
ACES JOURNAL, Vol. 38, No. 11, November 2023 886

Design of a New Balanced Side Slotted Vivaldi Antenna with Director using
Genetic Algorithm

Xiaoyan Zhang1,2, Yuxu Hu1*, and Aiyun Zhan1

1School of Information Engineering
East China Jiaotong University, Nanchang, 330013, China

xy zhang3129@ecjtu.edu.cn, huyuxu 2021@163.com, 707290432@qq.com

2State Key Laboratory of Millimeter Waves, Nanjing, China

Abstract – Generally, side slotting and directional tech-
niques can improve the performance of a conventional
Vivaldi antenna (CVA), but the optimal structure and
distribution of slots and directors may be irregular or
even complex, requiring significant manual effort, thus
limiting the design possibilities. In this paper, a genetic
algorithm (GA) is introduced to assist in designing
and optimizing a new type of balanced side slotted
Vivaldi antenna with director (SSVAD). The methods
of artificial intelligence make the process of searching
for the optimal structure of such a multi-objective and
multi-dimensional problem simpler and more diverse.
The GA-generated SSVAD antenna consists of a CVA
and 34 slots with varying lengths, as well as 5 metal
strips. It has a compact size of 38.2×49×0.8 mm3 (or
0.32λ L×0.41λ L×0.007λ L, where λ L is the lowest oper-
ating frequency of 2.48 GHz). The measured results
show that the antenna has a peak gain >0 dBi over 2.48-
10.88 GHz and >5 dBi over 4.6-10.88 GHz with S11<-
10 dB standard, and exhibits directional characteristics
at most of the operating frequencies. Since the mea-
sured results are basically consistent with the simulation
ones, the effectiveness of the designed scheme has been
proven.

Index Terms – Balanced side slotted Vivaldi antenna,
director, genetic algorithm optimization, ultra-wide
band.

I. INTRODUCTION
Due to the characteristics such as stable directional

radiation pattern, ultra-wideband, high gain, and low pro-
file, the Vivaldi antenna has aroused the researchers’
intense interest. Miniaturization and high gain are its
main design difficulties [1]. To solve these issues, a
method of side slotting has been introduced into conven-
tional Vivaldi antenna (CVA) designs [2–5]. For exam-
ple, in 2017, sparse irregular slots were etched on the
radiators of a CVA, achieving a compact design with

bandwidth of 3.9-9.15 GHz [2]; in the same year, dense
comb-shaped slits with identical spacing and length were
applied to a conventional antipodal antenna (CAVA)
design, expanding its bandwidth from 1.8-4 GHz to 1.65-
18 GHz and improving low-frequency gain as well [3];
in 2021, a new balanced side-slotted Vivaldi antenna
(SSVA) with three pairs of triangular shaped slots was
proposed, realizing a bandwidth of 3.05-12.2 GHz and
a peak gain of 8.2 dBi [4]. In 2019, a Vivaldi antenna
array was proposed for underwater communication. A
linear conical array slot structure was applied to the tra-
ditional Vivaldi antenna, achieving an impedance band-
width of over 55% with a return loss of 10 dB and a peak
gain of 10.75 dBi [5]. Obviously, the side slotting tech-
nology can effectively improve the performance of the
CVA/CAVA, but the shape features of the slots may be
very complex and may need a long time to find a suitable
one. Therefore, in order to improve design efficiency, the
slots are usually assumed to have regular features and are
uniformly distributed, which may result in the inability to
obtain the optimal structure and limit the more possibili-
ties of design.

