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This research presents an innovative dual-band microstrip patch antenna featuring a rectangular slot, me-
ticulously crafted through the utilization of the Wave Concept Iterative Procedure (WCIP) specifically tailored
for terahertz frequency applications. The antenna is distinguished by its resonance frequencies observed at
19.1 THz and 28.35 THz, each exhibiting considerable bandwidths of 2.15 THz and 2.10 THz, respectively. The
application of WCIP has enabled the precise characterization of current distribution patterns and electric field
intensities, resulting in the optimization of key parameters such as impedance, admittance, Voltage Standing
Wave Ratio (VSWR), and return loss profiles. Consequently, the finalized antenna design not only meets the
rigorous demands imposed by terahertz communication systems but also capitalizes on the inherent compact
nature of the microstrip patch configuration to deliver expanded bandwidth capabilities and robust dual-band
functionality. These inherent characteristics collectively establish the proposed antenna as a strategically ad-
vantageous solution for the progression of high-frequency communication technologies.
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1. INTRODUCTION

Terahertz (THz) technology, bridging microwaves and
infrared, presents prospects for advancements in various
fields including rapid communication and non-invasive
imaging [1]. Overcoming design challenges, particularly
in effective antenna creation, remains critical for THz
technology utilization. Microstrip patch antennas are tra-
ditionally favored for their compact, cost-effective design
but face performance limitations at THz frequencies due
to narrow bandwidth and reduced efficiency [2]. Our re-
search addresses these challenges by introducing a novel
antenna design to enhance THz spectrum performance,
thus advancing communication and imaging technologies
[3]. We consolidate advancements in antenna design, fo-
cusing on structural innovations and the application of
advanced numerical methods suitable for THz frequen-
cies. The utilization of fractal geometries and materials
like graphene has led to significant enhancements in an-
tenna bandwidth and size [4, 5]. The development of dual-
polarized graphene-based antennas marks progress in ef-
ficiency and THz frequency bandwidth [6]. The Wave
Concept Iterative Procedure (WCIP) emerges as a benefi-
cial numerical tool, offering computational efficiency for
designing flexible THz antennas [7, 8].

This paper highlights the optimization of a dual-band
THz microstrip patch antenna employing WCIP for its
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computational advantages in managing complex THz an-
tenna structures [9]. Our findings contribute a dual-band
antenna optimized for 12-35 THz, demonstrating an im-
provement in bandwidth for THz antennas [10]. The ap-
plication of WCIP in this design emphasizes its robustness
and potential influence on THz applications ranging from
high-speed data transmission to advanced sensing [11].
The paper's structure includes a literature review, an
in-depth explanation of the WCIP methodology, and its
application to our proposed design. We then present the
antenna design process, simulation results, and a com-
parative study with existing antenna solutions. The im-
plications of these results for future THz applications are
discussed, and the paper concludes with a summary of the
research and considerations for future studies [12].

2. 'WCIP FORMULATION AND ANTENNA DESIGN
2.1 Antenna Design

The antenna design incorporates a substrate with a
height of 5 um, utilizing Roger/Duroid material which
has a permittivity of 10.2, providing a stable and efficient
platform for THz frequency operation.

Table 1 outlines the specific dimensions for the pro-
posed antenna's design parameters, with each measure-
ment provided in micrometers (um).
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Fig. 1 - 3D representation of the proposed patch antenna
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Fig. 2 - 2D representation of the proposed antenna with dimen-
sion parameters

Table 1 — Design specifications for the proposed antenna's di-
mensions.

Parameter | Value (um) Parameter | Value (um)
L, 47.9 X3 14.8
W, 37.6 X, 7.9
L, 21.9 V1 2.6
W, 31.7 Vs 2.6
X 7.9 L 21.9
X, 14.8 A 15.8

2.2 WCIP Formulation

The Wave Concept Iterative Procedure (WCIP), at its
core, elegantly transforms antenna problems into interac-
tions between transverse electromagnetic waves, charac-
terized by their electric (E) and magnetic (H) fields. This
interaction is defined through the innovative linkage of in-
cident and reflected waves within any given medium by:

A= Z‘/;Z?[El + Zoi(Hi x ny)] 1
B = z\/;zj [Ei — Zoi(H; x 1) 2)

where A;and B; denote the incident and reflected
wave vectors, respectively, and Zy; is the medium's char-
acteristic impedance. The innovation of WCIP emerges
in simplifying the surface current density (Ti) as:
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Ji = Hyxn 3

This adjustment of the initial formulas enables the
representation of the electric field and current density
using the incident and reflected wave components:

E = \/Z_Oi[_A)i + §i] 4)
Ji = ﬁ[xi - B (6))

The WCIP stipulates that the current density must
vanish at the interface between different media for the
continuity of the electric field, leading to equal electric
fields across the interface:

Ttot = Tl + Tz (6)
El = EZ (7)

For a perfect conductor, the electric field ceases
E, = EZ = 6), while in a dielectric, the electric fields
equate (El = ﬁz = E), with a nullified total current den-
sity (b +J2 = Jror)-

The WCIP framework provides a streamlined ap-
proach to governing the interactions of electromagnetic
waves, thereby establishing itself as an essential instru-
ment for innovating high-frequency antenna design.

