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This paper presents a low-profile tapered slot antenna (TSA) designed for wearable military applications,
offering a compact, lightweight, and flexible solution for tactical communication systems. The antenna oper-
ates over a wide frequency range, ensuring compatibility with various military communication bands. It is
designed using a flexible substrate, enabling seamless integration with wearable gear while maintaining
stable performance under bending conditions. Advanced miniaturization techniques are employed to achieve
a low-profile structure without compromising gain or efficiency. Experimental results confirm stable imped-
ance matching, high gain, and low cross-polarization levels. The designed single element of Vivaldi antennas
has been fabricated. The return loss response and radiation patterns of the constructed antennas and the
Single Element Antenna are measured and compared to simulated findings. The fabricated antenna provides
a return loss of — 23 dB and a gain of 8 dB, which is suitable for wearable military applications. The robust
design withstands harsh environmental conditions, making it ideal for field operations. This work provides
a promising solution for next-generation wearable communication systems
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1. INTRODUCTION

Military applications demand robust, reliable, and
secure communication systems. Wearable antennas in
military contexts must operate effectively in diverse en-
vironments, resist harsh conditions, and ensure mini-
mal detection by adversaries [1, 2].

Integrating low-profile Vivaldi antennas into weara-
ble military gear involves addressing challenges suchx
as maintaining antenna performance despite body load-
ing, ensuring flexibility and durability, and minimizing
the antenna's detectability [3, 4]. Recent advancements
focus on materials science for better flexibility, met-
amaterials for enhanced performance, and integration
with other wearable technologies such as sensors and
power systems [5, 6]. Key challenges include ensuring
antenna performance under various body conditions,
minimizing power consumption, enhancing durability
against environmental factors, and integrating seam-
lessly with existing military gear [7, 8]. Gazit [9] pro-
posed two important changes to the traditional Vivaldi
design. He used a low dielectric substrate (cuclad,
e = 2.45) instead of alumina and an antipodal slotline
transition. The antipodal slotline transition was con-
structed by tapering the microstrip line through parallel
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strip to an asymmetric double sided slot line. This type
of transition offered relatively wider bandwidth which
was restricted by the microstrip to slotline transition of
the traditional design. However, antipodal slotline tran-
sition had the problem of high cross polarization.

Langley et al. [10] improved the antipodal transition of
E. Gazit with a new and balanced structure to improve the
cross-polarization characteristics. This type of structure,
known as balanced antipodal transition, consists of three
layers of tapered slots fed directly by a stripline. E-field dis-
tribution of the antipodal transition is balanced with the
addition of the mentioned layer. The tapered slots on both
sides of the antenna serve as ground planes. The balanced
antipodal transition offered a 18:1 bandwidth with fairly
well cross polarization characteristics. Then, Langley et al.
[10] also constructed a wide bandwidth phased Single Ele-
ment Antenna using this balanced antipodal Vivaldi an-
tenna. He achieved good cross polarization levels as well as
wideband wide-angle scanning.

2. PRINCIPAL OF OPERATION OF VIVALDI
ANTENNA

The Vivaldi antenna belongs to the surface wave
class of traveling wave antennas (the other traveling
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wave antenna type is the leaky wave antenna). In order
to describe principle of operation, the surface wave anten-
nas can be divided into two sections: propagating section
and radiating section. The slot width (separation between
the conductors) is smaller than one-half free space wave-
length (40/2) and the waves traveling down the curved
path along the antenna are tightly bound to the conduc-
tors in the propagating section. The bond becomes pro-
gressively weaker, and the energy gets radiated away
from the antenna coupling to the air in the radiating sec-
tion where the slot width is increasing beyond the one-
half wavelength. The waves are traveling along the an-
tenna surface until the limiting case of phase velocity is
equal to the free space velocity of light (¢ = 3 x 108). The
limiting case intends the antenna with air as dielectric.
Radiation from low dielectric substrates is considerably
high and crucial for the antenna operation.