To further improve the performance of the SSVA,
a lens or a director is loaded at the front of its radia-
tion patch, which can guide the energy distribution of the
antenna along the end-fire direction, thereby enhancing
its directivity. Specifically, the lens includes a protrud-
ing substrate [6, 7], as well as single-layer or multi-layer
phase compensation metal strips [8, 9], increasing the
size of the antenna. For example, in 2016, the substrate at
the front end of the antenna was protruded into a semicir-
cle, which reduced the phase error on the antenna aper-
ture, but increased its size by 20×70 mm2 [6]; in 2017, a
three-layer phase correcting lens (PCL) was introduced
into a CVA. Although it increased the antenna’s gain
by 1.1-6.1 dB, it also resulted in an additional size of
52×16.5 mm2 and a thickness of 15 mm [8]. In con-
trast, the director only occupies the clearance area of the
antenna, so that the antenna can remain compact.
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Generally, the director can be formed by adding
higher permittivity dielectric elements [10], metal
parasitic patches [1, 7, 9, 11], and conductor gratings
[12–14]. For example, an elliptical metal director was
loaded into SSVA, increasing its fractional bandwidth by
13% and gain by 0.2 dB in [11]; several rectangular grat-
ings were used in a SSVA, resulting in a gain improve-
ment of nearly 1 dB in [13]; some epsilon negative meta-
material cells are arranged in two flares of a CAVA in
[14], enhancing the gain of the antenna by 3 dB in the
24-30 GHz frequency range. Similar to grooving tech-
nology, the size, shape, and position distribution of the
director have an impact on the directivity of the antenna,
so they also need to be carefully designed.

In order to shorten the time for manual design,
intelligent search technologies, such as swarm intelli-
gence algorithm [15–17] and genetic algorithm (GA)
[18–19], have been applied to optimize antenna parame-
ters. For example, a frequency selective surface (FSS)-
loaded CAVA was optimized using honeybee mating
optimization (HBMO) algorithm in [15], but the struc-
ture of the antenna itself has not been optimized; in
[16], the optimal size of the slots of a notch band UWB
antenna was obtained through a particle swarm optimiza-
tion (PSO) algorithm. However, only the voltage stand-
ing wave ratio (VSWR) was tested, and its gain and co-
polarization radiation patterns were given through simu-
lation, so the algorithm’s performance has not been fully
demonstrated; in [18], the heights of the rings of a lens
antenna were optimized using GA. Compared with the
swarm intelligence algorithms, GA is more widely used
because it is less likely to fall into local optima prema-
turely, which reveals the enormous potential of GA in
complex antenna design.

In this work, considering that SMA joint weld-
ing may cause a relatively large error in the antipo-
dal antenna, as well as the research needs of the group
in flexible antennas in the future, planar Vivaldi was
selected as a reference in this design. The side slots and
director of the SSVAD are jointly optimized and gener-
ated through GA, so their shapes and scales exhibit sym-
metric and random characteristics, making it difficult to
achieve through manual design, as it requires extensive
multi-objective and multi-dimensional simulation exper-
iments. The measured results indicate that the antenna
has a compact size, a bandwidth of 125.6%, and a peak
gain of 8.47 dBi. Compared with published literatures,
the proposed antenna has the advantages of miniatur-
ization, relatively large fractional bandwidth, and high
gain. Although the structure of the antenna appears com-
plex, the GA approach make the process of search-
ing for the optimal structure of such a multi-objective
and multi-dimensional problem simpler and more
diverse.

This manuscript is arranged as following. First, the
design and optimization methods of the antenna are
described in Section II. Then, the GA-generated SSVAD
was fabricated and tested in Section III, and the measured
results were compared with the simulation ones, all of
which were presented. Finally, a conclusion is made in
Section IV.

II. METHODS FOR ANTENNA DESIGN AND
OPTIMIZATION

A. Basic structure of the CVA
The proposed antenna is designed based on a tra-

ditional structure, as shown in Fig. 1. It is printed on
a FR4 substrate with relative dielectric constant (εr) of
4.4, loss tangent of 0.025, and thickness (t) of 0.8 mm.
The length (Lt) and width (W t) of the substrate are 49
mm and 38.2 mm, respectively. This CVA consists of a
coupler (as shown in Fig. 1 (a) and two radiating fins (as
shown in Fig. 1 (b)). They are etched on two opposite
sides of the substrate.

