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ABSTRACT: A compact quasi-Yagi antenna with ultra-wideband and high-gain characteristics is proposed. The design incorporates
a conical dielectric cover, a horn reflector, and gradient-shaped Yagi elements. The conical dielectric cover and horn reflector work
together to enable high-gain performance, while the arcuate gradient dipole provides a bandwidth of 62% (6.9–13.1GHz). Measured
results indicate a peak gain of 17.5 dBi and a maximum side-lobe level (SLL) of −13.5 dBi. Compared to conventional printed Yagi
antennas of similar length, this integrated antenna offers wider bandwidth, higher gain, and lower SLL. It is particularly suitable for
tunnel communication and radar detection systems.

1. INTRODUCTION

The rapid expansion of wireless communication systems has
led to a growing demand for antennas with enhanced gain,

broad bandwidth, and high radiation efficiency. Among vari-
ous antenna designs, quasi-Yagi antennas stand out due to their
high directivity, cost-effective fabrication, and compact form
factor. Since the introduction of the Yagi antenna in 1929,
numerous variants have been extensively developed and re-
fined [1]. To further enhance performance, researchers have
proposed various innovations and optimizations in multiple as-
pects [2–4].
Recent studies have shown that layout optimizations and

structural refinements in Yagi antennas can extend their relative
bandwidth by 20%–50% compared to conventional designs [5–
7]. For example, a folded dipole feed mechanism enables
dual-mode operation with multi-resonant impedance matching,
achieving a peak gain exceeding 3.9 dB and a 20% fractional
bandwidth in both modes [8]. Additionally, further miniatur-
ization through substrate-integrated folded elements enhances
the bandwidth to 48.7% while maintaining an average gain of
9.12 dBi [9]. However, challenges persist in suppressing side-
lobe levels and ensuring gain uniformity across ultra-wideband
operation.
Microstrip patches have been utilized to construct planar

microstrip-line quasi-Yagi antennas [10–13]. In [14], a planar
quasi-Yagi antenna incorporating parasitic pixelated strips was
designed, featuring microstrip line feeding. Measurement re-
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sults reveal that a single element achieves a 17.0% impedance
bandwidth (covering 5.0–5.9GHz) with a peak gain reaching
8.1 dBi. While printed Yagi antennas possess merits such as
straightforward integration and structural compactness, their
bandwidth nonetheless remains relatively constrained.
Integrating antennas with dielectric antennas has been ex-

plored to enhance their performance [15–21]. In [19], a long-
fed Yagi antenna enclosed within a dielectric cover is proposed,
effectively reducing the total length of the high-gain antenna.
The design achieves a maximum gain of 18 dBi, a side-lobe
level of −23.37 dB, and a relative bandwidth of 13.2%. While
notable improvements in gain and side-lobe suppression have
been achieved, the relative bandwidth remains limited, and the
overall antenna size is relatively large.
In this paper, a conical printed Yagi antenna with broadband

characteristics suitable for X-band applications is proposed. A
dielectric cover is introduced around the Yagi antenna to effec-
tively reduce the total length of the high-gain antenna. Addi-
tionally, a conical reflector and a conical dielectric cover are
designed to enhance the radiation characteristics of the printed
Yagi antenna in specific directions. As a result, within a foot-
print of λ× 1.9λ, the proposed antenna achieves an impedance
bandwidth of 62%, a side-lobe level (SLL) of −13.5 dBi, and
a maximum gain of 17.5 dBi. A prototype is fabricated and
measured, and the comparison between simulated and mea-
sured results demonstrates good agreement, validating the de-
sign methodology.
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2. BASIC ANTENNA STRUCTURE AND DESIGN

