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Compact Multiband High-Gain Millimeter-Wave Planar Antenna

Asmaa E. Farahat and Khalid F. A. Hussein*

Abstract—A novel miniaturized high-gain Vivaldi antenna printed on a thin substrate is proposed
for operation as a multi-band antenna for millimeter-wave applications. The present work proposes a
novel geometrical design of the Vivaldi antenna that is printed on the opposite faces of a thin dielectric
substrate. The antenna has compact size, and its dimensions are optimized to enhance the performance
regarding the bandwidth of impedance matching, gain, and radiation efficiency. To maximize the gain
within a desired frequency band, each arm of the Vivaldi antenna is loaded by a ring-shaped parasitic
element. The results of the parametric study for antenna design optimization regarding the enhancement
of the impedance matching bandwidth and the antennas gain are presented and discussed. Also, it is
shown through parametric study that the size and location of the parasitic rings can be optimized to
enhance the antenna gain over the desired frequency range. The multiband operation of the proposed
Vivaldi antenna is explained in view of the multimode operation that is illustrated by the distributions
of the surface current on the antenna arms and the electric field in tapered slot. A novel microstrip
line/parallel-strip line balun structure is proposed for feeding the balanced Vivaldi antenna and to
achieve wideband impedance matching. The proposed Vivaldi antenna is fabricated and subjected to
performance evaluation through measurements. It is shown that the antenna impedance is matched to
50Ω over the four frequency bands: 22.0–27.7GHz, 32.0–37.5GHz, 41.5–46.6GHz, and 51.7–56.7GHz.
The corresponding bandwidths are 5.7, 5.5, 5.1, and 5.0GHz, respectively with percent bandwidths
of 23%, 16%, 11.6%, and 9.2%, respectively. In spite of its compact size, the achieved values of the
maximum gain are 6 dBi, 9 dBi, 11.4 dBi, and 12 dBi over the mentioned frequency bands, respectively.
Also, the corresponding values of radiation efficiency are 98%, 97%, 95%, and 93%, respectively. The
proposed Vivaldi antenna is fabricated and subjected to measurement for experimental investigation of
its performance. The measurement shows good agreement with the simulation results.

1. INTRODUCTION

Recently, researchers have been attracted to the millimeter wave (mm-wave) band that refers to the
frequency spectrum 30–300GHz. Using the mm-wave range in communications can allow high speed,
low latency, and very high data rates of many Gbps. Leading applications such as the high definition
(HD) televisions and HD videos, automotive, satellite and 5G mobile communications, and virtual reality
benefit from the large bandwidth and high data rates offered by the mm-wave frequency spectrum [1].
Due to the small wavelength, antennas in mm-wave range occupy smaller space because of their small
size which allows to design antenna arrays with enhanced performance and higher gain in a limited
area [2]. Higher bands of 5G (24–47GHz) and Ka-band (27–40GHz) used in satellite communications
require high gain antennas to overcome the atmospheric attenuation due to water vapor absorption
and propagation path loss at these frequency bands [3]. Also, high gain antennas are important for
microwave imaging systems, radar, GPR detection, remote sensing, as well as medical field [4].
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Antipodal Vivaldi antennas have been invented to improve the gain and bandwidth in the high
frequency applications [5–7]. The antipodal Vivaldi has been introduced in [6]. Many researches then
have been conducted to improve the performance of the Vivaldi antenna regarding the size reduction,
impedance matching bandwidth, and improved radiation characteristics. For example, in [8], a compact
high gain antipodal Vivaldi antenna is implemented for 5G applications using negative metamaterial.
The unit cells of the metamaterial are arranged between two arms of the Vivaldi antenna in order
to transfer all energy in the end-fire direction. This antenna achieves a gain that varies between 11
and 13.5 dB over the operating band 24–30GHz. In [9], an antipodal Vivaldi antenna with improved
radiation performance at high-frequency band is proposed with a double asymmetric trapezoidal
parasitic patch added to the aperture of the antenna. The antenna operates in the frequency range
6–26.5GHz with a gain of 9 dBi. The concept of adding parasitic patch has also been used in [10]
to enhance the radiation in the end-fire direction to increase the achieved gain to about 10 dB in the
frequency band 6–21GHz but with a total size of 140mm × 66mm × 1.5mm. An antipodal Vivaldi
antenna with regular slot edges to improve the start low frequency and adding a loaded lens at the
flare ends to enhance the end high frequency of the operating band has been investigated in [11]. The
antenna achieves a wide frequency band 4–30GHz but with low gain of 5 dBi. Some recently published
work proposes planar Vivaldi antennas for multiband operation such as those presented in [12–19].