The discretization process for the antenna, as de-
picted in Fig. 1, employs the Wave Concept Iterative Pro-
cedure (WCIP) method, with a defined grid resolution of
64 pixels in the Y direction and 32 pixels in the X direc-
tion, enabling precise electromagnetic analysis.
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Fig. 3 — Discretization of patch antenna using WCIP method

3. RESULTS AND DISCUSSIONS

The simulated return loss (Si1) parameter demon-
strates two distinct resonance frequencies within the te-
rahertz band, with deep notches surpassing — 20 dB at
2.15 THz and 2.10 THz. These findings confirm the dual-
band capability of the antenna, designed to operate at the
specified terahertz frequencies. The bandwidth, measured
at — 10 dB, indicates the range of frequencies over which
the antenna maintains efficient radiation, aligning with
the desired application spectrum.

VSWR values were well within the optimal range of
2:1 at the resonance frequencies, indicating an excel-
lent impedance match. This suggests minimal signal re-
flection and maximal energy transfer from the trans-
mission line to the antenna, a critical factor for efficient
terahertz communication systems.
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anisotropy resulting from the rectangular slot incorpora-
tion. The field concentration around the slot edges without
significant spillover suggests the design's success in local-
izing the field to enhance bandwidth and gain.

Fig. 4 — Simulated return loss of the terahertz microstrip patch

antenna
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Fig. 8 — Distribution of the electric field's X-component in the
| proposed terahertz antenna
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Fig. 5 — Voltage standing wave ratio (VSWR) of the proposed
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Fig. 9 — Distribution of the electric field's Y-component in the
proposed terahertz antenna
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Fig. 6 — Variation of real and imaginary parts of admittance
with frequency for the proposed antenna
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reveal a uniform distribution across the antenna's surface,
with enhanced intensities around the slot edges. This uni-
formity is indicative of a stable and consistent radiation pat-
tern, which is crucial for reliable terahertz communications.
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Fig. 10 — X-component current distribution in the proposed THz

Fig. 7—Impedance real and imaginary parts of the proposed antenna antenna

The impedance analysis reveals that the real part of
the antenna's impedance closely approaches the 50 Ohm
mark at resonance frequencies, with the imaginary part
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Fig. 11 — Y-component current distribution in the proposed THz
antenna
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Po3poOka neogiana3soHHOI MiKpOCMY KKOBOI IIATY-AHTEHHU 3 IPAMOKYTHUM OTBOPOM IJI
IporpaMu HacTyIrHOro nokoinug 12-35 TT'g
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IIpencraBiieHo iIHHOBAIIITHY ABOMIAIA30HHY MiKPOCMYKKOBY aHTEHY 3 IIPSIMOKYTHUM OTBOPOM, PETEJILHO
PO3po0bJIeHy 3a JOIIOMOTOK iTepaTUBHOI mporenypu xBuiaboBoi kKoHienirii (WCIP), cnemiansao po3podiaeHy
VI IOJATKIB Ha TepareplieBUX 4acToTax. AHTeHa BiIpi3HAeThCS pe3oHaHcHuMH yacroramu 19,11 28,35 TT',
KOMKHA 3 SKHX JEeMOHCTPYe 3HAUHy cMyTy mpoiryckanaa 2,15 1 2,10 TT' Bigmosigmo. 3acrocysamus WCIP
YMOKJIMBUJIIO TOYHY XaPAKTEPUCTUKY CTPYKTYP POSIOIILY CTPYMY Ta HAIIPYKEHOCTI €JIEKTPUYHOTO II0JISI, 110
IPU3BEJIO 10 ONTUMI3aIlii KJIIOYOBHX IIAPAMETPIB, TAKUX AK IMIIeJaHC, IIPOBIAHICTD, KOeIIlieHT CTOAIO0T XBUJIL
manpyru (VSWR) i1 nmpodisii sBoporaux BrpaT. OTiRe, 3aBepIiieHa KOHCTPYKITA AHTeHU He TLIBKH BIAMOBimae
CYBOPHM BHIMOTaM, II[0 BHCYBAIOTHCS CUCTEMAMH 3B’S3KY T€parepiioBoro JiamnasoHy, ajie TAK0K BUKOPHUCTOBYE
BJIACTHMBHUI KOMIIAKTHUHN XapaKTep MiKPOCMY:KKOBOI KOH(Iryparrii, 11106 3a0e3neYuTH pO3IMUPEH] MOKIIMBOCTI
IPOILYCKHOI 3JATHOCTI Ta HAMIMHY JBOJIaNa30HHY (QYHKI[IOHAIBHICTE. JlaHI XapaKTepUCTHKY B CYyKYITHOCTI
BCTAHOBJIIOIOTH 3AIIPOIIOHOBAHY AHTEeHY K e()eKTUBHE PIIIeHHS IS POSBUTKY BUCOKOYACTOTHHUX TEXHOJIOTIN

3B’SI3KY.

Kmiouori ciosa: Koucerpykinisa nsomiamasoHHol aHTeHM, ITeparfiiHa IIpolieypa XBUJIBOBOI KOHIIEIIII,

Cucremu 38’3y T, Mikpocmyrosi naty-anteHu.
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