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ABSTRACT: This paper presents a compact dual-port ultra-wideband (UWB) implantable antenna designed for
biomedical telemetry and wireless body area network (WBAN) applications. The proposed antenna is realized on an
FR4 substrate with a relative permittivity of & = 4.4 and occupies a compact volume of 13.75 x 17.25 x 1.6 mm3. A
seamless circular geometric pattern is introduced on the radiating patch to enhance impedance bandwidth, current
distribution, and radiation efficiency while maintaining compactness. The dual-port configuration supports
simultaneous transmission and reception with high isolation. The antenna performance is evaluated under two different
biological conditions, namely with and without a fat-equivalent substrate. Simulation results demonstrate good
impedance matching, strong port isolation, acceptable voltage standing wave ratio (VSWR), and stable operation in
lossy tissue environments, confirming the suitability of the proposed antenna for implantable biomedical
communication systems.
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I. INTRODUCTION

Implantable medical devices have gained significant attention due to their ability to enable continuous health
monitoring, diagnosis, and therapeutic applications. Wireless communication is a key requirement for such devices,
necessitating the development of compact, efficient, and biocompatible antennas. Ultra-wideband (UWB) technology is
particularly attractive for biomedical applications because of its low power consumption, high data rates, and reduced
interference. However, antenna design for implantable environments is challenging due to strict size constraints, high
tissue losses, and detuning effects caused by surrounding biological tissues. To address these challenges, this paper
proposes a compact dual-port tri-band UWB implantable antenna with a seamless circular geometric pattern to improve
bandwidth and radiation performance.

Il. ANTENNA DESIGN AND CONFIGURATION

The proposed antenna is designed as a dual-port microstrip patch antenna fabricated on an FR4 epoxy substrate with a
thickness of 1.6 mm and a dielectric constant of 4.4. The overall antenna dimensions are 13.75 mm x 17.25 mm,
making it suitable for integration within implantable medical devices is shown in the figure 1. A seamless circular—
geometric tiling pattern is etched on the radiating patch to achieve uniform current distribution and multi-resonant
behavior. This pattern is periodic in nature, ensuring smooth edge continuity and reduced surface wave losses. The
dual-port feeding structure enables independent excitation of the antenna ports, thereby supporting simultaneous
transmission and reception with improved isolation.
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Figure 1: Proposed UWB implantable antenna
1. MATHEMATICAL MODELING OF SEAMLESS GEOMETRIC PATTERN

The seamless circular—geometric tiling pattern employed in the antenna design is based on periodic mathematical
functions that repeat smoothly along both horizontal and vertical directions. Such patterns can be described using
trigonometric functions with defined spatial periods, ensuring continuity at the boundaries. By incorporating circular
and radial symmetry, the proposed pattern facilitates enhanced electromagnetic coupling and stable resonant
characteristics. This approach contributes to tri-band operation and improved impedance bandwidth without increasing
the antenna size.

Step 1: Seamless Cartesian Periodicity
A simple seamless base pattern along the Cartesian axes is defined as:
. 2nu . 2nv
f(u,v) =sin (T) + sin (7) €y
This equation ensures periodicity and seamless repetition along the u and v directions. However, it produces linear
wave patterns and lacks circular symmetry.

Step 2: Transformation to Circular / Radial Geometry
To introduce radial symmetry, the Cartesian coordinates are transformed into a radial distance:

p =VuZ+v? )

Substituting this into a trigonometric function yields the circular seamless pattern can be written as:
u 2 v 2

f(u,v) = cos <27T (;) + (E) ) (3)

Equation (3) produces concentric circular waveforms, ensuring seamless tiling while improving symmetry and current
distribution.

Step 3: Introduction of Angular Modulation
To generate complex geometric tiling such as mandala- or flower-like structures, angular dependency is introduced
using polar coordinates:

6 =tan™! (5) 4)
The angular modulation term is defined as:
sin(k. atan2(v,u)) (5)
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where k controls the number of rotational symmetries. Combining radial and angular components gives:
. 27
f(u,v) =sin(k.atan2(v, u)).cos (TVuZ + vz) (6)

This equation produces intricate rotationally symmetric geometric patterns.

Step 4: Final Seamless Circular-Geometric Tiling Function

Replacing the sine angular term with a cosine function for smoother symmetry and expressing the angular dependency
explicitly yields of a seamless circular—geometric tiling function with rotational symmetry can be expressed as:

f(u,v) =sin (ZTH\/uZ + vz) .COS (k tan~! (5)) @)

Where

u, v : Cartesian coordinates on the radiating patch

r : Radial repetition period (controls circular tiling density)

k : Number of rotational symmetries (controls floral / mandala structure)

vu? + v2: Radial distance from the patch center

tan™? (5) Angular component ensuring circular symmetry

IV. RESULTS AND DISCUSSION

The result was taken with two different condition. Figure 2(a) and 2(b) represent the proposed antenna with and without
fat for analyzing their performance.

2 (a) 2 (b)
Figure 2(a): Antenna without fat material, 2(b): Antenna with fat material

Without the fat-equivalent substrate, the antenna exhibits a return loss of —1.76 dB at 5.88 GHz for S12 & S21 and
—10.78 dB for S22, while achieving strong port isolation of —23.92 dB for S11. The corresponding VSWR values
confirm good impedance matching of 1.1 dB. In the absence of the fat substrate, the antenna achieves a return loss of
—23.92 dB at 5.88 GHz with acceptable VSWR characteristics. With the fat-equivalent substrate, the antenna exhibits a
return loss of —12.31 dB at 5.23 GHz for S22 and —21.82 dB for S11, while achieving strong port isolation of —56.49
dB for S12 & S21. The corresponding VSWR values confirm good impedance matching of 1.41 dB. In the presence of
the fat substrate, the antenna achieves a return loss of —56.49 dB at 5.72 GHz with acceptable VSWR characteristics.
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Figure 3 (a): Return loss of antenna without fat, 3 (b): Return loss of antenna with fat
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Figure 4 (a): VSWR of antenna without fat, 4 (b): VSWR of antenna with fat
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Table 1: Performance analysis of return loss of proposed antenna with and without fat

Without Fat With Fat
S Parameter Return Loss Frequency Return Loss Frequency
(dB) (GHz) (dB) (GHz)
S11 -23.92 5.88 -21.82 5.23
S12 & S21 -1.76 5.88 -56.49 5.72
S22 -10.78 5.88 -12.31 5.23

Table 2: Performance analysis of VSWR of propos

ed antenna with and without fat

Without Fat With Fat
VSWR Frequency Frequency
Value (dB) (GHz) Value (dB) (GHz)
S11 1.1 5.88 1.41 5.23
S22 5.88 5.88 4.29 5.23

These results demonstrate that the proposed design provides efficient tri-band operation, strong isolation, and stable
radiation behavior under varying tissue conditions.

V. CONCLUSION

A compact dual-port tri-band UWB implantable antenna employing a seamless circular geometric pattern has been
presented. The proposed design achieves good impedance matching, high port isolation, and stable performance in both
fat and non-fat tissue environments. The incorporation of the geometric pattern enhances bandwidth and radiation
efficiency while maintaining a compact form factor. The obtained results confirm that the antenna is well suited for
biomedical telemetry and WBAN applications, making it a promising candidate for next-generation implantable
medical devices.
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