(a)

(b)

Fig. 1. Basic structure of the Vivaldi antenna: (a) Its top
view and (b) its bottom view.

The coupler includes a microstrip feed line, a
microstrip-to-slot-line transition, and a fan-shaped stub.
They are cascaded to match the impedance between
the feeding and the tapered slot structure, thus enabling
the antenna to maintain good impedance matching over
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a wide frequency band. Their parameters are repre-
sented by L1, W1, L2, W2, L3, W3, Rg1. The width of
the microstrip feed line that matches the characteristic
impedance of 50 ohms can be calculated through follow-
ing formulas [20]:

Z0 =
120pi

√
εe
[w1

t +1.393+0.667ln(w1
t +1.444)

] , (1)

with

εe =
εr +1

2
+

εr −1
2
√

1+(12t/w1)
, (2)

where t is the thickness of FR4 substrate and W1 is the
width of the microstrip feeder .

The fins have exponential curves and a circular res-
onant cavity (with a radius of R) slotted at their intersec-
tion. The exponential curves of the fins are given as

y(x) =C exp(kx), (3)
where x and y represent the coordinates of the curve. The
constant C and opening rate k are given by:

C =Ws/2 and k = ln(Wt/Ws)/L4, (4)
where L4, Wt , and Ws are the length, width, and throat
width of the aperture respectively. The distance between
the aperture and the top of the circular cavity is L5. Radi-
ation occurs along the exponential curves. The circular
cavity serves as an open circuit to minimize the reflec-
tions from the microstrip line to the microstrip-to-slot-
line transition [12].

The regions A, B, and C shown in Fig. 1 (b) were
selected for optimization. Specifically, side slotting tech-
nique is applied to the A and B regions, while the con-
ductor gratings as the director have been introduced into
the C region. The slots in region B are symmetrical and
identical to A.

B. The proposed SSVAD design and optimization
Before optimization, the specific location of the slots

and the total area they will occupy cannot be determined.
Therefore, the A/B region is initialized as 36 evenly
spaced etched slots along the X direction. Similarly, the
region C is initialized with 6 metal strips. For ease of
fabricating, each slot and strip are rectangular in shape.
The specific optimization methods based on GA are as
follows.

Considering the large number of the slots, their
widths and the distance between adjacent slots are fixed
as 0.5 mm, and only their lengths (numbered as Lcn,
n=1, 2, . . . , 36) are generated by GA. While, the direc-
tor is only composed of 6 metal strips, so both their
length (Lgn, n=1, 2, . . . , 6) and width (Wgn) can be opti-
mized. These elements are arranged in parallel and the
distance between the bottom edges of two adjacent ele-
ments is fixed as g0. To avoid overlapping and exces-
sive length of metal strips, Lgn is set to <1.2 mm and
Wgn <7 mm. In contrast, the size range limitations of Lc

require more consideration. Firstly, the resonant wave-
length λ 0 caused by a slot with a length of Lc can be
estimated as [21]

λ0 = 4Lc/
√
(1+ εr)/2. (5)

According to (5), the estimated length of the slots is
12.3-41 mm (corresponding to 3-10 GHz). Next, consid-
ering that the half width of CVA is Wt = 19.1 mm, and to
avoid damaging the current distribution of the exponen-
tial curves, the length of the slots Lc12 - Lc29 needs to be
shortened. Ultimately, they are controlled between 0 mm
and 15 mm. The determination of the range for other Lcn
is also for the same reason.