2.1. Design and Analysis of the Antenna
The designed antenna improves the active structure of the tradi-
tional Vivaldi antenna. First, the conventional feeder structure
of the Vivaldi antenna is removed, and microstrip-line feeding
is implemented. Then, to achieve impedance matching, metal
patches of the antipodal Vivaldi antenna are printed on both
sides of the dielectric substrate.
Better antenna radiation characteristics can be achieved

when the length of the asymptote is equal to the dielectric
wavelength. For an antipodal Vivaldi antenna, the opening
width of the exponential asymptote is typically half of the
corresponding dielectric wavelength at low frequencies [22].
Figure 1 illustrates the structure of the designed antipodal
Vivaldi antenna. The complementary structure of the antipodal
Vivaldi antenna is printed on an F4B dielectric substrate
(εr = 2.2, tan δ = 0.001, h = 0.5mm). The initial dimensions
of the antenna are determined using Eq. (1) and Eq. (2), which
define the coordinates of the inner and outer exponential
asymptotic slot lines, respectively.

y1 = a1e
b1x1 (1)

y2 = a1e
b2x2 + C (2)

FIGURE 1. Structure of antipodal Vivaldi antennas.

All symbolic variables appearing in Eqs. (1) and (2) are de-
fined in Table 1.
The technique of incorporating a curved director in front of

the active array is employed to further enhance the antenna gain.

TABLE 1. Definition of symbolic variables.

Symbol Definition Unit

x1, y1
Horizontal and vertical coordinates of
the outer exponential gradient curve mm

x2, y2
Horizontal and vertical coordinates of
the inner exponential gradient curve mm

a1
Initial amplitude parameter of

the outer exponential gradient curve mm

b1, b2
Curvature parameters of the outer

and inner exponential gradient curves /

C
Vertical offset constant of the

inner exponential gradient curve mm

Unlike a standard antipodal Vivaldi antenna, the director helps
direct the electromagnetic waves from the antenna aperture to-
ward the front of the dielectric substrate, resulting in minimal
reflections and improved transmission characteristics. To eval-
uate its effectiveness, simulations are conducted for the antipo-
dal Vivaldi antenna model with and without the loaded director,
and the corresponding results are presented in Figure 2.

FIGURE 2. Gain plot with and without loaded director.

As shown in Figure 2, the antenna gain exhibits an increas-
ing trend with rising frequency. In the low-frequency band of
6.9–9GHz, the gain fluctuation is approximately 1.5 dB. This is
because the energy of the Vivaldi antenna is primarily confined
to excitation within the dielectric substrate and limited by the
smaller radiation area, resulting in significantly reduced gain.
Conversely, in the high-frequency band of 10–12.4GHz, the
antenna’s slot-line structure is effectively excited, leading to an
expansion of the radiation area, which substantially increases
the gain compared to the low-frequency band [23].
It is also noted that with the addition of the director, the

gain fluctuations in the low-frequency range are reduced, while
a significant gain increase occurs in the high-frequency range
(10–12.4GHz). Without the director, the antipodal Vivaldi an-
tenna exhibits a gain of 10 dBi at 12.4GHz. However, with the
director, the gain increases to 14.4 dBi, a substantial increase
of 4.4 dBi. This demonstrates that the addition of a director can
significantly enhance the antenna gain.
Generally, as the number of directors in a Yagi antenna in-

creases, its gain also improves. With additional directors, the
coupling of energy from the active element to the directors in-
tensifies, enhancing the antenna’s ability to radiate in the for-
ward direction. However, the effectiveness of the directors di-
minishes once the number of directors exceeds a certain thresh-
old. This is because increasing the number of directors causes
the front end of the dielectric substrate to move further away
from the active dipole.
When the printed Yagi antenna is operated at a high fre-

quency of 13GHz, the relationship between the number of di-
rectorsN and radiation gainG is shown in Figure 3 for compar-
ison. As seen in the figure, the antenna gain is 8.7 dB when no
directors are added, and it increases as the number of directors
increases. The gain reaches 15.3 dBwhen 11 directors are used.
However, beyond this point, the gain increase slows down.
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FIGURE 3. Antenna radiation gain versus the number of director units
N .

