrix material 
and/ or additionally reduce the dielectric constant surrounding 
the antenna. 
[0040] In practice, the beads are added to the matrix mate 
rial, and the material is cured or hardened to form a body, such 
as the entire implantable device body or a portion thereof In 
some embodiments, the beads can be added to a matrix mate 
rial in its liquid phase (e.g., liquid epoxy) before or after a 
hardener is added. When a light or UV cure is chosen to cure 
the matrix material, the beads can be added at any time prior 
to the hardening of the matrix material. Once a desired 
amount of beads are added to the matrix material, they are 
mixed, and the material is cured to form the body (or portion 
of the body) of the implantable device. The resulting structure 
of the composite material (namely, matrix material and 
beads) can be optimiZed for density, RF performance, and 
other characteristics such as described in more detail beloW. 
[0041] Implantable devices canbe tailored to a Wide variety 
of desirable Weights and/ or densities using the composite 
material of the preferred embodiments. This composite mate 
rial (e.g., With a density less than 1 g/cm3) can provide an 
advantage of offsetting the electronics (e.g., With density 
more than 1 g/cm3) to achieve an implantable device With an 
overall density of about 1 g/cm3 . An implantable device With 
a density of about 1 g/cm3 effectively “?oats” Within the 
tissue of the body. Thus, as the body experiences sudden 
accelerations and decelerations (e.g., jumping, car rides, run 
ning, and the like) the device does not experience a displacing 
force, Which Would otherWise cause motion artifact, Which is 
knoWn to increase local in?ammatory response and decrease 
device function in many uses and applications. Furthermore, 
it is contemplated that the device can be implanted Without 
any anchoring device, or that the existing anchoring devices 
provide suf?cient function to counteract motion artifact. 
[0042] Additionally, the tuning of an RF antenna in an 
implantable device can be more robust due to a more consis 
tent dielectric property surrounding an antenna Within the 
implantable device. Namely, the composite material (e.g., 
matrix material and gas-?lled beads) effectively maintains a 
reduced dielectric constant as compared With matrix material 
only because the beads (being holloW) add air to the compos 
ite structure and therefore loWer the dielectric constant of the 
surrounding body (e.g., closer to the environment in Which 
the antenna Was tuned) such that a substantially constant 
dielectric property is maintained over time in vivo. 
[0043] While the composite materials of the preferred 
embodiments are particularly Well suited for use in conjunc 
tion With implantable glucose sensors, they can also be 
employed in any other implantable device Wherein neutral 
buoyancy, loW dielectric constant, or some other characteris 
tic feature is desirable, for example, pacemakers, sensors, 
prostheses, and the like. 

Exemplary Continuous Glucose Sensor 
Con?guration 

[0044] FIG. 1 is a perspective vieW of a system that utiliZes 
a composite material of the preferred embodiments. It 
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includes a continuous glucose sensor 10 implanted Within a 
human and can be con?gured for transmitting data via RF in 
some embodiments. The system of the preferred embodi 
ments provides reduced density for improved interaction 
Within the physiological environment and reliable RF trans 
missions through the physiological environment, thereby 
increasing overall patient con?dence, safety, and conve 
nience. 

[0045] The continuous glucose sensor 10 measures a con 
centration of glucose or a substance indicative of a concen 

tration or a presence of glucose. HoWever, the concepts 
described With reference to the sensor 10 can be implemented 
With any sensor capable of determining the level of any ana 
lyte in the body, for example, oxygen, lactase, insulin, hor 
mones, cholesterol, medicaments, viruses, or the like. Addi 
tionally, although much of the description of the glucose 
sensor is focused on electrochemical detection methods, the 
systems and methods can be applied to glucose sensors that 
utiliZe other measurement techniques, including enZymatic, 
chemical, physical, spectrophotometric, polarimetric, calori 
metric, radiometric, or the like. 
[0046] Reference is noW made to FIG. 1, Which is a per 
spective vieW of the implantable glucose sensor 10 of the 
preferred embodiments. Co-pending U.S. patent application 
Ser. No. 10/838,912, ?led May 3, 2004 and entitled, 
“IMPLANTABLE ANALYTE SENSOR” and Us. Patent 
Publication No. 2003-0032874 A1 disclose systems and 
methods that can be used With this exemplary glucose sensor 
embodiment. In this embodiment, a sensing region 12 is 
shoWn on the body 14 of the glucose sensor 10. In one pre 
ferred embodiment, the sensing region 12 comprises an elec 
trode system including a platinum Working electrode, a plati 
num counter electrode, and a silver/ silver chloride reference 
electrode. HoWever, a variety of electrode materials and con 
?gurations can be used With the implantable glucose sensors 
of the preferred embodiments. The top ends of the electrodes 
are in contact With an electrolyte phase (not shoWn), Which is 
a free-?oWing ?uid phase disposed betWeen a sensing mem 
brane and the electrodes. In one embodiment, the counter 
electrode is provided to balance the current generated by the 
species being measured at the Working electrode. In some 
embodiments, the sensing membrane includes an enZyme, for 
example, glucose oxidase, and covers the electrolyte phase. 
In the case of a glucose oxidase based glucose sensor, the 
species being measured at the Working electrode is H2O2. 
Glucose oxidase catalyZes the conversion of oxygen and glu 
cose to hydrogen peroxide and gluconate according to the 
folloWing reaction: 

