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Novel Implantable Disk DRA for Bio-Telemetry
Applications at 2.4 GHz ISM Band

Sumer Singh Singhwal* and Ladislau Matekovits
Department of Electronics and Telecommunications, Politecnico di Torino, Turin-10129, Italy

Abstract—In this paper, a novel circular disk implantable
Dielectric Resonator Antenna (DRA) working at 2.4 GHz ISM
band for bio-telemetry applications is proposed. DRAs have
advantages of no metallic losses and high efficiency in comparison
to their counterparts patch antenna which is a significant benefit
in implantable antenna. Metallic implants pose serious problems
due to various reasons such as induced current, heating, and
resistance in MRI, X-Ray, ECG. Proposed DRA is made up
high dielectric constant material (70O2) and excited by a unique
circular L-shaped feedline with defected ground structure (DGS).
Simulated impedance bandwidth of proposed antenna covers the
entire 2.4 GHz ISM Band (2.40 GHz-2.4832 GHz). A flexible,
thermally stable, bio-compatible layer of Polydimethylsiloxane
(PDMS) is allowed on the surface of the whole structure. Antenna
performance is observed under 20 mm depth in male right arm
phantom in EM simulator HFSS. Maximum Antenna gain in
broadside direction measured is -18 dBi inside the phantom
and radiations are within permissible SAR limits. The proposed
antenna is a suitable candidate for bio-telemetry applications in
the ISM band.

I. INTRODUCTION

Early diagnosis of life-threatening diseases continues to
be a major healthcare challenge. Implantable antennas have
shown promise for wireless bio-telemetry applications, yet
they remain in the developmental phase prior to large-scale
clinical adoption. Various metallic implantable antennas [1]-
[14] have been reported in the literature; however, dielectric
resonator antennas (DRAs) present distinct advantages due to
their absence of metallic components. Since the human body
is composed of tissues with varying dielectric properties, as
summarized in Table I, DRAs exhibit superior electromag-
netic compatibility compared to conventional metallic patch
antennas. Metallic antennas suffer from practical drawbacks
including interference with MRI and X-ray imaging, as well
as localized heating, which may compromise patient safety.

The Federal Communications Commission (FCC) has al-
located specific frequency ranges for implantable medical
devices, including the Medical Implant Communication Ser-
vices (MICS, 402-405 MHz) and the Industrial, Scientific,
and Medical (ISM, 902-928 MHz and 2400-2483.5 MHz)
bands. In our previous work [15], we developed a theoretical
framework for the design of DRA-based implantable antennas.
Building upon this foundation, this paper presents the design
and analysis of a novel circular disk DRA optimized for
operation in the 2.4 GHz ISM band. Presence of a dielectric
disk in proposed configurations strongly reduces the metallic
content of the antenna and minimises the repercussions of
metallic parts in bio-telemetry.
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Fig. 1. Geometry of the Antenna (All dimensions are in mm)

TABLE I
DIELECTRIC PROPERTIES OF HUMAN TISSUES AT 2.45 GHz [16]

Human Tissue | Dielectric constant | Conductivity | Loss Tangent

(er) (o (S/m)) (tan 9)
Skin 38.06 1.4410 0.2835
Muscle 52.79 1.705 0.2419
Fat 5.285 0.1023 0.1450
Cortical Bone 11.38 0.3943 0.2542

II. DESIGN OF ANTENNA

The proposed antenna employs 770> (¢, = 79) as the
high-permittivity dielectric resonator material shaped in a
disk with dimensions 32 mm in diameter and 5.5 mm in
height. Excitation is achieved through a circular L-shaped
microstrip feedline integrated with a defected ground structure
(DGS) on Roger 5880 0.5 mm thick substrate, to enhance
impedance matching and radiation performance. To ensure
biocompatibility and thermal stability, the antenna is encapsu-
lated in a conformal layer of polydimethylsiloxane (PDMS),
which provides electrical isolation from surrounding body
fluids while maintaining mechanical flexibility. The geometric
configuration of the antenna is illustrated in Fig. 1, with



TABLE I
DESIGN PARAMETERS

Parameter | in mm | Parameter | in mm
L1 28.8 L2 25
T 1.6 S 40
D 24 F 8.4
H 5.5 R 9
h 0.5 Dia 32

detailed design parameters listed in Table II.
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Fig. 2. Simulated S11 parameter of proposed Antenna
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Fig. 3. Simulated Gain of proposed Antenna

III. RESULTS AND DISCUSSION

The antenna was evaluated using Ansys HFSS EM Simula-
tor within a male right-arm tissue-equivalent phantom model
at a depth of 20 mm. The simulated results indicate a
maximum broadside gain of —18 dBi, with radiation levels
remaining within permissible specific absorption rate (SAR)
limits, thereby satisfying international safety guidelines [17]-
[19]. The simulated impedance bandwidth spans the entire
2.4 GHz ISM range (2.400-2.4832 GHz), ensuring reliable
operation across the allocated spectrum as shown in Fig.2.
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Fig. 4. Trimetric view of radiation pattern

The radiation performance is further demonstrated in Fig.
3, which depicts the broadside gain characteristics, and Fig.
4, which presents the three-dimensional trimetric radiation
pattern. The results confirm symmetric and isometric radiation
distribution around the broadside axis, verifying the antenna’s
stable operation within biological environments. These find-
ings establish the proposed DRA as a strong candidate for
bio-telemetry applications in the ISM band.
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