This occurs because the director elements redirect the radi-
ated energy through electromagnetic coupling. The first 11 el-
ements are sufficient to effectively capture the vast majority
of energy and focus it forward. However, the energy conver-
sion efficiency drops sharply for any additional elements be-
yond this number. Concurrently, the spacing between direc-
tors approaches the half-wavelength critical value. When the
number of elements exceeds 11, the path difference between
the endmost director and the active dipole induces a phase re-
versal. This leads to the partial cancellation of energy due to
opposing phases. Consequently, increasing the number of di-
rectors not only fails to proportionally enhance the gain but may
also significantly enlarge the overall dimensions of the antenna
system. Hence, this paper concludes that the optimal number
of directors is 11.
In the final design of the printed Yagi antenna, the edge

profile of the dielectric substrate features a linearly tapered
gradient structure along the direction of maximum radiation,
while maintaining a constant substrate thickness. This ap-
proach minimizes impedance mismatch issues caused by the
substrate edges. Additionally, the curved shape of the active
dipole mimics the exponential taper curvature of the Vivaldi
antenna. This enables a traveling-wave current distribution
and smooth impedance transition, thereby achieving high gain
and low side lobes in the endfire radiation pattern. This de-
sign leverages the inherent broadband advantages of the Vivaldi
antenna while enhancing endfire performance through struc-
tural optimization. The spacing between the active and passive
dipoles is 0.1λ < r < 0.3λ, while the spacing between the
passive dipoles is 0.1λ < p < 0.4λ. The finalized simulation
model of the printed Yagi antenna is shown in Figure 4, and the
dimensions are provided in Table 2.

FIGURE 4. Structure of a printed Yagi antenna.

TABLE 2. Printed Yagi antenna dimensions.

Symbol Value (mm) Symbol Value (mm)
l1 5.3 d2 6.4
l2 25.5 d3 6.4
l3 90 d4 6.3
l4 15.9 d5 6.2
w1 3 d6 6.1
w2 28.5 d7 6.0
l 1.6 d8 5.9
p 6.7 d9 5.8
a 1.5 d10 5.7
r 12.5 d11 5.6
d1 6.4

2.2. Reflector Design
Despite achieving a gain exceeding 15 dBi at high frequencies,
the performance of the Yagi antenna remains suboptimal at low
frequencies. As a result, improving its low-frequency gain has
become a significant research challenge. In [27], an innovative
approach is introduced that integrates a designed printed Yagi
antenna with a metal reflector. This configuration enhances the
directionality of the antenna radiation, focusing it more effec-
tively along the +X-axis. As a result, the design modifica-
tion narrows the main lobe width and increases the gain of the
printed Yagi antenna, as shown in Figure 5.

FIGURE 5. Printed Yagi antenna model loaded with cylindrical reflec-
tor.

The antenna consists primarily of a printed Yagi antenna em-
bedded in a metal reflector. The active dipole of the printed
Yagi antenna is positioned approximately 1/4 wavelength away
from the reflector. Themetal reflector is hollow, and the bottom
of the reflector features a rectangular groove used to secure the
structure of the printed Yagi antenna. Figure 6 compares the
simulated gain performance of the printed Yagi antenna with
and without the metal reflector.
From Figure 6, it can be observed that the gain at low fre-

quencies significantly increases with the addition of a metal re-
flector, rising from 4.5 dB to 10 dB at 7.4GHz, an improvement
of 5.5 dB. This increase is primarily due to the metal reflector
acting as a reflecting plate, redirecting the energy that would
have been radiated backward by the printed Yagi antenna for-
ward. This method greatly improves the antenna’s radiation ef-
ficiency, minimizing energy wastage. However, the change at
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FIGURE 6. Comparison of gains with and without loaded reflector.

high frequencies is less significant, and the gain does not con-
tinue to increase after the reflector is added. At a frequency
of 11.9GHz, the observed gain reduction is mainly attributed
to internal reflections within the metallic cavity after the intro-
duction of the metal reflector, which leads to energy dissipa-
tion. Nevertheless, the overall effect of the reflector is positive,
resulting in an improvement in gain.
The performance of an antenna is also influenced by the

shape of the metal reflector. To investigate this effect, gain sim-
ulations were conducted for both flared and cylindrical metal
reflector configurations using High-Frequency Structure Sim-
ulator (HFSS). The comparative results are shown in Figure 7.

