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Abstract — This paper presents a wideband printed
antipodal Vivaldi antenna using straight slots for UHF
DVB-T/T2 applications covering a frequency range of
470-862 MHz. The proposed antenna consists of two
radiation flares with straight slots and a feeding line.
A wideband impedance matching was achieved by
inserting the slots between the flares and the feeding
line. For the experimental verification of the proposed
antenna, it was fabricated on a flat circular printed cir-
cuit board (PCB) substrate with a radius of 0.25 Ay,
where A is the wavelength at 0.74 GHz (the center fre-
quency of the operating band). The measured —10 dB
impedance bandwidth and maximum gain were approx-
imately 72.1% (0.47-1.00 GHz) and 2.57 dBi, respec-
tively. Due to the addition of the slots, the impedance
bandwidth of the proposed antenna was improved by
approximately 212% compared with the Vivaldi antenna
without slots.

Index Terms — antipodal Vivaldi antenna, DVB-T/T2,
straight slots, UHF applications, wideband.

L. INTRODUCTION

With the recent advances in internet-of-things tech-
nology, stable wireless communication between vari-
ous devices has become crucial, with high-performance
antennas required. A Vivaldi antenna meets the needs
of many wireless devices since it exhibits a wide band-
width, high gain, stable radiation patterns, and low radi-
ation losses. In addition, it is a so-called tapered slot
antenna fed into a tapered balanced slot line with a
high input impedance (approximately 300 ). To match
the high input impedance of the slot line with the 50
o feed line, a balun capable of converting the input
impedance of the antenna is required. To this end, copla-
nar and antipodal feeding methods are mainly adopted
for Vivaldi antennas [1]]. Here, the coplanar Vivaldi
antenna (CVA) adopts the balun feed using a microstrip
line and a slot, ensuring that the CVA achieves a high
gain and symmetrical radiation patterns [2]]. However,
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due to the exponential tapered radiation unit, the cross-
polarization of the CVA is large, the return loss is
reduced, and the beam width is narrow. In addition, the
CVA has weak competitiveness about miniaturization
because the slot line including the balun, is built on one
side of the PCB. To overcome these disadvantages, Gazit
[3] devised an antipodal Vivaldi antenna (AVA) where
the radiation plates, including the tapered balun feed, are
fabricated on both sides of PCB, meaning that the AVA
is smaller than the CVA. Furthermore, an AVA can be
used in systems sensitive to polarization due to the small
cross-polarization, while an AVA has better characteris-
tics than a tapered balun CVA since the tapered ground is
laid along the microstrip feed line in the former, meaning
that the antenna can perform impedance matching with a
broader bandwidth [4]].

Parasitic patches [SH7]] or metamaterials [8H11]] are
often placed between the flares to improve the direc-
tivity of the AVA [12]]. Using these characteristics, an
AVA can be used for various applications, including
ultra- wideband (UWB), radar, Ka-band, and 5G device
applications [[13[], while the antenna has also recently
been developed for applications such as vehicle to every-
thing (V2X) communication and energy harvesting [14-
15]. Meanwhile, the adoption of AVAs for medical
applications has been described in various recent stud-
ies [16H17]], with the addition of notches inside and
outside of the antenna radiation arms in [17] result-
ing in miniaturization and constant gain. A previous
study [18] studied frequency reconfigurable antennas
that construct switching circuits with pin diodes at ring-
shaped slots between the Vivaldi antenna arms. Recently,
AVA using meander line-shaped slots and frequency
selective surface (FSS) to enhance the gain and the
impedance bandwidth was researched for [oT/WLAN
applications [19].

Meanwhile, researchers have turned their attention
to investing in a balanced AVA (BAVA), which is essen-
tially an AVA developed to suit the UWB environment.
However, while the BAVA has a wider impedance band-
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width than the AVA, it involves the disadvantages of
having a complex design and being expensive. While
many advances concerning Vivaldi antennas have been
made through AVA research, bulky structures remain
inevitable due to the nature of the Vivaldi antenna
itself. As such, various studies have been conducted
about the miniaturization of AVAs. Here lowering the
operating frequency by increasing the electrical length
of the antenna is a typical method for miniaturizing
the antenna, while the most commonly used approach
involves adopting a corrugate structure for the AVA [24-
25]], which can effectively increase the electrical length
of the antenna [20H23]], with the tapered structure allow-
ing for reducing the overall size while maintaining or
improving the basic characteristics (e.g., radiation pat-
terns and gains) of the antenna. In a previous study,
miniaturization using imaginary effects has also recently
been researched [26]], while the antenna’s characteristics
can be improved through using slots in a planar AVA.
Here, antenna miniaturization can be implemented to
improve the electrical length by applying various-shaped
slots to the feeding and radiating parts of the AVA or the
space between them [27H29].