In this work, a novel method is introduced for constructing the Vivaldi antenna arms. This method
is based on the extraction of an area that is subtended between two ellipses; the outer ellipse forms
the edge of the tapered slot of the Vivaldi antenna. The two arms of the antenna are printed on the
opposite faces of the dielectric substrate. The feed line is a microstrip line printed on the top face of
the substrate and connected to the right arm of the antenna. A microstrip line/parallel-strip line balun
structure is proposed for feeding the balanced Vivaldi antenna and to achieve wideband impedance
matching. The ground plane is printed on the bottom surface of the substrate and is connected to the
left arm of the antenna. The feeding microstrip line is connected to the two-arm antenna through a
twins-waveguide region for impedance matching. Each arm of the antenna is loaded by a conducting
ring through a semicircular slot for gain enhancement. The multiband operation of the proposed Vivaldi
antenna is explained in view of the multimode operation that is illustrated by the distributions of the
surface current on the antenna arms and the electric field in tapered slot.

The following presentations of the present article are organized through seven sections. Section 2
describes the antenna design. Section 3 presents a parametric study for the optimum antenna
design. Section 4 describes the fabricated model of the antenna. Section 5 explains the experimental
work. Section 6 provides presentations and discussions of the simulation results. Section 7 presents
comparisons with other published work. The conclusions are summarized in Section 8.

2. ANTENNA DESIGN

The Vivaldi antenna can be described as a radiating tapered slot whose width increases while moving
away from the feeding point. This antenna has two coplanar conducting surfaces on the sides of the
tapered slot which, theoretically, have infinite extensions in the transvers direction to the slot axis. If
these side planes are truncated in the transverse direction, they can be considered at two arms of the
coplanar antenna structure. A novel method for realizing such a Vivaldi antenna with truncated side
planes is illustrated in Figure 1. Each of the antenna arms can be constructed by two ellipses as shown
in Figure 1. The outer ellipse has its major and minor axes of lengths av and ah, respectively, whereas
the inner ellipse has its major and minor axes of lengths bh and bv, respectively. The inner ellipse has its
major axis coincident with the minor axis of the outer ellipse, and both of them are coincident with the
x-axis. The center points of the two ellipses are shifted by XS in the x-direction. In this geometry, each
arm has four boundaries: the outer ellipse, inner ellipse, horizontal x-axis, and truncating the straight
line that lies at a distance WA from the y-axis and parallel to it. In this way, the shaded part shown in
Figure 1 can be extracted as one of Vivaldi antenna arms whereas the other arm is a mirror of it, where
the mirror plane contains the centerline of the tapered slot and is perpendicular to the antenna plane.

The method of constructing the Vivaldi antenna arms is applied, and the proposed antenna
structure can be built as shown in Figure 2. The two arms of the antenna are printed on the opposite
faces of the dielectric substrate. The feed line is a microstrip line printed on the top face of the substrate
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Figure 1. Geometrical boundaries of one arm of the proposed Vivaldi antenna.
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Figure 2. The printed Vivaldi antenna with the parasitic rings. (a) Top view (right arm of the
antenna). (b) Bottom view (left arm of the antenna).
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2

Figure 3. Top view with transparent substrate showing the complete design parameters of the proposed
high-gain Vivaldi antenna.

and connected to the right arm of the antenna. The ground plane is printed on the bottom surface of
the substrate and is connected to the left arm of the antenna. The feeding microstrip line is connected
to the two-arm antenna through a twins-waveguide region for impedance matching. Each arm of the
antenna is loaded by a conducting ring through a semicircular slot for gain enhancement.

The antenna design described above results in a Vivaldi antenna that can operate in multiple wide
bands of the frequency. The multiband operation of the proposed Vivaldi antenna can be explained as
follows. In a tapered slot structure with side conducting surfaces of infinite side extension, broadband
radiation will be obtained. When the side conductors are truncated to a finite length, the radiating
structure combines multi-resonance (multi-mode) and broadband characteristics in one structure to
result in multiple resonating bands, each of which is broadband. The center frequency and span of each
band depend on the dimensions and shape of the tapered-slot structure.

