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 ABSTRACT 

 
In this paper, a 2 × 4 planar horn antenna arrays for high power microwave (HPM) 
system applications is introduced. The pyramidal, E-plane-plane, H-plane and the two 
plates of horn antenna element are analyzed using HFSS. The pyramidal horn is arrayed 
in a 2 × 4 configuration structure to obtain a high gain for HPM applications. The 
proposed horn antenna has aperture of 457.2 ×457.2 mm2 and feeding aperture of 
19.05 ×19.05 mm2 with 1524 mm axial distance between feeder and antenna aperture. 
The two 1.58 thickness copper plates of the antenna flared and supported using 11 
rods of artelon dielectric material of εr= 3. The antenna introduces RL=-35 dB, VSWR=1, 
Zin=50 Ω, BW=4 GHz and gain of 24 dB at 10 GHz operating frequency. 
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1. Introduction 
 

High Power Microwave (HPM) systems have gained significant attention in recent research due 
to their potential applications in military, medical, and industrial sectors. A crucial requirement for 
an HPM system is the combination of a high-gain antenna and a high-power source to achieve 
effective radiated power. Various antenna designs have been explored for HPM applications, 
including helical antennas, horn antennas, and reflectors. These antennas are preferred due to their 
robust structures, which allow them to handle extremely high power without significant performance 
degradation. Among them, the horn antenna is widely utilized due to its high-gain characteristics, 
although its relatively large size remains a challenge in certain applications [1-4]. 
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The conventional approach in HPM systems involves using a single very high-power source with 
a high-gain antenna. However, developing such a high-power source is expensive and complex. An 
alternative approach is to use an array of medium-power sources combined with an array of 
antennas, which allows for power distribution while maintaining high radiation efficiency. This 
approach is particularly beneficial for cost reduction and ease of implementation in HPM system 
design. Additionally, the demand for wideband applications has increased, making broadband 
antenna designs more crucial than ever. Recent studies have explored various antenna 
configurations, emphasizing their role in modern communication, radar, and sensing applications. 

Horn antennas are extensively employed in wireless communications for RF microwave signal 
transmission and reception. Beyond communications, they have applications in biomedicine, 
nondestructive testing, electromagnetic sensing, and heating. The design of horn antennas typically 
includes conical, pyramidal, E-plane, H-plane, and two-plate configurations, each suited for specific 
applications. Among these, the pyramidal horn antenna is highly favored due to its simple structure, 
high directivity, wide bandwidth, low return loss, and low Voltage Standing Wave Ratio (VSWR) [5-
7]. These characteristics make pyramidal horn antennas a preferred choice for HPM applications, 
where high directivity and power-handling capability are critical [8-12]. 

Antenna arrays play a crucial role in enhancing radiation characteristics such as gain, beamwidth, 
and directivity. Recently, the development of horn array antennas for commercial and military HPM 
applications at microwave and millimeter-wave frequencies has gained momentum [13-18]. Antenna 
arrays allow for greater flexibility in designing radiation patterns, gain, and phase distributions, 
making them highly adaptable for diverse applications such as radar, satellite communication, and 
radio astronomy. Additionally, horn antennas serve as feeding elements for larger antenna 
structures, including reflectors and lens antennas, further expanding their applications [19-24]. 

In HPM systems, waveguides are commonly used for feeding antennas due to their high power-
handling capacity and minimal RF losses. Waveguides ensure efficient transmission of microwave 
energy, making them suitable for high-frequency applications. Rectangular waveguides, in particular, 
are widely employed as feeders for Ultra-High Frequency (UHF) antennas, as well as in waveguide 
bends, twists, and connecting segments [23-26]. 
 
