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Abstract

This article proposes the design and performance comparison
between wideband Vivaldi antenna and a dual-band log-periodic
antenna for cancer detection with novel arrangements of
photonic crystals, metasurfaces, and grating reflectors. In the
Vivaldi structure, the photonic crystal walls are implemented on
both sides of the antenna to provide an electrical shield to focus
energy for gain enhancement and antenna directivity as well as
sidelobe reduction. The front-to-back ratio is another issue for
this antenna where toothed elements are used as reflectors to
reduce the antenna's backlobe. This antenna covers the
frequency range of 0.5-2 THz with a maximum gain of 8.8 dBi.
The proposed antenna is used for breast and skin cancer
detection modeled by a Debye 2nd order model. In the second
structure, a log-periodic toothed antenna is used as the radiator
along with photonic crystals and metasurfaces to improve
antenna directivity and reduce the F/B ratio. In this structure,
the metasurface is designed as a fractal disk to also exhibit dual-
band characteristics. The maximum antenna gain is increased to
11.5 dBi with near 90% efficiency. Reflection and transmission
values, pulse response, and phase change of healthy and

cancerous tissues are used for cancer detection.

Keywords: Antenna, Photonic crystals, Grating reflector, Cancer spectroscopy, Terahertz, Metasurfaces
terms.

Highlights
Combining photonic crystals and metasurface structure to use logarithmic periodic antenna structure.
Introducing a novel configuration of Vivaldi antennas using periodic structures, aiming to reduce sidelobes,

and enhance directivity.

Presenting a cancer tissue detection model using antenna output to design a data processing system.
Employing directive antennas, metasurfaces, and shielding to generate a directional antenna pattern and

detect cancerous tissue.
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1. Introduction

Microstrip antennas are widely recognized for their advantages, including their low profile, low cost, ease of
fabrication, and compatibility with matching circuits [1]. Recently, this type of antenna has gained significant
attention for applications in the terahertz (THz) frequency range [2]. The THz frequency range, situated between
microwave and infrared frequencies, spans from 0.1 to 10 THz [3]. This range is particularly promising for THz
imaging in medical applications, such as the early detection of cancer cells. The non-ionizing nature and low
phonon energy of THz waves make them safe for human tissue, as they do not produce harmful effects on the
human body [4].

Gain is a critical factor in the design of antennas for THz technology. To address this, various techniques have
been proposed, including metamaterial near-zero structures [5], lenses [6], and periodic structures for High Input
Resistance (HIR) [7]. In the context of THz systems for cancer diagnosis, the design of a directional antenna is a
crucial component. THz antennas can be utilized for medical sensing and cancer detection by leveraging the
frequency shift differences between cancerous and normal tissues, which serve as a key indicator for cancer
detection [8]. For instance, patch antennas integrated with metamaterials have been developed for breast cancer
detection by analyzing pulse response differences [9].

2. Innovation and contributions

= Integration of Photonic Crystals and Metasurfaces: A novel resonator structure is created by combining
photonic crystals with metasurfaces, transforming the toothed log-periodic antenna into a high-
performance resonator. This structure is utilized as a probe for enhanced functionality.

= Advanced Vivaldi Antenna Design: A new Vivaldi antenna structure is proposed, incorporating photonic
crystals and toothed reflectors to achieve effective shielding, reduced sidelobes, and improved directivity.

= Cancer Detection Model: A model is introduced to differentiate cancerous tissue from healthy tissue
using antenna output data, enabling the design of a data processing system for cancer diagnosis.

3. Materials and Methods
The antenna structures were simulated using CST Microwave Studio software, employing the time-domain
method for analysis.

4. Results and Discussion
Several parameters were utilized to distinguish between cancerous and healthy tissues:
= S21 Parameter: The transmission coefficient (S21) is illustrated in Figure (a).
= Phase Response: The phase delay, depicted in Figure (b), serves as a diagnostic factor for identifying
cancerous versus healthy tissue.
= Pulse Response: The transmission pulse response, shown in Figure (c), reveals distinct time delays and
magnitude changes between healthy and cancerous tissues, providing a clear basis for detection.

5. Conclusion

In the first part of this study, a Vivaldi antenna was designed to operate within the frequency range of 0.5 to 2
THz. By incorporating photonic crystal structures around the antenna, significant improvements in bandwidth and
gain were achieved. In the second part, a microstrip toothed log-periodic antenna was designed, utilizing photonic
crystals and a metasurface to achieve a structure with enhanced bandwidth, quality factor, and a directional
radiation pattern.
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Table 1. The skin tissue modeling factors in the THz spectrum

2[Ps] n[Ps] € €s €0 Skin
1 7 5 25 34 Normal Tissue
1 10 6.2 40 4.2 Cancerous Tissue
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Table 2. The breast tissue modeling factors in the THz spectrum

T2[Ps] w[Ps] & &s £, Breast
0.07 10.3 3.9 76.5 2.1 Normal Tissue
0.08 9.1 4.3 77.9 25 Cancerous Tissue
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Figure 3. (a) The practical system for examining the skin cancer tissue [31], (b) The placement of the tissue sample between two antennas
(this image is not in real scale).
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Figure 4. The antenna reflection and transmission for cancer and normal tissue for (a) Breast healthy and cancer, (b) Skin healthy and cancer
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Figure 5. The pulse response of (a) the breast tissue for healthy and cancer, (b) the skin tissue for healthy and cancer [32].
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Figure 6. The antenna phase response for cancer and normal tissue, Phase of (a) reflection (S1;) for breast tissue, (b) transmission (S;;) for
breast tissue, (c) reflection (Sy1) for skin tissue, (d) transmission (S,;) for skin tissue [32].
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Table 3. The proposed antenna elements dimensions.

Element Size (um)
hy 25
h2 75
hs 10
L 200
g 10
d 30
do 80
ds 10

d, 40
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Figure 7. The geometry of the proposed antenna (a) The 3D view of the antenna and the log-periodic radiator (b) The photonic crystal layer
(c) The metasurface layer
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Figure 8. The return loss of the antenna (Sy;) for the three different distance of metasurface
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Figure 10. The return loss of the antenna (S1;) for the three different heights of the photonic crystal in the spacer layer
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Table 4. comparison this work with previous research for the type, operation frequency, bandwidth and gain

Ref. Antenna Type Frequency (Terahertz) Bandeidth (%) Gain (dBi)
Designed Structure log-periodic 1.24,1.55 6.5 115
[26] Yagi 0.48 20 4.03
[16] Patch 1 2 11.1
[8] Patch 1.14 8.2 356
2] Patch 1.02, 1.47 2 25
[23] Slot 04,06 56 2.1

(3] Patch 06 2 73
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Figure 11. the radiation pattern of the antenna for various height of photonic crystal in the spacer layer (a) for 1.2 ¢ THz with height of
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Figure 12. Placement of sample between two antenna for cancer detection, (a) A homogenous tissue, (b) Tissue with some cancer section
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Figure 13. The response of the antenna for cancer and healthy tissue, (a) The transmission (Sz1), (b) The phase of transmission, (c) The

pulse response of the transmission
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