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Abstract- The purpose of this paper was to design an antenna for implantable medical devices. This miniature
implantable antenna is simulated using Rogers’s 6010 substrate having dielectricity of 10.2. A compact and miniature
dual-band implantable antenna consists of an unsymmetrical spiral radiating stripe and a U-shaped radiating stripe is
proposed for MICS and ISM band (2.4-2.48 GHz) applications. The length and width of the patch are optimized to attain
the best performance. The modified antenna for medical implant resonates at two different frequencies, i.e. 2.42 GHz and
4.2 GHz with efficiency of 94%.The modified antenna is a dual- layered antenna having the superstrate layer of Rogers
6010 having dielectricity of 10.2 with two shorting PIN, which enhances the antenna results.
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I. INTRODUCTION

Devices that can be implanted in a living body have always attracted significant scientific interest for many
diagnostic and therapeutic applications. The demand for non-invasive surgical operations has made the use of
Implantable Medical Devices (IMDs) as part of medical procedures. Because devices need to communicate
wirelessly with the equipments which are present or are external to the human or any living body, the implanted
antennas are required. The dimensions of traditional half-wavelength antennas at the MICS band are useless for
implantable applications. Hence, miniaturization becomes the greatest challenges in implanted antenna design.
PIFAs have been used to implantable antennas by research groups because of the advantages. The use of wireless
technology in the field of medicine brings together medical information with seamless communication, providing
limit- less opportunities for improving health care. Medical professionals are now able to diagnose, oversee patients
vital functions in acute and long-term situations and monitor the effectiveness of treatment plans in a superior way
through the use of wireless medical devices. It also offers patients and caregivers access to systems that can support
them in managing their conditions more easily and safely, thus improving their quality of life.The microstrip patch
antenna, known as printed resonating antenna is very popular for narrow-band microwave wireless links which
require semi-hemispherical coverage. Due to the small size, light weight, low profile, ease of integration with active
and passive devices and ability of mounting on planar, non-planar as well as rigid exteriors to form MIC’s, they are
extensively studied by the scientific community. Designers have always been looking for creative ways to improve
the performance of these antennas. One method used in patch antenna design is to introduce shorting pins (from the
patch to the ground plane) at various locations which leads into the Planar Inverted-F Antenna.

II. METHODS

A. FINITE ELEMENT METHOD (FEM)
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The finite element method (FEM) is a numerical technique used for the finding approximated solutions to boundary
valued problems for the partial differential equations. It is mostly referred to as the finite element analysis (FEA).
FEM subdivides a larger problem into smaller, simpler parts, called the finite elements. The simple equations that
model these finite elements are assembled on to a larger system of equations that models the entire problem. FEM is
technology which uses variational methods from the help of calculus of variations to approximate all the solution by
minimizing the associated error function. It is one of the powerful commercially available tools used for antenna
designing, and for designing of complex RF electronic circuit elements which includes filters, transmission lines,
and packaging. This is a procedure where the structures are to be subdivided into many smaller subsections called
finite elements. The finite elements used are tetrahedral, and the entire collection of tetrahedral is called a mesh.
A solution will always be found for the fields within the finite elements, and these fields are highly interrelated so
that Maxwell’s equations are made satisfied across all the inter-element boundaries. So one can achieve the field
solution for the entire and the original structure. Once the field solution has been found, the generalized S-matrix
solution can be determined.

B. COAXIAL PROBE FEED TECHNIQUE

The inner conductor of the SMA connector extends through the dielectric and is soldered to the radiating patch,
while the outer conductor is connected to the ground plane as shown in Fig.1.
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Fig. 1. Coaxial Probe feed technique

Microstrip antennas can be fed from underneath via a probe as shown in the figure 1. The inner conductor of the
coaxial connector extends through the dielectric and is soldered on to the radiating patch, while the outer conductor
is connected to the ground plane. The only advantage of Probe feeding scheme is that the feed can be placed at any
desired location inside the patch to match with its input impedance. The probe feed method is easy to fabricate and
has low spurious radiation. The Coupling of power on to the patch antenna through the probe feed technique is quite
simple, cheap, and effective way.