Meanwhile, various studies on antennas for ultra-
high frequency (UHF) digital television (DTV) bands
have been conducted. In [30], DTV transmitting anten-
nas that achieved a low voltage standing wave ratio
(SWR) in the DTV broadcasting system using stepped
complex impedance transformers and a broadband
matching network were devised, whereas in [31], an
antenna for Korea’s UHD TV frequency range (470—
771 MHz) was investigated. This antenna implements
various dipoles and patches on the transparent sheets
with optical transparency of >70%. However, while the
antenna is compact and inconspicuous, it has a bulky
ground size.

With all this in mind, in this paper, we propose
a miniaturized wideband AVA with a straight slot that
meets the digital video broadcasting-terrestrial/version-
2 (DVB-T/T2) band range (470-862 MHz) [32], a TV
frequency band mainly used in Europe and Asia.

II. PROPOSED ANTIPODAL VIVALDI
ANTENNA CONFIGURATION
In general, the width (W) of the Vivaldi antenna for
effective radiation can be described as follows:

c 1

W_le.S\/E—H’ M
where ¢ is the velocity of light in free space, fi is
a lower frequency, and €, is a relative permittivity of
the substrate [33]]. According to (]D, when the width of
the antenna decreases, the f; increases, and the band-
width decreases. However, by adding straight slots to the
feeding portion of the Vivaldi antenna, miniaturization
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Table 1: Geometric design parameters of the proposed
antenna (unit: mm)

L W, R L W,
168.1 136.5 100 195 | 852
Wy Ly L, W, H
22 45 20 5 67

and bandwidth improvement can be achieved. This is
the most effective and simple-to-manufacture slot tech-
nology for maintaining the f7 even if the width of the
antenna is reduced. In addition, the proposed antenna
was designed with a round-shaped plate of the radiation
portion to reduce the side lobe.

The structure of the proposed AVA is shown in
Fig. [1] (a). The substrate presents a circular shape and
has a radius of R=100 mm. The optimal parameters of
the proposed antenna are shown in Table[I] The proposed
antenna is fed by a tapered balun to ensure stable signal
input. Meanwhile, Figs. [2] (a) and [2] (b) show the equiv-
alent circuit of the proposed antenna with and without
straight slots. As shown in Fig. [2] (a), the AVA can be
modeled according to the transmission line with antenna
impedance (Z4y7) whereas as shown in Fig. |Z| (b), the
straight slots can be equivalent to a series of short stubs
for broad impedance matching.

Meanwhile, using a commercial full-wave electro-
magnetic tool (CST Microwave Studio 2021), the opti-
mal parameter value was found by observing the change
in input impedance according to the length, width, and
position of the slot. Figure [3] shows the simulated input
impedance variations of the proposed antenna on a Smith
chart with respect to different widths (W), lengths (L;)
and positions (H). The impedance chart in Fig. |E| (a)
shows when there are no slots (P}), the input impedance
has capacitive reactance, whereas after adding the slots
(P»), the inductive reactance increases, resulting in the

Bottom Layer Top Layer

Straight Slots ¥~
N

i
"~ $MA Connector

(a) (b)

Tapered Ground

Fig. 1. Proposed antipodal Vivaldi antenna with
straight slots: (a) all geometry dimensions with design
parameters and (b) a fabricated antenna prototype.
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Fig. 2. Equivalent circuit of the proposed antenna (a)
without and (b) with straight slots.

total input impedance being a real value. Numerically,
the input impedance of the antenna without the slots
was 64.62—j39.79 @ (Pp) at 0.67 GHz, whereas after
the addition of the slots, this became 61.75-0.09 w
(P3). As a result, the impedance trajectory was con-
tained within the SWR 2:1 circle, which improved the
impedance bandwidth. As Figs. 3] (b) and 3] (c) show, the
input reactance increased significantly compared with
the input resistance as the L; and W increased, whereas
as Fig. E| (d) shows, the resistance increased when the
slot position was closer to the feeding line.

Meanwhile, as shown in Figs. ] (a) and [ (b), input
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Fig. 3. Simulated input impedance variations on Smith
chart: (a) with and without the slots, (b) with respect to
various lengths of the slots, (c) with respect to various
widths of the slots, and (d) with respect to various posi-
tions of the slots.
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Fig. 4. Real and imaginary parts of the simulated input
impedance via the straight slots on the proposed antenna:
(a) according to different lengths (L) and (b) different
widths (Wj).