1.1 Knowledge Contribution 

 
Despite extensive research on horn antennas, limited studies have explored the integration of 

pyramidal horn arrays specifically for HPM applications. In this paper, a 2 × 4 planar horn antenna 
array operating at 10 GHz for HPM applications is introduced. The design utilizes pyramidal horn 
antennas, which are simulated and analyzed using HFSS to evaluate their performance in terms of 
gain, directivity, and radiation efficiency. The proposed array configuration offers an optimized 
radiation pattern, enhanced directivity, and improved power-handling capability, making it a suitable 
candidate for future HPM system implementations. This study contributes to the field by proposing 
an effective array-based horn antenna design tailored for HPM applications, addressing the 
challenges of power distribution and high-frequency efficiency [28-41]. 

HPM systems require specialized antennas capable of handling extreme power levels while 
maintaining high efficiency. Traditional antenna choices for HPM include helical antennas, reflectors, 
and horn antennas. Among these, horn antennas are widely used due to their ability to sustain high 
power levels, their simple structure, and their broad bandwidth. Various studies have explored the 
use of conical and pyramidal horn antennas in HPM applications, demonstrating their effectiveness 
in providing high directivity and stable radiation patterns. However, research gaps remain in 
optimizing their design for enhanced radiation efficiency and power-handling capacity. 
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Horn antennas have been extensively studied in the context of wireless communication, radar, 
and electromagnetic sensing. Their ability to operate over a wide frequency range without exhibiting 
strong resonances makes them ideal for broadband applications. Recent studies have focused on 
improving the gain and efficiency of horn antennas through advanced feeding techniques and 
optimized waveguide structures. The use of pyramidal horn antennas has gained particular interest 
due to their ease of fabrication, high gain, and low VSWR. 

To achieve high power radiation without relying on a single high-power source, antenna array 
configurations have been proposed. These configurations utilize multiple radiating elements to 
enhance directivity and gain while distributing power efficiently. In particular, horn antenna arrays 
offer a compelling solution for HPM applications by combining multiple medium-power sources. 
Recent research has demonstrated the effectiveness of planar horn arrays in achieving beam-shaping 
and directional control, making them suitable for applications in radar, satellite communication, and 
HPM-based defense systems. 

Efficient feeding mechanisms are crucial for ensuring minimal power loss in HPM systems. 
Waveguides are commonly used due to their low attenuation and ability to handle high power levels. 
Rectangular waveguides, in particular, are widely employed as feeding structures for UHF and 
microwave antennas. Advanced waveguide designs incorporating bends and twists have been 
explored to optimize energy transfer between the transmitter and antenna array. 

Although horn antennas and antenna arrays have been extensively studied, limited research has 
focused on their application in HPM systems operating at high frequencies (10 GHz and beyond). The 
integration of pyramidal horn antennas in a planar array configuration offers significant advantages, 
including improved gain, directivity, and power-handling capacity. This study aims to bridge this 
research gap by introducing a 2 × 4 pyramidal horn arrays for HPM applications, providing a novel 
solution for power-efficient and high-performance microwave systems. 
 
2. Methodology and Results 
2.1 The Horn Antenna Element 
 

A waveguide is a hollow conducting tube that transmits electromagnetic energy from one place 
in space to another in an effective manner. Various guiding structures exist, including common 
coaxial cable, two-wire and microstrip transmission lines, hollow conducting waveguides (rectangular 
& cylindrical), and optical fiber. The preferred operating frequency band, the quantity of power to be 
transmitted, and the level of transmission losses that may be allowed all influence the choice of 
structure. Rectangular waveguides are one of the waveguide forms that are used to transmit 
enormous quantities of microwave power at extremely high frequencies. Waveguides are still 
necessary in many applications, including high-power systems, millimetre wave systems, feeding 
antennas, horn antennas and several precision test applications [25-27]. Since there is only one 
conductor, the hollow rectangular waveguide can only propagate TM and TE waves, TEM waves 
cannot. We will see that, like the TM and TE modes of the parallel plate guide, the TM and TE modes 
of a rectangular waveguide have cutoff frequencies below which propagation is not conceivable. The 
horn antenna is one of the most extensively antenna used and most basic type of microwave antenna 
belongs to the aperture antenna family. An antenna that is used to send electromagnetic waves from 
a waveguide into space or receive electromagnetic waves through a waveguide is known as a horn 
antenna [22-27]. Between the waveguide feeder and free space, it could alternatively be thought of 
as the impedance matching device. A waveguide and a conical or pyramidal, E-plane, H-plane and 
the supported two plates horn are the components of this type of antenna. These types of antennas 
consist of a flare and a rectangular waveguide. The horn antenna should have a big aperture to 
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produce high gain. On the other hand, directivity and aperture size are dependent on gain and 
operating frequency, respectively. One of the metrics that is frequently used as a measure of merit 
to define an antenna's performance is directivity. By forming the highest radiation, directivity is 
discovered [21-27]. The Waveguide, aperture, and flared angle designs are all part of the design of 
various horn antennas. The antenna was simulated using the HFSS simulator to acquire results once 
all parameters had been established and all components had been designed. 