FIGURE 7. Comparison of gain between loaded horn reflector and
loaded cylindrical reflector.

As shown in Figure 7, the horn reflector demonstrates higher
gain than the cylindrical reflector within the operational fre-
quency band. At 7GHz, the low-frequency gains of the two
reflectors are equal. As the frequency increases, the horn re-
flector provides better gain, with the maximum gain difference
reaching 0.8 dB at 10.5GHz. However, as the frequency con-
tinues to increase, the gain of both reflectors decreases. When
the frequency exceeds 12GHz, the gain of both reflectors grad-
ually increases again.
The final model of the reflector, shown in Figure 8, is made

of aluminum and features an internally hollow structure. The
dimensions of the horn reflector were determined through sim-
ulations, and the specific values are provided in Table 3.

(a) (b)

FIGURE 8. Horn reflector model. (a) Back. (b) Front.

TABLE 3. Dimensions of horn reflectors.

Symbol Value (mm) Symbol Value (mm)
D1 56 L2 1
D2 8 L3 20
D3 43.4 L4 2
D4 50 d 3
D5 19 L 28.5
D6 58 S 0.5
L1 4 P 5.5

The radiation patterns of the printed Yagi antenna were sim-
ulated at frequencies of 7, 8, 9, 10, 11, 12, and 13GHz in both
the E-plane and H-plane configurations after incorporating a
metal reflector. The simulation results are shown in Figure 9.
The radiation pattern indicates a gradual increase in gain with

rising frequency, with a slight reduction at 12GHz before con-
tinuing to increase beyond this point. At the low frequency of
7GHz, it is observed that there is no side-lobe level (SLL) in the
H-plane directional diagram. As the frequency increases, the
SLL gradually rises. At 13GHz, the antenna exhibits the high-
est SLL, reaching 8.3 dB. Meanwhile, the E-plane directional
diagram shows that the SLL is relatively small in the frequency
range from 7GHz to 12GHz. At 13GHz, the highest SLL is
observed, reaching −2.5 dB.
Thus, it is evident that the printed Yagi antenna exhibits sta-

ble performance across a wide bandwidth and can meet the re-
quirements for directional radiation. However, it also has the
disadvantage of high SLL at higher frequencies.

2.3. Design and Analysis of Dielectric Rods
Based on the above study, it is evident that although the printed
Yagi antenna achieves broadband high gain, the SLL remains
relatively high, particularly at higher frequencies. Therefore,
reducing the SLL of the printed Yagi antenna becomes a crucial
task. As well known, a dielectric rod can cause the outwardly
dispersing wave beam to converge, allowing the wave traveling
along the medium to gradually transition from a bound wave to
a free-space wave, resulting in high gain and reduced SLL.
Figure 10 illustrates the broadband printed Yagi antenna

loaded with a cylindrical dielectric rod, primarily designed to
reduce high-frequency SLL and improve gain. In this configu-
ration, the printed Yagi antenna is placed inside a hollow cylin-
drical dielectric rod. The dielectric substrate of the printed Yagi
antenna is linearly tapered, and the bottom of the antenna is
loaded with a flared metal reflector to further increase the gain.
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(a) (b) (c) (d)

(e) (f) (g)

FIGURE 9. Radiation direction of theE/H plane of the printed Yagi antenna at 7–13GHz. (a) 7GHz, (b) 8GHz, (c) 9GHz, (d) 10GHz, (e) 11GHz,
(f) 12GHz, (g) 13GHz.

FIGURE 10. Broadband printed Yagi antenna loaded with cylindrical
dielectric rods.

To validate the hypothesis that incorporating a dielectric rod
enhances antenna gain while suppressing high-frequency side-
lobe levels (SLLs), simulations were conducted both with and
without a cylindrical dielectric rod at an operating frequency of
13.2GHz. The comparative results are shown in Figure 11.

FIGURE 11. Plot of simulation results with and without loading cylin-
drical dielectric rods.