Feeding approaches can be classified into two types:
directly coupled transitions and electromagnetically
coupled transitions. In directly coupled transitions a
wire or a solder connection can act as the direct current
path providing the electrical contact for this type of tran-
sition. The best known directly coupled transition type
is coaxial line to slotline transition. In Coaxial to Slotline
Transitionof transition, the signals are coupled to the
slotline from the actual antenna feed through a coaxial
line. An open circuited slot and a coaxial line placed per-
pendicular to it form the transition. The electrical con-
nection of the coaxial cable to the ground plane is pro-
vided by the outer conductor on one side of the slot while
the inner conductor of the cable is placed over the slot
forming a semicircular shape [11]. The characteristic im-
pedance of the slotline is too high to get an adequate
matching characteristic with the slotline etched on sin-
gle side of the substrate. A better matching, thereby a
wider bandwidth, is obtained etching the slotline on
both sides of the substrate. However, coaxial feeding is
still unfavorable to implement successfully due to etch-
ing difficulties [12-15]. The coupling of signals to the
slotline is through the electromagnetic fields in Electro-
magnetically Coupled Transitions. Microstrip to
slotline, stripline to slotline, antipodal slotline and bal-
anced antipodal slotline are the best known types of elec-
tromagnetically coupled transitions.

The basic microstrip to slotline transition is con-
structed with microstrip and slotline crossing each other
at a right angle. The microstrip is etched on one side of
the substrate and the slotline on the other side of the
substrate. The microstrip crosses the slotline and ex-
tends one quarter of a wavelength further from the
slotline in the same way as the slotline extending one
quarter wavelength further from the microstrip. The
quarter wavelength microstrip stub is open circuited but
appears as a short circuit at the crossing with
slotline[16-18]. The slotline stub is bonded to the ground
plane and short circuited but obviously it appears as an
open circuit at the crossing. This mechanism makes elec-
tromagnetic coupling between the microstrip and the
slotline possible. Figure 1 shows the basic microstrip to
slotline transition structure.

This kind of transition reduces the operating band-
width considerably. Six-port microstrip to slotline tran-
sition was proposed by Scieck and Kohler [12] to over-
come this problem. However, the transitions of these six
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ports are too difficult to implement. The structure is

shown in Figure 2. below.
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Fig. 1 — Microstrip to slotline transition
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Fig. 2 — Six-port microstrip to slotline transition

3. PROPOSED DESIGN
3.1 Stripline Model

First of all, a model is formed to match the charac-
teristic impedance of the stripline to that of the trans-
mission line (feeding the antenna) and the slotline. The
substrate material (dielectric constant) and thickness as
well as the stripline width determine the characteristic
impedance of the structure. Thus, the model consists of
the antenna substrate and the stripline only since the
whole antenna model will be inessential to find the char-
acteristic impedance of the feeding section. Determining
these parameters, the stripline model shown in Figure 3
is employed.

(@) (b)

Fig. 3 — (a) Stripline model, (b) Stripline model with 80 Q to
50 Q transition

Stripline will be designed to have 50 Q characteristic
impedance both in the slotline transition and the input
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of feeding section as stated earlier in this chapter. char-
acteristic impedance in the feeding as seen in Figure 3.
This method provides a considerable bandwidth in-
crease. However, 50 Q characteristic impedance through
the complete stripline will provide the bandwidth re-
quirement.

Among the substrates with dielectric constant in the
range of 2.2 to 10.2, Rogers RT/duroid™ 5880 has the
minimum tangent loss (tan § = 0.0009) and a dielectric
constant of &» = 2.2. Rogers RT/duroid™ 5880 is chosen
as the substrate material to be used in this work. In this
design, two 0.062" (1.570mm) +0.002" thick boards are
to be used, ie. the substrate thickness is 0.124"
(3.140 mm). An improvement in the performance is ob-
tained using thicker substrates due to a decrease in the
antenna reactance through the whole band. Table 1
gives the calculated and simulated characteristic imped-
ance of the stripline for various stripline width where
3.14 mm thick Rogers RT/duroid™ 5880 dielectric is
used. Simulations are carried out using Ansoft ADS®.

Table 1 — Change in characteristic impedance of the stripline
with stripline width

Wsr (mm) 1.5 2.0 2.5 3.0
Zo (Q) 65.605 57.283 50.27 |44.107
(simulated) ) ) ) )
Zo (Q)
(calculated) 69.28 59.06 51.47 45.60

3.2 Stripline and Slotline Model

In this part, the feeding section of the antenna is
modelled. The model is formed cascading two identical
transitions designed. Thus, both return loss (20logS11)
and reverse gain (insertion loss or 20logS21) of the an-
tenna might be analysed of the mentioned system. The
return loss and reverse gain responses of this model are
expected to be close to the complete antenna perfor-
mance since the stripline model parameters and the pa-
rameters to be specified here mainly determines the re-
turn loss response and the reverse gain of the design.
Figure 4 shows the cascaded transitions model.