The GA and a high frequency simulation software
(HFSS) V15.1 are combined through an application pro-
gramming interface (API). The former is used to search
for the optimal parameters, while the latter attempts to
apply them in antenna simulation. In order to minimize
the reflection of the antenna within the frequency range
of 3-10 GHz and ensure a higher gain, the fitness func-
tion is defined as the average return loss of the antenna
at the sampling frequency:

Fitness =
1
n

N

∑
n=1

F( fn), (6)

with

F (fn) =

{
10,
|S11(fn)|,

|S11(fn)| ≥ 10
|S11(fn)|< 10 , (7)

and constraints:

A =
1
n

N

∑
n=1

An, (8)

where

An =

{
1,
0,

Gain( fn)≥ Gain0( f n)
Gain( f n)< Gain0( f n) . (9)

Here, N refers to the number of discrete frequen-
cies fn; |S11(fn)| refers to the return loss of the antenna at
fn, and its standard is |S11| ≥ 10 dB. The average return
loss of the antenna is calculated using formula (6). When
Fitness = 10, it indicates that the return loss of the tar-
get frequency band is larger than 10 dB; Gain(fn) and
Gain0(fn) are the peak gains of the GA generated antenna
and the CVA (as shown in Fig. 1), respectively. Litera-
ture research [9, 22] has found that adding gratings can
improve some of the high-frequency gain but has little
effect on the low-frequency gain. The frequency at which
the gain can be increased accounts for approximately 70-
80% of the total frequency. Therefore, in order to reduce
optimization time, A ≥ 0.8 is used as the standard for
determining the optimal parameter, which means that the
antenna gain of over 80% of frequencies is higher than
that of CVA.

The flowchart of GA assisted antenna design is
shown in Fig. 2. The parameters optimized using GA and
their corresponding limiting ranges are listed in Table 1.
Table 2 presents the main parameters of GA, such as
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Fig. 2. Design process of the GA-generated antenna.

Table 1: Parameters and their constraints
Region Parameter Constraint (mm)

A/B Lc1-Lc11,
Lc34-Lc36

0-3

A/B Lc12- Lc29 0-15
A/B Lc30- Lc33 0-9

C Lg1-Lg6 0-7
C Wg1-Wg6 0.5-1.2

Table 2: Main parameters of the GA
Parameter Value

Maximum iteration
number

100

Crossover rate 0.9
Mutation rate 0.05

Deadline iterations 62
Gene length 8

Population number 150

population number, crossover rate, mutation rate, and
maximum iteration number.

The optimization process is performed on a PC
with Intel Core i7 (3.4 GHz, 8-core) CPU and 32 GB
RAM. After about 18 days of calculation, the structure
of the proposed balanced GA-generated SSVAD antenna
is shown in Fig. 3. After optimization, Lc8, Lc25, and Lg6
are 0, so the number of slots and metal strips are 34 and
5, respectively. The optimized parameters are shown in
Table 3.

C. Antenna analysis
The current distribution on the radiation fins of the

CVA, balanced SSVA and the proposed SSVAD at fre-

Fig. 3. The structure of the proposed SSVAD.

Table 3: Optimized parameters of the proposed SSVAD
(unit: mm)
Symbol Value Symbol Value Symbol Value

Wt 38.2 W0 4.65 W1 1.5
W2 1 W3 0.75 W4 0.25
Lc1 1.65 Lc2 0.29 Lc3 0.99
Lc4 0.38 Lc5 1.27 Lc6 0.95
Lc7 1.3 Lc8 0 Lc9 0.63
Lc10 1.31 Lc11 1.62 Lc12 4.29
Lc13 5.14 Lc14 9.28 Lc15 7.81
Lc16 13.95 Lc17 0.98 Lc18 13.31
Lc19 9.14 Lc20 14.88 Lc21 3.92
Lc22 11.52 Lc23 13.47 Lc24 12.57
Lc25 0 Lc26 8.89 Lc27 13.72
Lc28 11.97 Lc29 0.43 Lc30 5.9
Lc31 4.18 Lc32 3.31 Lc33 1.17
Lc34 1.04 Lc35 0.72 Lc36 0.7
Ws 0.4 Lt 49 L1 12.5
L2 4.2 L3 12.25 L4 28.5
L5 6.2 h 10.5 Wg1 0.5