 
2.1.1 Waveguide Feeding and Radiating Element 
 
Pyramidal TE and TM wave functions can be used to describe the fields inside the horn. In a 
rectangular waveguide, radio waves can propagate in a variety of distinct modes. The predominant 
method of transverse electromagnetic propagation is chosen for our purposes. The TE10 mode in a 
rectangular waveguide has the lowest attenuation of any mode, and its electric field is vertically 
polarized. To determine the waveguide's dimensions, we must determine the cut-off frequency for 
the dominant mode using (1) of propagation [25]. For maximum power transfer, the width of the 
rectangular waveguide must be twice that of its height (a=2b), and the total length of the waveguide 
L=0.75 λg as shown in Figure 1 where the cutoff wavelength and the guided wavelength calculated 
using (2) and (3). For waves to propagate inside the waveguide, the cutoff frequency must be lower 
than the mode of propagation [25-26]. This is why the operating frequency must be one and a half 
of the cutoff frequency. The radiating element's design shown in Figure 1 is a crucial component of 
the overall scheme. Eq. (2) and Eq. (3) were used in the design of this component to cut-off and guide 
wave lengths. 
 

𝑓𝐶𝑇𝐸𝑚,𝑛 =
1

2𝜋√𝜇𝜀
√(

𝑚𝜋

𝑎
)

2
+ (

𝑛𝜋

𝑏
)

2
           (1) 

𝜆𝑐 =
𝑐

𝑓𝑐
                 (2) 

𝜆𝑔 =
𝜆

√1−(
𝑓𝑐
𝑓

)
2
               (3) 

 

 
Fig. 1. Figure with short caption (caption centred) 

 
2.1.2 Aperture Design Methodology 

 
The pyramidal horn is also referred to as a standard gain horn because it is frequently used as a 

benchmark to assess the gain of other antennas. The intended gain G0 and the dimensions a, b of 
the rectangular feed waveguide are often known when designing a pyramidal horn. The design's goal 
is to identify the final dimensions shown in Figure 2 (a1, b1, e, h, Pe, and Ph) that will result in the 
greatest gain [11]. 
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(a) 

(b) 

(c) 

Fig. 2. The 3D view and horn antenna element dimensions (a) 
pyramidial (b) E-Plane sectored and (c)H-Plane sectored 

 

The horn antenna design structures [11] using mathematical calculation for the proposed 
antenna are summarized assuming that G0=26 as a desired horn antenna gain as:  
 

 i. First step is to calculate the χ value which satisfies the desired gain G0=26 (dimensionless) 
using Eq. (4).  

 

𝜒 (𝑡𝑟𝑖𝑎𝑙) = 𝜒1 =
𝐺0

2𝜋√2𝜋
                            (4) 

 
 ii. For a pyramidal horn to be physically realizable, Pe and Ph shown in Figure 2 must be equals. 

Using this equality, it can be shown that use iteration process to calculate χ value using Eq. 
(5). 