[0047] The change in H2O2 can be monitored to determine 
glucose concentration, because for each glucose molecule 
metaboliZed, there is a proportional change in the product 
H202. Oxidation of H202 by the Working electrode is bal 
anced by reduction of ambient oxygen, enZyme generated 
H202, or other reducible species at the counter electrode. The 
H2O2 produced from the glucose oxidase reaction further 
reacts at the surface of Working electrode and produces tWo 
protons (2H+), tWo electrons (2e'), and one oxygen molecule 
(02) 
[0048] A potentiostat is employed to monitor the electro 
chemical reaction at the electroactive surface(s). The poten 
tiostat applies a constant potential to the Working and refer 
ence electrodes to determine a current value. The current that 
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is produced at the Working electrode (and ?oWs through the 
circuitry to the counter electrode) is substantially propor 
tional to the amount of H202 that diffuses to the Working 
electrode. Accordingly, a raW signal can be produced that is 
representative of the concentration of glucose in the user’s 
body, and therefore can be utilized to estimate a meaningful 
glucose value. 
[0049] FIG. 2 is a block diagram that illustrates the elec 
tronics 20 associated With the implantable glucose sensor 10 
in one embodiment. In this embodiment, a potentiostat 22 is 
shoWn, Which is operably connected to an electrode system 
(such as described above) to obtain a current value, and 
includes a resistor (not shoWn) that translates the current into 
voltage. An A/D converter 24 digitizes the analog signal into 
“counts” for processing. Accordingly, the resulting raW data 
stream in counts is directly related to the current measured by 
the potentiostat 22. 
[0050] A processor module 26 includes the central control 
unit that houses ROM 28 and RAM 30 and controls the 
processing of the sensor electronics 20. In some embodi 
ments, the processor module includes a microprocessor, hoW 
ever a computer system other than a microprocessor can be 
used to process data as described herein, for example an 
application-speci?c integrated circuit (ASIC) can be used for 
some or all of the sensor’s central processing, as is appreci 
ated by one skilled in the art. The ROM 28 provides semi 
permanent storage of data, for example, storing data such as 
sensor identi?er (ID) and programming to process data 
streams (for example, programming for data smoothing and/ 
or replacement of signal artifacts such as described in copend 
ing US. patent application Ser. No. l0/648,849, ?led Aug. 
22, 2003, and entitled, “SYSTEMS AND METHODS FOR 
REPLACING SIGNAL ARTIFACTS INA GLUCOSE SEN 
SOR DATA STREAM,” Which is incorporated herein by ref 
erence in its entirety). The RAM 30 can be used for the 
system’s cache memory, for example, for temporarily storing 
recent sensor data. In some alternative embodiments, 
memory storage components comparable to ROM 28 and 
RAM 30 can be used instead of or in addition to the preferred 
hardWare, such as dynamic-RAM, static-RAM, non-static 
RAM, EEPROM, reWritable ROMs, ?ash memory, or the 
like. 

[0051] A battery 32 is operably connected to the sensor 
electronics 20 and provides the necessary poWer for the sen 
sor 10. In one embodiment, the battery is a lithium manganese 
dioxide battery; hoWever any appropriately sized and poW 
ered battery can be used (for example, AAA, nickel-cad 
mium, zinc-carbon, alkaline, lithium, nickel-metal hydride, 
lithium-ion, zinc-air, zinc-mercury oxide, silver-zinc, and/or 
hermetically-sealed). In some embodiments, the battery is 
rechargeable. In some embodiments, a plurality of batteries 
can be used to poWer the system. In yet other embodiments, 
the sensor can be transcutaneously poWered via an inductive 
coupling, for example. In some embodiments, a quartz crystal 
34 is operably connected to the processor 26 and maintains 
system time for the computer system as a Whole. 