Wg2 0.93 Wg3 0.7 Wg4 0.65
Wg5 0.58 Wg6 0 g0 1.5
Lg1 5.39 Lg2 4.26 Lg3 5.17
Lg4 0.39 Lg5 6.61 Lg6 0
R 1.8 Θ 50◦ Rg1 8.6

quencies of 3.2, 7.2, and 9.2 GHz, is simulated and com-
pared in Fig. 4. By comparing the current intensities in
the D, E, and F regions, it can be clearly observed that
the current of the CVA shown in Fig. 4 (a) is mainly
distributed at the edges of the antenna radiation fins. In
contrast, guided by the side slotting and the director, the
surface currents of SSVA and SSVAD shown in Figs. 4
(b) and (c) diffuse toward the interior of the fins, thereby
increasing the effective radiation area; and the director
gathers the high-frequency radiation field of the antenna,
thereby increasing the directionality of the antenna at
high frequencies.
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(a)

(b)

(c)

Fig. 4. Comparison of simulated surface current distribu-
tion of (a) CVA, (b) balanced SSVA, and (c) SSVAD at
different frequencies (3.2, 7.2, and 9.2 GHz).

Figure 5 compares the simulated return loss of the
CVA, balanced SSVA, and proposed SSVAD respec-
tively. It can be seen that the operating frequency range
of CVA is 3.1-10 GHz (or a fractional bandwidth of
105%). After side slotting and loading director, S11
decreased by 6.63 dB, 6.32 dB, 12.44 dB, 11.12 dB, and
10.33 dB at 3.1 GHz, 4.51 GHz, 7.24 GHz, 9.03 GHz,
and 10.82 GHz, respectively, so its operating frequency
is expanded to 2.79-11.17 GHz (up to 122%).

The realized gains of the three antennas at 2.79-
11.17 GHz are compared in Fig. 6, which verifies that
after loading director and applying side slotting technol-
ogy, the antenna gains become higher.

Comparison of performance between the proposed
SSVAD and other antennas listed in [4, 11, 13, 15, 17, 22,
23] is presented in Table 4. Through comparison, it can
be seen that the design of artificial intelligence assisted
Vivaldi antennas is still limited. Although the structure
of the antenna appears complex, the process of design-
ing with GA approach is relatively simple. The proposed
antenna has a size of 0.32×0.4×0.007, a bandwidth of
8.4 GHz, and a peak gain of 8.47 dBi. It can be inferred

Fig. 5. Comparison of the simulated return loss for CVA,
balanced SSVA, and proposed SSVAD.

Fig. 6. Comparison of the simulated realized gains of
CVA, balanced SSVA, and proposed SSVAD.

Table 4: Specification and performance comparison
between reference antennas and the proposed antenna

Ref.
(Years)

Intelligent
Optimization
Technology

Optimization Methods Size
(
λ 3

L
) Bandwidth /

Fractional
Bandwidth
(GHz/%)

Peak
Gain
(dBi)

[4]
(2021) – Diagonal slot 0.36×0.36×0.016 3.05−12.2/120 8.2

[11]
(2021) - Rectangular strip 0.49×0.45×0.008 2.5−11/126 7.2

[13]
(2022) –

Bottle-shaped slots+
Rectangular strip 1.1×0.96×0.008 3−8/91 8.8

[15]
(2021) HBMO Multi layer FSS 0.83×0.97×0.03 5−12/82 10.1

[17]
(2021) HBMO+GA FSS 0.92×1.07×0.01

2.1−3.1;3.5−6.5
7.4−8.1;8.2−9/116 10

[22]
(2021) –

Star-shaped slot +
Artificial material lens +
Dielectric lens

0.53×0.60×0.011 4−13/105 9.2

[23]
(2021) - Rectangular slot 0.38×0.52×0.023 4.74−20/123 5.43

This
work GA

Rectangular slot+ irregular
Rectangular strip 0.32×0.41×0.007 2.48−10.88/125.6 8.47

that the proposed antenna achieves a wide impedance
bandwidth and a high gain with a relatively compact size.
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(a) (b)

Fig. 7. Photographs of the fabricated proposed antenna:
(a) Top view and (b) bottom view.