The design parameters of the novel Vivaldi antenna are presented in Figure 3 where the bottom
layer is seen through the substrate just for illustration. The feeding microstrip line is connected to
the two-arm antenna through a parallel-twins transmission line region of length LT that can be set to
allow impedance matching over the desired frequency band. This antenna is printed on a thin flexible
dielectric substrate of type Rogers’ RO3003 with dielectric constant ϵr = 3.0, loss tangent δ = 0.001,
and thickness h = 0.25mm. The optimum performance of the Vivaldi antenna presented in Figure 3
regarding the frequency band of impedance matching and the maximum gain is obtained when the
design parameters are set as listed in Table 1. It should be noted that the dimensions listed in Table 1
are obtained through numerical investigations by the CST R⃝ simulator to perform parametric study.
Some examples of these parametric studies are presented and discussed in Section 3 of the present work.

3. PARAMETRIC STUDY FOR OPTIMUM ANTENNA DESIGN

This section is concerned with demonstrating some examples of parametric study to determine the best
values of the dimensional parameters (listed in Table 1) for the optimal design of the proposed multiband
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Table 1. Dimensions of the multiband high-gain Vivaldi antenna of the design presented in Figure 2.

Parameter W L h ah av bh bv XS WA

Value (mm) 17.9 23 0.25 7 12 3 2 3 3.65

Parameter RP WR WS XP YP LT LF WF WG

Value (mm) 1.2 0.5 0.4 4.5 5.5 0.45 10 0.4 12

Vivaldi antenna. The design of this antenna has two main objectives. One of the design objectives is to
obtain the widest possible frequency band over which the antenna impedance is matched to 50Ω. The
other design objective is to maximize the antenna gain especially for the millimeter-wave bands of the
antenna operation.

3.1. Parametric Study for Impedance Matching

The edge of the tapered slot of the Vivaldi antenna is formed using the outer ellipse as described in
Section 2 and illustrated in Figure 1. The length av of the major axis of the outer ellipse has a major
effect on the impedance matching of the Vivaldi antenna. Figure 4 presents the effect of changing
av on the frequency response of |S11|. It is shown that the proposed Vivaldi antenna has four bands
over which the impedance is matched to 50Ω. For av = 8mm, the antenna has only three bands of
impedance matching. It is clear that the widest frequency band at each of the four bands is obtained
when av = 12mm.

0

Figure 4. Variation of |S11| (at the antenna feeding port) with varying the frequency for different
values of the dimension av. The other dimensions of the antenna are listed in Table 1.

Each arm of the Vivaldi antenna has the width WA as described in Section 2 and illustrated in
Figures 1 and 3. This dimension has a major effect on the impedance matching of the Vivaldi antenna.
The frequency response of |S11| for different values of WA is shown in Figure 5. It is shown that the
widest frequency band at each of the four bands of the Vivaldi antenna is obtained when WA = 3.65mm.

As described in Section 2 and illustrated in Figures 2 and 3, two parasitic rings are capacitively
coupled to the antenna arms to improve the performance of the proposed Vivaldi antenna. The size
of the parasitic ring is mainly determined by the outer radius, RP , whereas its location is determined
by the dimensions, XP and YP . It is required to investigate the effects of the three parameters RP ,
XP , and YP on the impedance matching bandwidth as well as the maximum antenna gain. As shown
in Figures 6, 7, and 8, the three parameters have minor effects on the impedance matching over the
four frequency bands of the proposed Vivaldi antenna. However, in the next section, it is shown that
these parameters have major effects on the far-field parameters and can be optimized to enhance the
maximum gain obtained by the Vivaldi antenna.
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Figure 5. Variation of |S11| (at the antenna feeding port) with varying the frequency for different
values of the dimension WA. The other dimensions of the antenna are listed in Table 1.

Figure 6. Effect of the ring horizontal location XP on the reflection coefficient of the proposed Vivaldi
antenna. The other dimensions of the antenna are listed in Table 1.

Figure 7. Effect of the ring vertical location YP on the reflection coefficient of the proposed Vivaldi
antenna. The other dimensions of the antenna are listed in Table 1.
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Figure 8. Effect of the ring radius RP on the reflection coefficient of the proposed Vivaldi antenna.
The other dimensions of the antenna are listed in Table 1.