Without the dielectric rod, the antenna gain is 15.3 dBi,
which increases to 16.5 dBi when the dielectric rod is added,
resulting in a total gain improvement of 0.8 dBi. This indicates
that the addition of the dielectric rod enhances both the gain and
radiation directional pattern of the printed Yagi antenna while
maintaining the same overall size.
Furthermore, Figure 11 shows that the unloadedYagi antenna

has a higher SLL of −7.2 dB. However, when the cylindrical
dielectric rod is introduced, the SLL decreases to−11 dB. This
reduction confirms that loading the antennawith a dielectric rod
effectively enhances gain and suppresses SLL.
Loading a cylindrical dielectric rod can enhance antenna

gain, but the radiation characteristics vary with the rod’s shape
profile. To further optimize the radiation performance, we ex-
perimented with dielectric rods of different shapes and con-
ducted a comparative performance analysis. The rod types em-
ployed in the experiments include stepped, tapered, triangular-
wave periodic, and cylindrical ones, with their specific profiles
illustrated in Figure 12.
Figure 13 presents the simulation results of four differently

profiled dielectric rods operating at 13.2GHz. The analysis re-
veals that the tapered dielectric rod, owing to its gradient struc-
ture, facilitates a smoother electromagnetic wave transition
from the dielectric to free space. This effect effectively reduces
reflection loss and focuses energy in the main lobe direction,
ultimately achieving a high gain of 17.5 dBi while suppress-
ing the SLL to −13.5 dBi. In contrast, although the stepped
configuration yields higher gain, its side-lobe performance de-
grades significantly. Both the cylindrical and triangular-wave
periodic structures underperform the tapered rod in terms of
gain and side-lobe suppression. Considering the overall per-
formance balance, the tapered dielectric rod was selected to en-
hance gain and reduce side lobes.

247 www.jpier.org



Wang et al.

(a)

(b)

(c)

(d)

FIGURE 12. Shape of dielectric rods. (a) Stepped dielectric rod. (b) Tapered dielectric rod. (c) Trigonometric dielectric rod. (d) Cylindrical dielectric
rod.

FIGURE 13. Simulation results of gain for different dielectric rods.

Side lobe suppression primarily benefits from the energy fo-
cusing effect occurring during wave propagation throughmedia
with different permittivities. Furthermore, as the rod profile
gradually narrows, the structure’s directivity increases, effec-
tivelymitigating reflections caused by abrupt terminations. The
adopted tapered dielectric rod model, fabricated from low-loss
Teflon material (relative permittivity ε = 2.1), is illustrated in
Figure 14.

FIGURE 14. Tapered dielectric rod model.

Although the tapered dielectric rod can reduce the side-lobe
level (SLL), a smaller size is not always better. To ensure the
dielectric rod operates in the fundamental mode, its maximum
diameter (Dmax) must satisfy the condition given in Eq. (3),
and its minimum diameter (Dmin) must satisfy the condition in
Eq. (4). Here, εr2 represents the relative permittivity of the di-
electric rod.

TABLE 4. Media rod dimensions.

Symbol Value (mm) Symbol Value (mm)
R1 46 R5 36
R2 38 L1 18
R3 34 L2 92
R4 32 L3 2

After optimization using HFSS software, the final dimen-
sions of the dielectric rod are provided in Table 4.

Dmax =
λ0√

π (εr2 − 1)
(3)

Dmin =
λ0√

2.5π (εr2 − 1)
(4)

3. ANTENNA OVERALL STRUCTURE SIMULATION
AND ACTUAL MEASUREMENT
The preceding section detailed the design process for a printed
Yagi antenna, a flared metal reflector, and a tapered dielectric
rod. By integrating these components, we developed a broad-
band, high-gain, low-SLL printed Yagi antenna tailored for X-
band applications. The structural diagram of the designed an-
tenna is presented in Figure 15. The distance from the feed port
to the reflector is denoted as d, and the impedance bandwidth
can be adjusted by modifying the size of d. The overall dimen-
sions of the antenna are 117mm × 58mm × 58mm, and the
antenna is both easy to design and low in cost.