III. MEASURED RESULTS
The proposed antenna has been fabricated, and its

photographic images are shown in Fig. 7. Its return loss
is tested by the Agilent Network Analyzer (Keysight
E5071C) and compares with the simulated ones, which
are shown in Fig. 8. Measured results show that the pro-
posed antenna has a -10 dB impedance bandwidth of
2.48-10.88 GHz (>125%). Although there are some dif-
ferences between the test results and simulated results
(as ultra-wideband (UWB) antennas are very sensitive to
fabrication tolerance), the overall trend is consistent.

The measured 2-D radiation patterns in the XY-
plane and 3-D far-field radiation pattern of the proposed
antenna at frequencies of 5.2, 6.2, 7.2, 9.2, and 10.2 GHz
are shown in Figs. 9 (a), (b), (c), (d), and (e), respec-
tively. Their co-polarization to cross-polarization ratios
at 5.2 GHz, 6.2 GHz, 7.2 GHz, and 9.2 GHz are 27.8 dB,
27.51 dB, 26.2 dB, 23.2 dB, and 17.1 dB. They are all
greater than 10 dB, indicating that the polarization inter-
ference of this antenna is small.

Fig. 8. Simulated and measured return loss of the pro-
posed antenna.

(a)

(b)

(c)

(d)

Fig. 9. Continued
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(e)

Fig. 9. Simulated and measured radiation patterns of the
proposed antenna in the XY-plane and 3D far-field radi-
ation pattern: (a) 5.2 GHz, (b) 6.2 GHz, (c) 7.2 GHz, (d)
9.2GHz, and (e) 10.2 GHz.

The variation of the peak gains of the designed
antenna over 2-12 GHz is shown in Fig. 10. The max-
imum value of the test results is 8.47 dBi, which appears
at 5.2 GHz and deviates from the simulation (the peak
gain is 9.2 dBi at 9.2 GHz), which may be due to fabri-
cation tolerance.

Fig. 10. Simulated and measured realized gains of the
proposed antenna.

IV. CONCLUSION
In this paper, the GA approach is applied in gen-

erating edge slots of the SSVAD and determining the
positions and scales of the slots and director ele-
ments. The proposed antenna has a compact size of
0.32λ L×0.41λ L×0.007λ L. It can operate at 2.48-10.88
GHz. The peak gain within this frequency range is 8.47
dBi. Compared with the traditional manually designed
antennas, the proposed antenna has a more complex
structure and a better performance. The design process

of these structures can be separated from manual partici-
pation, reflecting the advantages of intelligent design. In
the future, we will continue to seek a more efficient arti-
ficial intelligence algorithm to accelerate search speed.
And, constraints such as directionality and cross polar-
ization ratio will be introduced into the fitness function.
These research approaches will be further applied to the
design of flexible antennas.

ACKNOWLEDGMENT
The authors wish to acknowledge the support of

the Jiangxi Provincial Department of Education Project
(GJJ2200622), Open Project of Millimeter Wave Key
Laboratory (K202431).

REFERENCES
[1] H. Zhu, X. Li, L. Yao, and J. Xiao, “A novel dielec-

tric loaded Vivaldi antenna with improved radia-
tion characteristics for UWB application,” Applied
Computational Electromagnetics Society (ACES)
Journal, vol. 33, no. 4, pp. 394-399, Apr. 2018.

[2] M. Z. Mahmud, M. T. Islam, M. Samsuzzaman,
S. Kibria, and N. Misran, “Design and aarametric
investigation of directional antenna for microwave
imaging application,” IET Microwaves, Antennas
& Propagation, vol. 11, no. 6, pp. 770-778, May
2017.

[3] M. Moosazadeh, S. Kharkovsky, J. T. Case, and B.
Samali, “Antipodal Vivaldi antenna with improved
radiation characteristics for civil engineering appli-
cations,” IET Microwaves, Antennas & Propaga-
tion, vol. 11, no. 6, pp. 796-803, May 2017.
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