slotlines

Fig. 4 — Cascaded identical transitions

3.3 Fabricated Antenna

The single element Vivaldi antennas and the im-
proved Single Element Antenna detailed above are fab-
ricated in Aselsan Inc. using printed circuit board tech-
nology. The fabricated Antenna is shown below Fig. 5.
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(a) (b)

Fig. 5 — (a) Fabricated of single element antenna design. (b)
Simulated of single element antenna design

4. FABRICATED RESULTS

The return loss response of the final Vivaldi antenna
design demonstrates its effective impedance matching
across the operational frequency range. The response ex-
hibits a return loss below — 10 dB across the targeted
frequency bands, indicating minimal reflection and effi-
cient power transfer as shown in Figure 6. Peaks in the
return loss curve highlight the antenna’s strong reso-
nance at specific frequencies. This performance ensures
reliable communication for wearable military applica-
tions. The design also maintains stable impedance char-
acteristics under bending conditions, making it suitable
for wearable use cases.
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Fig. 6 — Return loss response of the final design

Fig. 7— H-plane total radiation pattern and co-polarization and
cross-polarization patterns of final design at 8.5 GHz
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Fig. 8 — H-plane total radiation pattern and co-polarization and
cross-polarization patterns of the final design at 9.5 GHz
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Fig. 9 — H-plane total radiation pattern and co-polarization and
cross-polarization patterns of final design at 10.5 GHz

The H-plane radiation pattern of the final Vivaldi an-
tenna design at 8.5 GHz, 9.5 GHz and 10.5 GHz respec-
tively are shown in Figures 6 to 8, which exhibits a stable
directional radiation characteristic, suitable for wearable
tactical applications. The co-polarization pattern demon-
strates strong radiated power in the desired direction, en-
suring efficient signal transmission. In contrast, the
cross-polarization levels remain significantly lower, indi-
cating minimal polarization losses and high purity of the
transmitted signal. This balance between co-polarization
and cross-polarization confirms the antenna’s capability
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¥V wmi#t crarTi mpejcTaBIeHa HU3bKOMpodiabHa KoHIuHA miymHHa auTeHa (T'SA), poapobiiena mis mopra-
TUBHOI'0 BUKOPUCTAHHSA, KA IIPOIIOHYE KOMIIAKTHE, JIETKE T4 THYUKe PIIIeHHS [[JI TAKTUYHUAX CUCTEM 3B'S3KY.
AHTeHa mpalrioe B MIMPOKOMY I1alla30H] 4acroT, 3a0e3Meuyoun CYMICHICTh 3 PISHUMH 11alla30HaAMU 3B'A3KY.
Boma pospobiiena 3 BUKOPUCTAHHAM THYYKOI ITIKJIAIKH, 110 TO3BOJIsIE OE3IIOBHY 1HTErpaIliio 3 HOCUMUM 00-
JIagHaHHSAM, 30epiranun cTabliabHy poboTy B yMOBax BUTHHY. JIJIst JoCArHEHHST HU3BKOIIPO(MI1IBHOI CTPYKTYPH
6e3 1mrkoam [T KoedilfieHTa IOCUIeHHS a00 e()eKTHBHOCTI BUKOPHUCTOBYIOTHCS IIEPE/I0BI METOIM MIHIATIOPH-
3arii. ExcriepumeHTaIbHI pe3ysIbTaTi MATBEPHEYIOTH CTA0LIbHE Y3TOIMKeHHS IMITeIaHCY, BUCOKAHI KOoediIri-
€HT IOCHJICHHSA Ta HU3bKUM PiBeHb KPOC-IIOJApHU3allii. BumipaHi XapakTeprCTUKNA BTPAT HA BIOOUTTS Ta mia-
rpaM¥ CIPSIMOBAHOCTI ITOOYIOBAHUX AHTEH Ta OHOEJIeMEHTHOI AHTEHH, SIKI OPIBHIOIOTHCA 3 Pe3yIbTATaMU
MogeJII0BaHHsA. BurorossieHna anTeHa 3abesledye BTpaTu Ha BimouTTa —23 ab Ta xoediient nmocunesnns 8 nb.

Knrouosi ciiosa: Beaaporosutii 38'sa30k, [leperocHi mpucrpoi, Aarena tumny Bisanbai, KCXH, Taxruuna anresa.
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