FIGURE 15. Antenna simulation structure.
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Based on the antenna structure schematic and the optimized
dimensions provided earlier, a prototype of the printed Yagi
antenna was fabricated. The antenna ports were fitted with
SMA connectors to facilitate power feeding. Subsequently, the
performance of the manufactured antenna samples was evalu-
ated to validate both the design approach and the accuracy of
the simulation results for the broadband, high-gain, low-profile
printed Yagi antenna proposed in this paper.
Figure 16 presents the physical drawings of the components

of the designed antenna, which primarily include the printed
Yagi antenna, tapered dielectric rod, and flared metal reflec-
tor. The printed Yagi antenna is fabricated using Printed Circuit
Board (PCB) technology, while the dielectric rod and reflector
are fabricated using 3D printing technology. All components
are integrated to form a broadband, high-gain, low-SLL printed
Yagi antenna for X-band applications.

FIGURE 16. Printed Yagi antenna processing diagram.

Clearly, the structure and fabrication process of this printed
Yagi antenna are simple, offering significant advantages for en-
gineering applications.
Using a vector network analyzer, we obtained the |S11| pa-

rameters of the antenna, and its amplitude profile is shown in
Figure 17. The results demonstrate that the measured −10 dB
impedance bandwidth of the antenna is 62% (6.9–13.1GHz),
while the simulation results indicate a−10 dB impedance band-
width of 63% (6.9–13.2GHz). The experimental results show
good consistency with the simulation ones, verifying the relia-
bility and validity of the design. The primary target band cov-
ered by this antenna is the X-band (8–12GHz), making it highly
suitable for high-gain applications within the X-band frequency
range.

FIGURE 17. Simulated and measured results of antenna |S11|.

Using the near-field measurement system, we obtained nor-
malized radiation patterns of the antenna at 7, 8, 9, 10, 11, 12,
13, and 13.2GHz for both the measured and simulatedE-plane
andH-plane configurations. The measurement photograph and
results are shown in Figures 18 and 19, respectively.

FIGURE 18. Near-field measurement environment.

From the figures, it can be observed that, at the iso-frequency
points of 7–9GHz, the beam exhibits a pencil-like shape with
good directionality, a wider beam, and no obvious side-lobe
level (SLL). As the frequency increases, the directionality im-
proves in both the middle and high-frequency bands; the beam
narrows; and the gain increases, but the SLL also rises. At the
high operational frequency of 13.2GHz, the antenna shows its
highest SLL in theE-plane andH-plane, reaching−18 dB and
−13.5 dB, respectively. This phenomenon is primarily due to
the excitation of high-frequency waves by the narrow end of
the slot line. When the substrate thickness matches the width
of the slot line and operates at such high frequencies, the elec-
tromagnetic wavelength decreases. As a result, the conduction
region of the feed portion becomes relatively elongated, lead-
ing to increased dielectric loss. These dual losses contribute to
reduced energy directionality towards the end-fire orientation.
By comparing the E-plane and H-plane radiation patterns,

it is evident that the SLL in the H-plane consistently exceeds
the SLL in the E-plane, regardless of whether the antenna op-
erates at high or low frequencies. This discrepancy is mainly
due to the excessive radiation from both sides of the dielectric
substrate. Additionally, the antenna’s cross-polarization values
are −29.5 dB, −23 dB, and −19.5 dB at 7GHz, 10GHz, and
13GHz, respectively. These values indicate that the antenna’s
main polarization is stronger, resulting in more efficient radi-
ated energy.
Table 5 presents a comparison between the antenna designed

in this paper and those from related literature. In [24], a printed
Yagi antenna is proposed that uses consumable dielectrics to
achieve high gain by loading a double-helix antenna within a
dielectric antenna. However, it has a relatively small size and
a narrow impedance bandwidth of only 6%. Moreover, the an-
tenna gain is quite low, at just 9.5 dBi.
In comparison, [25] introduces an innovation in reducing

side-lobe level (SLL). This antenna achieves dual-polarized
feeding using a square metal waveguide and a conical horn.
While the SLL reaches−25 dB, the antenna’s structure is more
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TABLE 5. Antenna performance comparison.

