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Abstract

In this paper we present the design, realization and measurements of a first proto-
type of a complete implantable device. The RF system, working over the Medical

Implanted Communication Systems (MICS) bandwidth and composed of the an-
tenna, the battery, the transceiver for the data communication and the insulation
material, has been designed and realized in order to be integrated with an implanted
glucose sensor.

Introduction

The use of antennas is not uncommon in biomedical devices; imaging systems for
diagnostic purposes, radiotherapy systems and body-worn safety devices are nowa-
days known and, in some cases, widely used. On the other hand, implanted devices
have not been widely applied yet, and their use has up to now been concentrated
mainly around hyperthermia applications. Recently a high interest has arisen on the
implanted device [1, 2], after that both Federal Communication Commission (FCC-
USA) and the European Telecommunication Standards Institute (ETSI) allocated
the MICS bandwidth [3, 4] from 402 to 405 MHz. The MICS frequency band has
been chosen to reduce the wave attenuation in the complex human environment.
Indeed the human body is composed of several lossy media with different properties
[5] and the allocated frequency band results in sustainable wave attenuation accord-
ing to the expected thickness of tissue around the antenna.
As a drawback, the use of the MICS band requires electrically very small antennas.
Combining all the performance reductions due to the small antenna size and the ef-
fect of the lossy environment, the overall resulting system becomes highly inefficient.
Nevertheless, the applications for implanted devices are very promising, especially if
indoor applications are considered. We present here a first prototype of a complete
antenna system including power supply and data communication, designed for an
implanted glucose sensor.

Antenna Design

The implanted glucose sensor considered in this application [6] has a cylindrical
shape with a long axis; following this structure and to facilitate the assembling pro-
cess, we designed a conformal antenna, which makes use of the maximal available
cylindrical volume.
Starting with the well known (rectangular) planar inverted-F antenna (PIFA), we
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bent the patch and the ground plane in order to create a three dimensional structure,
and thus lowered the resonance frequency. The cross section of the structure was
then transformed from a rectangle to a circle, and optimized to obtain the required
performances. The final structure is depicted in 1(a). The design was performed
taking into account the media present in the proximity of the antenna :
- the biocompatible insulation material: PEEK (Polyetheretherketones) with 1mm
thickness,
- the human body tissue: we considered an equivalent homogeneous muscle tissue
(ǫr=57.1, σ=0.79 [5]). The antenna has been simulated in a muscle equivalent sphere
(radius 45 mm) in order to estimate the system efficiency [7].
The designed structure moreover provides, due to the folded geometry, a good shield-
ing between the antenna and the electronics that is placed inside, leading to a com-
plete use of the available volume.
Figure 1(c) shows the reflection coefficient of the antenna. It is important to note
first that the antenna is not matched to 50Ω, but to the value required by the in-
tegrated circuit (IC) produced by Zarlink Semiconductor [8], and second, that the
antenna gain is very low (-29dB considering the body presence) due to the very
small electrical size of the structure and the lossy environment. However, it satisfies
the Zarlink requirements for indoor communication.
In this first prototype, intended to demonstrate the feasibility of the implant, no di-
electric was used in order to still reduce the antenna size, which leads to a relatively
large implant (cylinder height=22.72mm, external radius=10.5mm). Moreover, in
this first attempt, a very simplified model for the human body was considered, where
the device is just immerged in a body simulating solution.
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Figure 1: Model, realization and results



Electronics and Packaging

As previously mentioned, the antenna was designed to be integrated with the battery
for the power supply and a IC. Both mechanical and electrical requirements have
been taken into account while designing these components and the required pieces
for the insulation. As shown in figure 2, the available empty space inside the antenna
has been used to place all active and matching elements. In order to be able to carry
out several measurements, the battery life was increased using a large battery (the
height is 10.8mm and diameter is 11.6mm, 155mAh) which would be replaced by a
smaller device in a real life application, figure 3(a). The large battery was necessary
for testing purposes, as it gave us enough autonomy (31 hours of life time)to test
several link aspects, using different sub-bands and adjusting matching structures in
order to obtain the best performances. After the calibration measurements, that
have shown a good agreement with the simulated results, we completely insulated
the system.
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Figure 2: Packaging

Realization and Measurements

The designed antenna and all the related pieces are shown in figure 1(d). Sub-
sequently the complete system has been mounted resulting in the final insulated
implant device in the biocompatible casing. In order to measure the performances
of the antenna in a human body tissue we prepared a muscle equivalent liquid
following the recipe reported in [1]. Although the application is supposed to be
under-skin (interstitial liquid) we decided to test the system in the MICS standard
medium (muscle) but with a reduced thickness to consider an environment closer to
the working condition; in fact the system has been immerged in muscle equivalent
liquid contained in a cylinder, where the antenna is surrounded by roughly 1 cm of
liquid on all its sides. The dielectric properties of liquid have been measured using
the HP Dielectric Probe Kit 85070E, and we obtained a good agreement with the
foreseen quantities, as shown in tab. 1. Placing the antenna into the equivalent body

Body phantom target values (MICS) Measured values

ǫr=57.1 ǫr=57.0680
tan δ=0.622 tan δ=0.6573

Table 1: Body Phantom

liquid and using the base station provided by Zarlink to transmit data (800Kbps)
over the MICS band, we could test the communication link in an anechoic chamber.
Figure 3(b) shows the measurements setup.



The base station, controlled by a laptop, is able to send a wake up signal and to
start the communication in the MICS band. Several distances, orientations and
liquid quantities have been tested showing a maximum range of about 4 meters and
a minimum range always larger than 2 m, which is the reading distance specified by
Zarlink.
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Figure 3: Realization and Measurements
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