3.2. Parametric Study for Gain Maximization

As discussed in Section 3.1, the dimensional parameters RP , XP , and YP determining the size and
position of the parasitic rings that are capacitively coupled to the antenna arms have minor effects on
the impedance matching over the four frequency bands of the proposed Vivaldi antenna. The purpose
of loading the arms of the proposed Vivaldi antenna by these parasitic rings is to enhance the maximum
gain. The parasitic ring size is mainly determined by the outer radius, RP , whereas its location is
determined by the dimensions, XP and YP . The three dimensional parameters RP , XP , and YP can be
optimized to maximize the gain over a given frequency range.

Due to the semi-circular slot between the arm and the ring, the coupling between them is capacitive.
This means that at some given frequency the capacitive loading of the ring on the antenna arm will
produce a maximum current on the antenna surface thereby leading to enhancing the maximum gain
of the antenna. The same applies to the location of the parasitic ring relative to the antenna arm. For
increasing the coupling between the arm and the ring, the horizontal location, XP , can be decreased
for more penetration of the ring inside the arm area. This means that changing XP results in changing
the load of the rings on the antenna arms. Thus, at a specific value of XP , the coupling load of the ring
will maximize the current flowing on the ring thereby maximizing the gain at the operating frequency.

In this section, the effects of three parameters RP , XP , and YP on the antenna gain are investigated.
As the proposed Vivaldi antenna can be considered as high-gain antenna over the third and fourth
frequency bands, the effects of these parameters on the antenna gain near the center frequencies of the
third and fourth frequency bands are investigated, and their optimum values that give the maximum
gain at 45GHz and 55GHz (as examples) are determined. It should be noted that while the values of
the dimensional parameters under investigation are changed for parametric study, the other dimensions
are those listed in Table 1.

3.2.1. Parametric Study for Gain Maximization over the Third Frequency Band

The effect of changing the outer radius, RP , of the parasitic ring on the maximum antenna gain at
45GHz is depicted in Figure 9(a). It is shown that the maximum gain is obtained when RP = 1.2mm.
This can be interpreted as that when RP = 1.2mm, the load impedance of the rings on the antenna arms
at 45GHz reaches a value that causes the magnitude of the surface current flowing on the antenna arms
and on the rings to be increased and thereby enhancing the radiated field in the far zone and increasing
the antenna gain. This will be presented and discussed in Section 4.1. It is shown in Figure 9(b) that
Xp = 4.5mm results in the maximum gain of the antenna. In a similar manner, the vertical location Yp
of the ring relative to the antenna arm affects the load of coupling, thereby affecting the ring current
and the gain. The maximum gain is obtained when Yp = 5.5mm as shown in Figure 9(c).
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(a) (b) (c)

Figure 9. Dependence of the maximum gain of the proposed Vivaldi antenna on the radius and location
of the parasitic ring at 45GHz.

3.2.2. Parametric Study for Gain Maximization over the Fourth Frequency Band

The effect of changing the outer radius, RP , of the parasitic ring on the maximum antenna gain at
55GHz is depicted in Figure 10(a). It is shown that the maximum gain is obtained when RP = 1.5mm.
This can be interpreted as that when RP = 1.5mm, the load impedance of the rings on the antenna
arms at 55GHz reaches a value that causes the magnitude of the surface current flowing on the antenna

(a) (b) (c)

Figure 10. Dependence of the maximum gain of the proposed Vivaldi antenna on the radius and
location of the parasitic ring at 55GHz.
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arms and on the rings to be increased and thereby enhancing the antenna gain. Figure 10(b) shows that
XP = 5.2mm results in the maximum gain of the antenna. In a similar manner, the vertical location
YP of the ring relative to the antenna arm affects the load of coupling, thereby affecting the ring current
and the gain. The maximum gain is obtained when YP = 5.1mm as shown in Figure 10(c).

4. NEAR FIELD AND SURFACE CURRENT DISTRIBUTION

This section is concerned with the explanation of the multiband operation of the proposed Vivaldi
antenna though the presentation of the surface current distribution especially on the conducting antenna
arms and the electric field distribution especially in the tapered slot. It may be worthwhile to mention
that these distributions are obtained through the CST R⃝ simulator.