III. ANTENNA DESIGN

In the present work, microstrip patch antenna is taken in to consideration having patch dimensions (17*16) mm
as shown in Fig. 2. The RF power is fed directly to the radiating patch using a using coaxial probe feed technique. It
is situated in the XY-plane over an infinite ground plane with substrate thickness h=0.5 mm (h<<ko), substrate
dielectric constant (¢, = 10.2), loss tangent (tand=0.0023).
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Fig. 2. Geometry of the proposed dual-band implantable antenna

The top view and side view of the proposed stacked dual-band implantable antenna is shown in Fig. 2 and Fig. 3
respectively. It consists of one substrate and one superstrate layer with a spiral radiating stripe and U-shaped
radiating stripe. The spiral stripe can meander the current path, thus it can obtain a reduced size than conventional
microstrip antenna for MICS band. The U-shaped radiating stripe is designed to work in ISM band. The radiator
merging a spiral radiating stripe and a U-shaped radiating stripe has a compact structure, which was sandwiched
between substrate and superstrate dielectric layers of Roger’s 6010.

The addition of superstrate layer or stacking on the top layer of patch has several advantages. It is a miniaturization
technique and hence vertically stacking of two radiating patches reduces antenna size by increasing (nearly
doubling) the length of the current flow path. I have used one more technique i.e. addition of two shorting pin to
enhancement of the performance of the antenna parameters.

Fig. 3. Side view of the proposed dual-band implantable antenna
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IV. RESULTS AND ANALYSIS

The designed implantable antenna for MICS band has been analysed and studied carefully. Fig 4 shows the
return loss for the implantable antenna without the superstrate layer. To optimize the gain, directivity, radiation
patterns over the operating range and to further increase the bandwidth, the superstrate layer was added.
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Fig. 4. Variation of return loss with frequency for implantable antenna (without superstrate layer)

The designed antenna having S;; parameter to be -11.8176 dB and -10.8986dB respectively at two frequencies 2.62
GHz and 4.57 GHz. Hence, the reflection losses parameter need to minimise and over the frequency range. The

enhancement of antenna parameters are achieved by the addition of superstrate layer of Roger’s 6010 having
dielectric constant 10.2 and thickness 0.5mm.

Now by introducing the superstrate layer the modified the antenna resonates at two frequencies 2.4 GHz and 4.20
GHz with an operating bandwidth of 2.56% and 2.9% respectively. Figure 5 shows the variation of return loss with
the frequency for dual band implantable antenna having the superstrate layer.
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Fig. 5. Variation of return loss with frequency for implantable antenna
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The designed antenna having S;; parametre to be -29.0282 dB and -28.8263dB respectively at two frequencies 2.42
GHz and 4.20 GHz. The simulated input impedance corresponding to two resonant frequencies is (53.45 + j1.45)Q
and (46.895 — j1.445)Q respectively, as shown in Figure 6, which is very close to 50 ohm impedance of the feed

line.
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Fig. 6. Simulated input impedance of implantable antenna

It is clearly shows from figure 7 that the value of VSWR is 1.073 and 1.075 at 2.42 GHz and 4.20 GHz
respectively. It means that the maximum power is transferred at the respective resonant frequency.
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Fig. 7. Simulated VSWR of implantable antenna
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The simulated 3D radiation pattern is shown in figure 8. The simulated elevation plane radiation patterns of
antenna at frequencies covering entire. It can be seen that patterns in entire bandwidth are symmetrical in nature and

directed normal to the patch geometry.
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Fig. 8. Simulated 3D radiation pattern of implantable antenna
V. CONCLUSION

This paper presents a stacked configuration of a compact and miniature dual-band implantable antenna consists of
an unsymmetrical spiral radiating stripe and a U-shaped slot is proposed for Medical Communication Services
(MICS) band and Industrial, Scientific and Medical (ISM) band (2.4-2.48 GHz) applications, these are which free-
licensed bands available for commercial medical use. This non-uniform spiral patch etched on the Roger’s substrate
having dielectric constant & = 10.2. This simulated antenna functions on two free listened bands i.e. 2.4GHz to
2.48GHz and 4.2GHz. The characteristics of proposed antennas have been investigated through different
parametric studies using HFSS simulation software. The proposed antennas have achieved good impedance
matching, stable radiation patterns, and suitable gain and bandwidth for implantable applications.
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