[0052] An RF module 36 is operably connected to the pro 
cessor 26 and transmits the sensor data from the sensor 10 to 
a receiver (not shoWn) Within a Wireless transmission 38 via 
antenna 40. In some embodiments, a second quartz crystal 42 
provides the system time for synchronizing the data transmis 
sions from the RF transceiver. In some alternative embodi 
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ments, hoWever, other mechanisms, such as optical, infrared 
radiation (IR), ultrasonic, or the like can be used to transmit 
and/or receive data. 

[0053] In the con?guration of the RF telemetry module of 
the preferred embodiments, the hardWare and softWare are 
designed for loW poWer requirements to increase the longev 
ity of the device (for example, to enable a life of up to 3 to 24 
months, or more) With maximum RF transmittance from the 
in vivo environment to the ex vivo environment (for example, 
about one to ten meters). Preferably, a high frequency carrier 
signal in the range of 402 to 405 MHz is employed in order to 
maintain loWer poWer requirements. Additionally, the carrier 
frequency is adapted for physiological attenuation levels, 
Which is accomplished by tuning the RF module in a simu 
lated in vivo environment to ensure RF functionality after 
implantation. Accordingly, it is believed that the preferred 
glucose sensors can sustain sensor function for 3 months, 6 
months, 12 months, 24 months, or more. 
[0054] Additionally, the exemplary glucose sensor com 
prises the composite material of the preferred embodiments. 
In one embodiment, the body of the sensor is preferably 
formed from a composite of epoxy mixed With glass beads 
and molded around the sensor electronics; hoWever, in alter 
native embodiments, the body canbe formed from a variety of 
composite materials; for example, other matrix materials can 
also be used, such as silicone, urethane, or other polymeric 
materials, as Well as other types of beads. Co-pending US. 
patent application Ser. No. 10/ 838,909, ?led May 3, 2004 and 
entitled, “IMPLANTABLE MEDICAL DEVICE,” Which is 
incorporated herein by reference in its entirety, describes 
systems and methods for encapsulation of sensor electronics 
in a Water vapor permeable material, such as epoxy, Which 
systems and methods can be implemented With the preferred 
embodiments for encapsulation of an implantable device in 
the composite material of the preferred embodiments. 
[0055] While not Wishing to be bound by theory, it is 
believed that implantable devices that are partially or Wholly 
formed from the composite material of the preferred embodi 
ments minimize the local in?ammatory response of the body 
to the device, Which can result in improved function of the 
implantable device. Additionally, it is believed that implant 
able devices that are partially or Wholly formed from the 
composite material of the preferred embodiments improve 
the tuning of the antenna by loWering the dielectric constant 
surrounding the antenna, thereby minimizing the susceptibil 
ity of the antenna to change as it becomes encapsulated Within 
an implantable device. 

[0056] While the systems and methods of the preferred 
embodiments are particularly Well suited for use in conjunc 
tion With implantable glucose sensors, they can also be 
employed in any other implantable devices Wherein neutral 
buoyancy, loW dielectric constant, or some other characteris 
tic feature is desirable, for example, pacemakers, sensors, 
prostheses, and the like. 

EXAMPLE 

[0057] An experiment Was performed Wherein four differ 
ent amounts of glass beads Were each added to three grams of 
epoxy, after Which the material Was cured and their densities 
measured. The results in Table 1 Were then graphed to shoW 
the Weight percent loading to density relationship of the glass 
beads in epoxy. 
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TABLE 1 

epoxy glass di 
Saln- Weight spheres alneter volume mass 

P16 (g) (8) (mm) (H113 ) (8) 
density Wt.% 
(g/ml3) loading 

1 3.00 0.150 35.74 3.43418 2.5896 0.7541 4.8 
2 3.00 0.300 35.76 4.58403 2.9779 0.6496 9.1 
3 3.00 0.447 35.78 5.13549 2.8506 0.5551 13.0 
4 3.00 0.599 35.74 5.01499 2.4824 0.4950 16.6 