Fig. 5. Simulated surface current and E-field distribu-
tions ((a)—(d) and (e)—(f)) of the proposed antenna with
respect to the different phases at 670 MHz: (a) and (e) 0°,
(b) and (f) 90°, (c) and (g) 180°, and (d) and (h) 270°.

impedance variations depending on the size of the slots
were clearly observed. As Fig.[d](a) shows, the resistance
remained almost constant as the L, increased,but the
reactance increased significantly. Similarly, as shown in
Fig. [ (b), an increase in Wj resulted in a relatively con-
stant resistance but an increase in reactance. The large
slot size increased the inductive reactance of the short
serial stub, which verified the equivalent circuit shown in
Fig. 2] (b). Meanwhile, the parameter studies allowed us
to achieve the impedance bandwidth optimization of the
antenna by adjusting the length, width, and position of
the slots such that the proposed antenna achieved a wide
impedance bandwidth. Here, the frequency band with a
reactance close to zero was the widest when the slot size
(Ls=20 mm and W =5 mm). As a result, The proposed
antenna was optimized when the slot size and positions
were as follows: L;=20 mm, W;=5 mm, and H=67 mm.

Figure[5)shows the simulated surface current and E-
field distributions of the proposed antenna for the differ-
ent phases (0°, 90°, 180°, and 270°) at 670 MHz.

IT1. RESULTS AND DISCUSSIONS
An image of the prototype of the proposed antenna
is shown in Fig. [I] (b), with the proposed antenna fab-
ricated on a 1.2 mm thick FR-4 substrate with a rel-
ative permittivity (g,) of 4.3 and a loss tangent (tan
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8) of 0.025. The reference antenna and the proposed
antenna were measured in the environment depicted
in Fig. [ The measuring setup for radiation perfor-
mances utilizing a horn antenna in the anechoic cham-
ber room is shown in Fig. |§| (a). A vector network ana-
lyzer was used to measure the reflection coefficient,
as shown in Fig.[6](b). Figure [7] present the simulated
and measured results for the reference antenna without
slots and the proposed antenna with straight slots. Here,
Fig. m (a) shows the reflection coefficients to the fre-
quency. The addition of the proposed slots made it possi-
ble to match the impedance of the antenna. The measured
—10 dB impedance bandwidth of the proposed antenna
was 530 MHz, approximately three times higher than the
reference antenna (175 MHz). As a result, the proposed
antenna achieved an impedance bandwidth of approxi-
mately 72.1%. As shown in Fig.[7](b), the proposed slots
improved the gain at the operating frequency. The max-
imum measured gain of the reference and the proposed
antenna was approximately 2.14 and 2.57 dBi, respec-
tively. Furthermore, as shown in Fig. [7](b), the proposed
antenna with added slots has significantly higher mea-
sured total efficiency above 0.7 GHz than the reference
antenna.

Figure [§] shows the simulated and measured radi-
ation patterns of the proposed antenna at the x-y and
x-z planes in the operating frequencies of 470, 670,

Fig. 6. Measurement setup of the proposed antenna: (a)
radiation pattern measurement and (b) reflection coeffi-

cient measurement.
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Fig. 7. Simulated and measured results of the proposed
antenna in relation to the frequencies: (a) reflection coef-
ficients, (b) peak gains and total efficiency.
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Table 2: Comparison between previous works and the
proposed antenna

Ref. | f. BW | Gain Size (Ao°)
(GHz) | (%) | (dBi)

Bl [ 17 [1765] 12 | 6.26 x 2.95 x 0.07
8] | 1.4 | 100 | 105 | 1.11 x 1.05 x 0.06
414 1729 92 | 2.07 x 2.04 x 2.04
3] | 641 | 1747 | 63 | 2.16 x 3.20 x 0.03
26| 1.7 [117.7] 83 | 1.16 x 1.14 x 0.002
29] | 0.66 | 624 | 11.6 | 2.66 x 1.00 x 0.34
[B0] | 062 | 545 | 2.4 | 0.60 x 0.22 x 0.13
24 | 75 ] 6.66 | 0.95x0.95 x 0.01
Prop.) 0.74 | 77.9 | 2.57 | 0.48 x 0.49 x 0.002
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Fig. 8. Simulated and measured radiation patterns of the
proposed antenna at the x-y and x-z planes in the operat-
ing frequencies of 470, 670, and 860 MHz.

and 860 MHz. Here, the proposed antenna presented
an omnidirectional radiation pattern in the azimuth
plane, whereas in the elevation plane, as the frequency
increased, the antenna presented a directional beam in
the y-axis direction.

Table [2] presents a comparison of the proposed
antenna with those reported in previous works. Com-
pared with the Vivaldi antennas described in previous
studies, the proposed antenna demonstrated an improved
impedance bandwidth due to the addition of the straight
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slots to the antenna radiator. It was comparatively small
in size (0.48 A(x0.49 A(x0.002 A() based on the center
frequency wavelength (f;).

IV. CONCLUSION

In this paper, a method for miniaturizing a wide-
band Vivaldi antenna using straight slots was presented.
The method can be easily implemented by adding slots
to the antenna radiator. Using this method, we devised a
wideband printed AVA for UHF DVB-T/T2 applications.
Both the proposed antenna and the miniaturization meth-
ods will prove useful in designing various directional
antennas.
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