4.1. Current Distribution

For understanding the multiband operation of the proposed Vivaldi antenna that is based on multimode
operation, the current distributions on the conducting surfaces of the proposed Vivaldi antenna near

(a) (b)

(c) (d)

Figure 11. Current distributions on the surface of the Vivaldi antenna arms near the center frequencies
of the four bands: (a) 25GHz, (b) 35GHz, (c) 45GHz, and (d) 55GHz. The dimensions of the antenna
are listed in Table 1.
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the center frequencies of the four operable frequency bands are presented as shown in Figure 11. It is
shown that surface current patterns exhibit modal distributions with increasing order modes (first-order
at 25GHz, second-order at 35GHz, third-order at 45GHz, and fourth-order at 55GHz). Also, it is clear
that when RP = 1.2mm the magnitude of the surface current flowing on the antenna arms and on the
rings is increased at 45GHz as shown in Figure 11(c) in comparison to the surface current distribution
at the other frequencies. This can be interpreted as that when RP = 1.2mm the load impedance of
the rings on the antenna arms at 45GHz reaches a value that enhances the magnitude of the surface
current at this frequency thereby leading to enhancing the radiated field in the far zone and increasing
the antenna gain.

4.2. Electric Field Distribution in the Tapered Slot

For more understanding of the multiband operation of the proposed Vivaldi antenna that is based on
multimode operation, the electric field distributions in the tapered slot of the proposed Vivaldi antenna
near the center frequencies of the four operable frequency bands are presented in Figure 12. It is
shown that the electric field distribution in the tapered slot emphasizes the same concept of multimode
operation that results in multiband operation of the finite-length tapered slot antenna structure.

(a) (b)

(c) (d)

Figure 12. Electric field distributions in the tapered slot of the proposed Vivaldi antenna near the
center frequencies of the four bands: (a) 25GHz, (b) 35GHz, (c) 45GHz, and (d) 55GHz. The
dimensions of the antenna are listed in Table 1.
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5. GAIN PATTERNS

The gain patterns produced by the proposed planar Vivaldi antenna near the center frequencies of the
four frequency bands are presented in Figure 13. These patterns are obtained by the CST R⃝ simulator
and correspond to the surface current distributions demonstrated in Figure 11 and the electric field

(a) (b)

(c) (d)

Figure 13. Gain patterns of the proposed Vivaldi antenna near the center frequencies of the four
bands: (a) 25GHz, (b) 35GHz, (c) 45GHz, and (d) 55GHz.

Table 2. The maximum gain obtained at the center frequencies of the four bands of the proposed
Vivaldi antenna.

Frequency (GHz) Mode Order Gain (dBi)

25 first 6.0

35 Second 9.0

45 Third 11.4

55 Fourth 12.0
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distributions presented in Figure 12. The maximum gain obtained near the center frequencies of the
four bands are listed in Table 2. It is shown that, like a multiband antenna, the gain of the proposed
Vivaldi antenna increases with increasing the mode order. The maximum gain produced by this antenna
is 12 dBi and is obtained at 55GHz. The three-dimensional gain pattern obtained at 45GHz (just for
example) is presented in Figure 14.

Figure 14. Two views of the three-dimensional gain pattern obtained by the proposed Vivaldi antenna
at 45GHz.

6. ANTENNA FABRICATION AND MEASUREMENTS

This section is concerned with describing the fabricated prototype of the proposed antenna and
presenting the results of measurements for experimental assessment of its performance.

6.1. Antenna Fabrication

The proposed Vivaldi antenna is fabricated for investigating its performance through measurement.
The antenna arms are printed on opposite faces of a Rogers’ RO3003 substrate using the lithography
technique. The fabricated antenna is presented in Figure 15 showing both the top and bottom faces. A
coaxial launcher of the type 2.4mm is used for feeding the antenna during measurements.

6.2. Measurements of the Reflection Coefficient at the Feeding Port

The measurement of the reflection coefficient at the input port of the fabricated model of the proposed
Vivaldi antenna is presented in Figure 16. The Rohde and Schwartz VNA model ZVA67 is used for this
purpose. The dependence of the reflection coefficient at the antenna feeding port on the frequency is
depicted in Figure 17. The results of the simulation are compared to the measured response showing
good agreement. It is shown that the proposed Vivaldi antenna has 50Ω-matched impedance over
the four frequency bands: 22.0–27.7GHz, 32.0–37.5GHz, 41.5–46.6GHz, and 51.7–56.7GHz. The
corresponding bandwidths are 5.7, 5.5, 5.1, and 5.0GHz, respectively with percent bandwidths of 23%,
16%, 11.6%, and 9.2%, respectively. The four operable frequency bands are summarized in Table 3.