 

(√2𝜒 −
𝑏

𝜆
)

2
(2𝜒 − 1) = (
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2𝜋
√

3

2𝜋

1

√𝜒
−

𝑎

𝜆𝜆
)

2

(
𝐺0

2

6𝜋3

1

𝜒
− 1)         (5) 

 
 iii. Once the correct χ has been found, determine ρe and ρh using Eq. (6) and Eq. (7). 
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𝜌𝑒

𝜆
= 𝜒                            (6) 

 
𝜌ℎ

𝜆
=

𝐺0
2
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1

𝜒
)               (7) 

 
 iv. Find the corresponding values of a1 and b1 using Eq. (8) and Eq. (9). 

 

𝑎1 = √3𝜆𝜌2 ≅ √3𝜆𝜌ℎ =
𝐺0

2𝜋
√

3

2𝜋𝜒
𝜆             (8) 

 

𝑏1 = √2𝜆𝜌1 ≅ √2𝜆𝜌𝑒 = √2𝜒𝜆              (9) 

 
 v. The values of pe and ph are equals according to Eq. (10) and Eq. (11) for structure design. 

 

𝜌𝑒 = (𝑏1 − 𝑏) [(
𝜌𝑒

𝑏1
)

2

−
1

4
]

1/2

                       (10) 

 

𝜌ℎ = (𝑎1 − 𝑎) [(
𝜌ℎ

𝑎1
)

2

−
1

4
]

1/2

                      (11) 

 
 vi. In order to improve antenna directivity and match the impedance between the waveguide 

aperture and free space, the flare is used [11]. The total flare angle of the horn should be 
equal to 2ψ using Eq. (12). 

 

2Ψ𝑒 = 2𝑡𝑎𝑛−1 (
𝑏1/2

𝜌1
)                        (12) 

 
 vii. Since the overall efficiency of a horn antenna is about 50%, the gain of the antenna can be 

related to its physical area as a check, the gain of the designed horn was computed using Eq. 
(13) [11]. 

 

𝐺0 =
1

2

4𝜋

𝜆2
(𝑎1𝑏1) =

2𝜋

𝜆2 √3𝜆𝜌2√2𝜆𝜌1 ≅
2𝜋

𝜆2 √3𝜆𝜌ℎ√2𝜆𝜌𝑒                    (13) 

 
The main dimensions and parameters for the proposed horn antenna element with rectangular 

waveguide feeding and radiating element is tabulated in Table 1. 
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Fig. 2. The horn antenna element varities Return Loss [dB] 

 
Table 1 
The dimensions and parameters [mm] 
a b=a/2 a1 b1 L=3λg/4 Pe= Ph l=λg/4 

20.45 10.27 163 129 27.44 275 9.14 
d=λ/4 λ λc λg G[dB] 2Ψ [deg.] 

6.818 27.27 40.9 36.5 22.6 E-24.3 H-29 

 
The simulation results such as the return loss, the surface current distribution on the antenna 

surface, the antenna input real and imaginary impedance are introduced to determine the 
performance of antennas are shown in Figure 3 to Figure 4 for the proposed pyramidal, E-plane, H-
plane and the supported two plates horn. 

The proposed pyramidal, E-plane, H-plane and the supported two plates horn as structure 
varieties are compared and the comparison resulting in that the optimum    RL=-20.6, -31.4, -48.8 
and -20.6 at 12,11.8,8 and 12 GHz for varieties respectively shown in Figure 3.  

The proposed pyramidal, E-plane, H-plane and the supported two plates horn as structure 
varieties are compared from the view of impedance matching of optimum RL [dB] as shown in table 
II with the corresponding recommended operating frequency for each variety. 
 