[0058] FIG. 3 is a graph that illustrates the relationship 
between loading and density determined from the above 
described experiment. The x-axis represents the density of the 
composite material in g/ml3 . The y-axis represents the Weight 
% of glass beads (spheres). The graph shoWs that the addition 
of 17 Weight percent glass beads to the epoxy reduces the 
density of the epoxy to about 0.5 g/ml3. The density of the 
epoxy material Without the addition of the glass beads is about 
1.1 g/ml3. This represents a 55% reduction in density of the 
composite material as compared to epoxy alone. A much 
loWer or higher Weight percent of glass beads can be added to 
the epoxy than is shoWn above. While not Wishing to be bound 
by theory, it is believed that the density of the composite 
mixture can be reduced to about 10% of the density of normal 
epoxy, for example. 
[0059] Methods and devices that are suitable for use in 
conjunction With aspects of the preferred embodiments are 
disclosed in co-pending US. patent application Ser. No. 
10/885,476, ?led Jul. 6, 2004, and entitled “SYSTEMS AND 
METHODS FOR MANUFACTURE OF AN ANALYTE 
SENSOR INCLUDING A MEMBRANE SYSTEM”; US. 
patent application Ser. No. 10/ 842,716, ?led May 10, 2004, 
and entitled, “MEMBRANE SYSTEMS INCORPORAT 
ING BIOACTIVE AGENTS”; co-pending US. patent appli 
cation Ser. No. 10/838,912, ?led May 3, 2004, and entitled, 
“IMPLANTABLE ANALYTE SENSOR”; US. patent appli 
cation Ser. No. 10/789,359, ?led Feb. 26, 2004, and entitled, 
“INTEGRATED DELIVERY DEVICE FOR A CONTINU 
OUS GLUCOSE SENSOR”; US. application Ser. No. 
10/685,636, ?led Oct. 28, 2003, and entitled, “SILICONE 
COMPOSITION FOR MEMBRANE SYSTEM”; US. 
application Ser. No. 10/648,849, ?led Aug. 22, 2003, and 
entitled, “SYSTEMS AND METHODS FOR REPLACING 
SIGNAL ARTIFACTS IN A GLUCOSE SENSOR DATA 
STREAM”; US. application Ser. No. 10/646,333, ?ledAug. 
22, 2003 entitled, “OPTIMIZED SENSOR GEOMETRY 
FOR AN IMPLANTABLE GLUCOSE SENSOR”; US. 
application Ser. No. 10/647,065, ?ledAug. 22, 2003, entitled, 
“POROUS MEMBRANES FOR USE WITH IMPLANT 
ABLE DEVICES”; U.S. application Ser. No. 10/633,367, 
?led Aug. 1, 2003, entitled, “SYSTEM AND METHODS 
FOR PROCESSINGANALYTE SENSOR DATA”; US. Pat. 
No. 6,702,857 entitled “MEMBRANE FOR USE WITH 
IMPLANTABLE DEVICES”; US. application Ser. No. 
09/447,227, ?led Nov. 22, 1999, and entitled “DEVICE AND 
METHOD FOR DETERMINING ANALYTE LEVELS”; 
and US. Publ. No. 2004-0011671 A1 entitled “DEVICE 
AND METHOD FOR DETERMINING ANALYTE LEV 
ELS,” as Well as published applications and issued patents 
including US. Publ. No. 2003/0217966 A1 entitled “TECH 
NIQUES TO IMPROVE POLYURETHANE MEM 
BRANES FOR IMPLANTABLE GLUCOSE SENSORS”; 
U.S. Publ. No. 2003/0032874 A1 entitled “SENSOR HEAD 
FOR USE WITH IMPLANTABLE DEVICE”; US. Pat. No. 
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6,741,877 entitled “DEVICE AND METHOD FOR DETER 
MINING ANALYTE LEVELS”; US. Pat. No. 6,558,321 
entitled “SYSTEMS AND METHODS FOR REMOTE 
MONITORING AND MODULATION OF MEDICAL 
DEVICES”; US. Pat. No. 6,001,067 issued Dec. 14, 1999 
and entitled “DEVICE AND METHOD FOR DETERMIN 
ING ANALYTE LEVELS”; US. Pat. No. 4,994,167 issued 
Feb. 19, 1991 and entitled “BIOLOGICAL FLUID MEA 
SURING DEVICE”; and US. Pat. No. 4,757,022 ?led Jul. 
12, 1988 and entitled “BIOLOGICAL FLUID MEASUR 
ING DEVICE”; US. application Ser. No. 60/489,615 ?led 
Jul. 23, 2003 and entitled “ROLLED ELECTRODE ARRAY 
AND ITS METHOD FOR MANUFACTURE”; U.S. appli 
cation Ser. No. 60/490,010 ?led Jul. 25, 2003 and entitled 
“INCREASING BIAS FOR OXYGEN PRODUCTION IN 
AN ELECTRODE ASSEMBL ”; US. application Ser. No. 
60/490,009 ?led Jul. 25, 2003 and entitled “OXYGEN 
ENHANCING ENZYME MEMBRANE FOR ELECTRO 
CHEMICAL SENSORS”; U.S. application Ser. No. 10/ 896, 
312 ?led Jul. 21, 2004 and entitled “OXYGEN-GENERAT 
ING ELECTRODE FOR USE IN ELECTROCHEMICAL 
SENSORS”; US. application Ser. No. 10/896,637 ?led Jul. 