6.3. Measurement of the Radiation Pattern

For experimental validation of the simulation results concerned with the radiation pattern of the
proposed Vivaldi antenna, the radiation pattern is measured at 45GHz (just for example) in the two
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(a) (b)

Figure 15. The fabricated model of the proposed Vivaldi antenna. (a) Top view. (b) Bottom view.

Figure 16. Measurement of the reflection coefficient at the feeding port of the Vivaldi antenna using
the Rohde and Schwartz VNA model ZVA67.

Table 3. Impedance matching bandwidth for each of the four frequency bands of the proposed Vivaldi
antenna.

Order of the Frequency Band Frequency Band (GHz) Bandwidth (GHz) % Bandwidth

First 22.0–27.7 5.7 23%

Second 32.0–37.5 5.5 16%

Third 41.5–46.6 5.1 11.6%

Fourth 51.7–56.7 5.0 9.2%
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Figure 17. Frequency dependence of the magnitude of the reflection coefficient, |S11|, at the antenna
excitation port over the frequency band 20–60GHz.

(a) (b)

Figure 18. Radiation patterns for the proposed Vivaldi antenna obtained by simulation and
measurement at 45GHz in the planes (a) ϕ = 0◦ and (b) θ = 90◦.

planes ϕ = 0◦ and θ = 90◦. The radiation patterns obtained by simulation and measurement are
depicted in Figure 18 showing good agreement.

6.4. Frequency Response of the Antenna Gain

The frequency response of the maximum gain obtained by the proposed Vivaldi antenna is presented
in Figure 19. The antenna gain is measured following the method described in [20] and [21]. The
experimental measurements show good agreement with the simulation results. It is shown that the
maximum gain increases with increasing the frequency. The average values of the maximum gain over
the first, second, third, and fourth frequency bands are about 6, 9, 11.4, and 12 dBi, respectively. Thus,
like a multiband antenna, the gain of the proposed Vivaldi antenna increases with increasing the mode
order of the near field.

The realized antenna gain is degraded over the frequency ranges of impedance-mismatch which
are the frequency bands complementary to those listed in Table 3. Figure 20 presents a comparison
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Figure 19. Frequency dependence of the gain
of the proposed Vivaldi antenna over the entire
frequency range (20–60GHz).

Figure 20. Frequency dependence of the gain in
comparison to the realized gain of the proposed
Vivaldi antenna over the entire frequency range
(20–60GHz).

between the gain and the realized gain over the entire frequency range (20–60GHz). It is shown that
the realized gain is degraded around the frequencies 20, 30, 40, 50, and 60GHz, i.e., the realized gain is
degraded outside the four bands for which the antenna is designed to operate.

6.5. Frequency Response of the Antenna Efficiency

The variation of the radiation efficiency of the proposed multiband Vivaldi antenna with varying the
frequency is presented in Figure 21. The radiation efficiency is measured following the method described
in [20] and [21]. The experimental measurements show good agreement with the simulation results. It is

Figure 21. Frequency dependence of the
radiation efficiency of the proposed Vivaldi
antenna over the entire frequency range (20–
60GHz).

Figure 22. Frequency dependence of the
radiation efficiency in comparison to the total
efficiency of the proposed Vivaldi antenna over the
the four frequency bands.
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shown that the radiation efficiency decays with increasing the frequency with a very slow rate. However,
the radiation efficiency is higher than 93% over all the operable frequency bands. This means that most
of the power accepted at the antenna port is actually radiated to the far zone.

The total antenna efficiency is degraded over the frequency ranges of impedance-mismatch which
are the frequency bands complementary to those listed in Table 3. Figure 22 presents a comparison
between the total efficiency and the radiation efficiency over the entire frequency range (20–60GHz).
It is shown that the total efficiency is degraded around the frequencies 20, 30, 40, 50, and 60GHz, i.e.,
the total efficiency is degraded outside the four bands for which the antenna is designed to operate.