Table 2 
The dimensions and parameters [mm] 
Antenna Varity Recommended Frequency [GHz] Return Loss [dB] 

Pyramidal 12 -20.6 
E-Plane Sectored 11.8 -31.4 
H-Plane Sectored 8 -48.8 
Two Plates 12 -20.6 
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(a) 

 
(b) 

 
(c) 

Fig. 3. The Jsurface [A/m] (a) pyramidial (b) E-Plane sectored 
(c) H-Plane sectored 

 

 
Fig. 4. The real and im. element input impedance [Ohm] 
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2.2 The Horn Antenna Arrays 
 

 
(a) 

 

 

 

 

 

 

 

 

 

 

 
(b)                                                        (c) 

 

 

Fig. 5. The two elements Array (a) the Feeding Dimensions (b) the 
Feeder Jsur. [A/m] (c) the two elements with Feeder Jsur. [A/m] 

 

An antenna array is essentially a collection of antennas that have been arranged to obtain the 
requisite magnitude and phase overall. They are used to obtain the radiation pattern and gain that 
the design calls for. By multiplying the array factor by the pattern of the unit elements, the array 
antenna pattern may be computed. Since consistently distributed current produces the maximum 
directivity in aperture antenna designs, the amplitude and phase distribution should be uniform to 
provide the highest directivity in planar antenna arrays. Rectangular waveguides are still employed 
in many applications today despite being one of the earliest designs of transmission lines for 
microwave transmissions. Commercially available parts include couplers, detectors, isolators, 
attenuators, slotted lines and feeding structures covering a range of standard waveguide bands from 
1 GHz to more than 220 GHz. The two output ports feeding line is designed with dimensions shown 
in Figure 6 (a) with the current distribution for the proposed feeder shown in Figure 5 (b) to feed the 
two elements antenna array with the current distribution shown in Figure 5 (c). 

The 1 × 4 linear horn array antennas are constructed using four output ports feeding line of 
dimensions shown in Figure 6 (a) with its current distribution on the surface of feeder shown in Figure 
6 (b). The feeder has a uniform feeding for each element constructing the 1x4 linear horn antenna 
array shown in Figure 6 (c). 
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(a) 

 

 

 

 

 

 

 

 

 
(b)                                                        (c) 

Fig. 6. The Linear Array (a) the Feeding Dimensions (b) the Feeder 
Jsur. [A/m] (c) the Linear Array with Feeder Jsur. [A/m] 

 

The 2 × 4 planar horn array antenna is constructed using two linear pyramidal horn antenna arrays 
spacing of 152.8 mm. Each array has four elements has been connected using eight output ports 
wave guide feeder of surface current distribution using HFSS over the surface of the proposed 
structure shown in Figure 7 (a) and Figure 7 (b). The uniform feeding is used for both amplitude and 
phase, Grid structure may be used to suppress grating lobes and improve the efficiency of the 
aperture. Figure 7 (c) showed the 4x4 planar horn arrays with the surface current distribution on 
surface for the proposed planar array. 
 

 
(a) 

 

 

 

 

(b)                                                             (c) 

Fig. 7. The Planarr Array (a) the Feeding Dimensions (b) the Feeder 
Jsur. [A/m] (c) the Planar Array with Feeder Jsur. [A/m] 
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The different varieties array has been designed, analyzes and simulated using HFSS and resulting 
in an impedance matching for the input impedance of the array antenna as shown in Figure 8 for 
both real and imaginary parts in ohm.  
 

 
Fig. 8. The Real and Im. Array Input Impedance [Ohm] 

 

 
Fig. 9. The Horn Antenna Array Varities Return Loss [dB] 

 
The two elements, linear and planar array as array varieties is compared using HFSS and the 

comparison resulting in that the optimum RL [dB]=-34.7, -33.9 and -32.9 at 9.99,8.99 and 9.8 GHz for 
varieties respectively as shown in Figure 9. The proposed two elements, linear and planar pyramidal 
arrays are compared for the optimum RL [dB] as shown in Table 3 with the recommended operating 
frequency for each array. 
 