21, 2004 and entitled “ROLLED ELECTRODE ARRAY 
AND ITS METHOD FOR MANUFACTURE”; U.S. appli 
cation Ser. No. 10/896,772 ?led Jul. 21, 2004 and entitled 
“INCREASING BIAS FOR OXYGEN PRODUCTION IN 
AN ELECTRODE ASSEMBLY”; US. application Ser. No. 
10/896,639 ?led Jul. 21, 2004 and entitled “OXYGEN 
ENHANCING ENZYME MEMBRANE FOR ELECTRO 
CHEMICAL SENSORS”; U.S. application Ser. No. 10/ 897, 
377 ?led Jul. 21, 2004 and entitled “ELECTROCHEMICAL 
SENSORS INCLUDING ELECTRODE SYSTEMS WITH 
INCREASED OXYGEN GENERATION”. The foregoing 
patent applications and patents are hereby incorporated 
herein by reference in their entireties. 
[0060] All references cited herein are incorporated herein 
by reference in their entireties. To the extent publications and 
patents or patent applications incorporated by reference con 
tradict the disclosure contained in the speci?cation, the speci 
?cation is intended to supersede and/or take precedence over 
any such contradictory material. 
[0061] The term “comprising” as used herein is synony 
mous With “including,” “containing,” or “characterized by,” 
and is inclusive or open-ended and does not exclude addi 
tional, unrecited elements or method steps. 
[0062] All numbers expressing quantities of ingredients, 
reaction conditions, and so forth used in the speci?cation and 
claims are to be understood as being modi?ed in all instances 
by the term “about.” Accordingly, unless indicated to the 
contrary, the numerical parameters set forth in the speci?ca 
tion and attached claims are approximations that can vary 
depending upon the desired properties sought to be obtained 
by the present invention. At the very least, and not as an 
attempt to limit the application of the doctrine of equivalents 
to the scope of the claims, each numerical parameter should 
be construed in light of the number of signi?cant digits and 
ordinary rounding approaches. 
[0063] The above description discloses several methods 
and materials of the present invention. This invention is sus 
ceptible to modi?cations in the methods and materials, as 
Well as alterations in the fabrication methods and equipment. 
Such modi?cations Will become apparent to those skilled in 
the art from a consideration of this disclosure or practice of 
the invention disclosed herein. Consequently, it is not 
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intended that this invention be limited to the speci?c embodi 
ments disclosed herein, but that it cover all modi?cations and 
alternatives coming Within the true scope and spirit of the 
invention as embodied in the attached claims. 
What is claimed is: 
1. A method for forming a composite material suitable for 

implantation in a host, the method comprising: 
providing a matrix material having a ?rst dielectric con 

stant; 
providing a plurality of holloW gas-?lled beads having a 

second dielectric constant, Wherein the second dielectric 
constant is loWer than the ?rst dielectric constant; 

mixing the holloW gas-?lled beads and the matrix material 
to obtain a mixture; and 

curing the mixture, Whereby a composite material With a 
third dielectric constant is formed, Wherein the third 
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dielectric constant is loWer than the ?rst dielectric con 
stant and higher than the second dielectric constant. 

2. The method of claim 1, Wherein the gas-?lled beads are 
air-?lled beads. 

3. The method of claim 2, Wherein the implantable device 
comprises electronics and an antenna for radiating or receiv 
ing a RF transmission, and Wherein the step of curing com 
prises curing the mixture proximal to the antenna. 

4. The method of claim 3, Wherein the step of curing 
comprises at least partially encapsulating the electronics and 
the antenna With the composite material. 

5. The method of claim 1, Wherein the implantable device 
comprises a glucose sensor. 

* * * * * 