Literature Polarization Mode Frequency (GHz) Impedance Bandwidth (%) Peak Gain (dBi) SLL (dB) Size (λ2
0)

[8] Single polarization 23–28 20 4.9 / 0.56× 1.6

[19] Single polarization 8.5–9.7 13.2 18 −23.37 7.7× 0.9

[25] Single polarization 23.5–24.5 7 11.5 −25 7.7× 0.9

[26] Dual polarization 3.1–10.6 8/7 11.5 −25 8× 4.5

[27] Single polarization 26.45–29.25 10 9.45 / /
This paper Single polarization 6.9–13.1 63 17.5 −13.5 4× 1.9

(a) (b) (c) (d)

(e) (f) (g) (h)

FIGURE 19. Simulated and measured radiation directions of printed Yagi antenna. (a) 7GHz, (b) 8GHz, (c) 9GHz, (d) 10GHz, (e) 11GHz, (f)
12GHz, (g) 13GHz, (h) 13.2GHz.

complex and larger, and the impedance bandwidths of the dual
ports are still very narrow at 7% and 8%, respectively, limit-
ing its practical use. Ref. [19] proposes a printed Yagi antenna
featuring high gain and low side-lobe characteristics. This de-
sign integrates a printed Yagi antenna with a dielectric rod,
achieving a peak antenna gain of up to 18 dBi, with the highest
side-lobe level at −23 dB. However, it suffers from a narrow
impedance bandwidth of 13.2%, and the overall dimensions of
the antenna are relatively large.
The antenna proposed in this paper implements multidimen-

sional optimizations based on the design foundation of [19]. In
terms of radiating element design, a antipodal Vivaldi curved-
gradient dipole is adopted as the active unit. Its exponentially
tapered slotline structure significantly expands the impedance
bandwidth to 63% by exciting a multi-resonance traveling-
wave radiation mechanism (representing a 4.8-fold improve-
ment over the 13.2% in [19]). The cylindrical reflector of [19]
is replaced with a tapered horn-shaped metallic reflector, which
reconstructs backward radiation energy through a tilted cav-
ity structure to enhance mid-band gain. By optimizing the di-
electric rod profile, the discrete triangular periodic structure
is upgraded to a continuous linear gradient, achieving smooth
electromagnetic wave transition from dielectric to free space,
thereby increasing gain and suppressing side lobes. The final

antenna exhibits characteristics of wide bandwidth, compact
structure, high gain, and low SLL, achieving breakthroughs in
both comprehensive performance and engineering practicality.

4. CONCLUSIONS
This paper presents a broadband, high-gain, low SLL printed
Yagi antenna designed for X-band operation. The antenna con-
sists of three primary components: a broadband printed Yagi
antenna element, a flared metallic reflector, and a tapered di-
electric rod. The broadband characteristic is achieved by using
an antipodal Vivaldi element as the active dipole, while the gain
is enhanced by incorporating 11 parasitic director dipoles posi-
tioned in front of the active dipole. To improve the gain at low
frequencies, a horn-type reflector is added at the feed, ensuring
stable gain across the entire frequency band. Additionally, a ta-
pered dielectric rod is positioned at the outermost side, further
increasing the antenna’s gain while reducing the side-lobe level
(SLL).
The antenna demonstrates a compact size, wide bandwidth,

high gain, low SLL, stable radiation direction, and excellent
end-to-end radiation performance, all within a simple structure
that is easy to fabricate. These characteristics make it suitable
for practical applications. To validate the performance stability
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and reliability, the antenna prototype was fabricated and tested.
After data collection and analysis, the measured results closely
match the simulated ones, confirming the antenna’s design ef-
fectiveness. Comparative analysis with similar antenna struc-
tures shows that the proposed antenna outperforms others in key
areas, highlighting its advantages in terms of both performance
and design simplicity.
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