Table 3 
The comparision of the Array Varities 
Antenna Array Varity Recommended Frequency [GHz] Return Loss [dB] 

Two Elements Array 9.991 -34.7 
Linear Array 8.99 -33.9 
Planar Array 9.801 -32.9 
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2.3 HPM Horn Antenna for Planar Array 
 

A high-gain antenna is required for the HPM for high effective radiated power. The proposed horn 
antenna, which has high-gain qualities and a huge size and its dimensions shown in Figure 10, is the 
element of the proposed planar array to meet the requirement of HPM applications. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 10. The HPM Horn Antenna dimensions (a) dimensions (b) Supported and 
Flaring Dielectric Rods (c) the 3D view 

 

The proposed horn antenna element for the planar array has an aperture of 457.2x457.2 mm2 
with 1524 axial distance. The feeding port has rectangular aperture of 19.05x19.05 mm2. The 
antenna is two plates of copper with thickness 1.5875 mm flared with 11 rods gradually in length of 
and 25.4 mm diameter artelon dielectric material of dielectric constant permittivity of 3 and 
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thickness. The main dimensions of antenna, rod dielectric and 3D view of the proposed antenna are 
illustrated in Figure 10 (a), (b) and (c) respectively. 
 

 
Fig. 11. The HPM Horn Antenna Return Loss [dB] 

 

 
Fig. 12. The HPM Horn Antenna VSWR 

 

 
Fig. 13. The Real and Im. HPM Input Impedance [Ohm] 

 

From simulation results using HFSS for the proposed HPM element for planar array the RL =-35 dB 
at 10 GHz operating frequency with broad BW=4 GHz as shown in Figure 11. The SWR=1 and the input 
impedance equal 50 ohm which illustrated in Figure 12 and Figure 13.  
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The 3D radiation pattern and polar plot of the proposed horn antenna is shown in Figure 14. The 
current distribution over the surface introduced in Figure 15 to demonstrate performance of the 
proposed horn antenna element for the HPM planar antenna array at 10 GHz operating frequency. 
THE HPM horn antenna element for the proposed planar array is tabulated in Table 4. 

 

 
Fig. 14. The HPM Horn Antenna and the 3D radiation pattern 

 

 
Fig. 15. The HPM Jsurface [A/m] 

 
Table 4 
The Hpm Horn Antenna Parameters and Dimensions [mm] 
f [GHz] RL [dB] Zin [Ω] B.W [GHz1 G [dB] Pe= Ph a1=b1 

10 -35 50 4 13 1524 457.2 
a=b # of rods Rod εr Plate thickness a=b 
19.05 11 3 1.58 19.05 

 
3. Conclusions 
 

The proposed horn antenna element, designed for integration into a 2 × 4 array configuration, 
has demonstrated exceptional performance tailored to meet the stringent requirements of High-
Power Microwave (HPM) applications. This antenna design achieves a high gain of 24 dB at 10 GHz, 
a critical parameter for ensuring focused energy transmission and enhanced system efficiency in HPM 
systems. The broadband capability, spanning 4 GHz across the X-band, provides operational 
flexibility, supporting a wide range of high-frequency applications. 
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Key performance indicators such as the return loss of -35 dB and a Voltage Standing Wave Ratio 
(VSWR) of 1 reflect excellent impedance matching, minimizing power loss and maximizing 
transmission efficiency. The antenna’s input impedance of 50 Ω aligns seamlessly with standard RF 
systems, ensuring compatibility without additional matching networks. 

Furthermore, the comparative analysis presented in Table 5 highlights the superiority of the 
proposed design over existing solutions, particularly in terms of gain, bandwidth, and return loss. The 
significant improvement in these parameters underscores the antenna's potential for advanced HPM 
systems, where high power handling, directivity, and efficiency are paramount. 

Overall, the proposed 2 × 4 horn antenna array stands out as a robust and efficient solution, 
offering enhanced performance metrics that address both current and future demands in HPM 
applications. Future research may explore further optimization of array configurations, material 
innovations, and thermal management strategies to push the performance boundaries even further. 
 

Table 5 
The comparison of relative works 
Comparison Ref. S11 [dB] Gain [dB] BW [GHz] 

Ref [1] -35 19.7 3.5 
Ref [9] -20 13 3 
Ref [19] -23 15 4.5 
Ref [22] -22 25 1.5 
Ref [27] -33 20 3 
This Paper -35 24 4 
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