7. SUMMARY AND COMPARISON WITH OTHER PUBLISHED WORK

The dimensions and the performance of the proposed Vivaldi antenna in comparison to other antennas
proposed in some recent publication for operation in the millimeter range of the electromagnetic wave
are summarized in Table 4. The presented performance measures are the frequency bands of operation,
the bandwidth of impedance matching, maximum gain, and radiation efficiency.

The advantages of the proposed antenna design can be summarized as follows.

- The Vivaldi antenna proposed in the present work is the only antenna among those presented in
the publications that can operate over four frequency bands for millimeter-wave applications with
high gain and high radiation efficiency.

- Loading the antenna arms by parasitic rings through a semicircular slot is a novel method for gain
enhancement of printed Vivaldi antennas.

- A novel microstrip line/parallel-strip line balun has been designed for wideband impedance
matching.

- The proposed antenna has much smaller size than the other Vivaldi antennas presented in the
recent publications to provide high gain and multiple frequency bands.

However, the following can be reported upon the comparisons listed in Table 4.

Table 4. List of comparative performance with other high-gain millimeter-wave printed Vivaldi
antennas available in some recent publications.

Work
Dimensions

(mm× mm× mm)

Frequency

Band

(GHz)

Bandwidth

(GHz)

Maximum

Gain

(dBi)

Radiation

Efficiency

(%)

[4] 122× 66× 7.7 4.2–50 45.8 16 NA

[8] 6.67× 3.2× 0.133 24–30 6 13.8 98

[9] 66×110×1.575 6–26.5 20.5 9 NA

[10] 66× 140× 1.5 5.5–27 21.5 12 NA

[11] 50× 66.4× 1 4–30 26 5 NA

[19] 15× 6× 0.5
23.4–31

35.4–45

7.6

9.6
NA 88–98

[20] 90× 40× 0.508 3.4–40 36.6 14 NA

[22] 40× 24× 1.6 24.7–34.5 9.8 9.53 NA

[23] 45× 20× 0.8 4.2–45 40.8 11.4 NA

[Present] 23× 17.9× 0.25

22.0–27.7

32.0–37.5

41.5–46.6

51.7–56.7

5.7

5.5

5.1

5.0

9.0

10.2

11.4

12.0

98

97

95

93
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- The Vivaldi antennas proposed in [8] and [19] are more compact than the antenna proposed in the
present work.

- The Vivaldi antennas proposed in [8] and [20] have higher gain that of the antenna proposed in the
present work.

8. CONCLUSION

The present work proposes a novel geometrical design of a compact Vivaldi antenna that is printed
on the opposite faces of a thin dielectric substrate. It has been shown that the proposed antenna
can operate as a quad-band antenna for millimeter-wave applications. To maximize the gain within a
selected frequency band, each arm of the Vivaldi antenna is loaded by a ring-shaped parasitic element.
The dimensions and location of the parasitic ring have been optimized to produce the maximum gain.
The antenna has been fabricated and subjected to performance evaluation through measurements. The
measurement show good agreement with the simulation results. It has been shown that the antenna
impedance is matched over the four frequency bands: 22.0–27.7GHz, 32.0–37.5GHz, 41.5–46.6GHz, and
51.7–56.7GHz. The corresponding bandwidths are 5.7, 5.5, 5.1, and 5.0GHz, respectively with percent
bandwidths of 23%, 16%, 11.6%, and 9.2%, respectively. The corresponding values of the maximum
gain are 6, 9, 11.4, and 12 dBi, respectively. Also, the corresponding values of radiation efficiency are
98%, 97%, 95%, and 93%, respectively. In spite of its compact size, the achieved gain is 12 dBi at
55GHz and shows excellent stability over the entire frequency band that is selected for optimization.
The novelty aspects of the proposed antenna design can be summarized as follows. The Vivaldi antenna
proposed in the present work is the only antenna among those presented in the publications that can
operate over four frequency bands for millimeter-wave applications with high gain and high radiation
efficiency. Loading the antenna arms by parasitic rings through a semicircular slot is a novel method
for gain enhancement of printed Vivaldi antennas. A novel microstrip line/parallel-strip line balun has
been designed for wideband impedance matching. The proposed antenna has much smaller size than the
other Vivaldi antennas presented in the recent publications to provide high gain and multiple frequency
bands.
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