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ABSTRACT

This article will present an array antenna system with a compact size (diameter 190 mm) for a
monopulse tracking application working in the Ku band, suitable for placement airborne where
there is not much space. The antenna system consists of a monopulse comparator, a power divider
system, and four subarray antennas. The monopulse comparator and part of the hybrid power
divider are designed on the rectangular dielectric waveguide (RDW). The other part of the power
divider and antenna element array is designed on the PCB substrate. The two parts of the power
divider system are connected to each other through coaxial cables. Simulation results of the
antenna system are obtained as follows.: impedance bandwidth (VSWR < 1.8) is about 9%, SLL of
the radiation pattern of an array antenna using an unequal power divider system with Taylor
distribution (SLL= -20 dB, n = 4) at full range frequency is less than -20 dB. The realized gain of
the sum beam is 28 dBi at the center frequency, while the zero depth of the difference beam is
better than 20 dB. The excellent features of the proposed design make it a good candidate for two-
dimensional monopulse tracking applications.

Keywords: Array antenna; Monopulse comparator; Dielectric rectangular waveguide; Unequal power divider;
Microstrip stacked patch.

1. INTRODUCTION

Monopulse array antennas are widely used in high-resolution angle tracking applications [1]. It
is developed by different types of technology on many different frequency bands [2 - 8], such as a
monopulse antenna array consisting of 16 by 16 circularly polarized radiating cavities fed by a
corporate waveguide network with an amplitude taper at W-band with up to 10% bandwidth
(VSWR<2) [2]. However, the use of a uniform corporate power divider, as mentioned in the paper,
results in a sidelobe level of only about —13 dB. Therefore, the paper proposes using a non-uniform
power distribution (specifically, Taylor distribution) to reduce the antenna’s sidelobe level; a 28 x
28 circular slotted waveguide monopulse antenna array Ka-band with 1.48% bandwidth (return
loss less than -20 dB) and sidelobe level less than -25 dB [3]. However, the paper presents a
standing-wave slot antenna design in which the slots are positioned at intervals of one-quarter of
the waveguide wavelength. This inherently limits the antenna's bandwidth expansion. Therefore,
the paper proposes several solutions, including using a corporate waveguide power divider loaded
with dielectric material and partially implementing the power division network using microstrip
lines; a series feed monopulse microstrip antenna array X-band feed with 0.43% bandwidth
(VSWR<1.8) and sidelobe less than -15 dB [4]. However, the paper presents a patch antenna
design with a series feed power divider, which limits the bandwidth. A highly-efficient monopulse
antenna system is proposed for a radar tracking system application with VSWR<1.5, which is
12.9% in the Ku band, and SLL <14 dB, and it’s made by a 3-D metal-direct-printing technique
[5]. However, similar to reference [2], this paper uses a uniform corporate power divider, resulting
in a sidelobe level of only around —13 dB; The 112-elements monopulse array antenna at X-band
with comparator and full corporate feed network including waveguide and microstrip divider with
impedance bandwidth (Sii < — 12 dB) is up to 12% with the isolations better than 20 dB. The
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maximum gain of the sum beam is 28.7 dBi, while the null depths of the difference patterns are
better than 24 dB [6]. However, similar to reference [2, 5], this paper uses a uniform corporate
power divider, resulting in a sidelobe level of only around —13 dB. The paper presents a high-gain,
low-sidelobe monopulse microstrip array antenna for Ku-band FMCW radar. It features a 16x32
series-fed patch array and a waveguide-fed monopulse comparator using a WRS51 magic tee. The
antenna is fabricated with PCB and machining techniques, ensuring precise alignment.
Measurements at 17 GHz show 32.5 dBi gain, —25 dB sidelobe level, and —27 dB null depth [7].
The paper presents a Ku-band microstrip monopulse array with 32% efficiency, built on a single-
layer low-loss dielectric. The antenna demonstrates good performance, achieving 33 dBi gain and
32% efficiency [8]. However, the paper [7, 8] presents a patch antenna design with a series feed
power divider, which limits the bandwidth.

In this paper, a monopulse array antenna at Ku-band using a stacked patch antenna as an
element with an unequal power divider achieves sidelobe levels less than -20 dB in a bandwidth
of about 9% (VSWR<1.8). The research results of stacked patch antenna elements, unequal power
divider, monopulse comparator, and overall array antenna system are presented later in the paper.

2. STRUCTURE OF THE ANTENNA ARRAY SYSTEM

The overview structure of the antenna array system (figure 1) includes the following parts:
monopulse comparator, unequal power divider system on two planes, and antenna array (four
subarrays A, B, C, D).
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Figure 1. Structure of the antenna array system.
2.1. Antenna elements

In the paper, a stacked patch is used as an element of the antenna array to increase the bandwidth
of the antenna array. The structure of the element consists of a driven patch and a parasitic patch.
The structure of the element is shown in figure 2.
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Figure 2. Structure of the stacked Figure 3. Simulation results of the reflection
patch elements. coefficient of the infinitive stacked patch array
(unit cell).

To optimize the bandwidth of the antenna array, the specific size of each element will be
individually optimized to accommodate the power divider (referred to later), resulting in different
sizes of the elements.
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In this paper, infinite array antennas are studied using the finite element method. Specifically,
we know the array antennas consist of identical elements and are arranged at equal distances, that
is, periodic. Because of this periodic feature, by using two Master/Slave and port Floquet to
describe the boundary conditions of an element, we will get results equivalent to the results of an
array antenna of infinite size.

Figure 3 shows the simulation results of the reflection coefficient of the infinite array antenna
with stacked patch elements. With a reflection coefficient less than -15 dB, the frequency
bandwidth of the infinity array reaches about 6% (Ku band).

2.2. Monopulse comparator

The design of the monopulse comparator on the PCB used the substrate of RT/duroid 5880
(&: = 2.2) with a thickness of 31 mils (figure 4). The monopulse comparator consists of one sum
port and two difference ports.

Figure 4. Structure of the monopulse comparator.

The simulation results of the study of the monopulse comparator's characteristics, such as
VSWR, transmission coefficient, and phase response, are shown in figures 5, 6, and 7.
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Figure 5. The simulation results of the VSWR of the monopulse comparator.
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Figure 6. The simulation results of the transmission coefficient of the monopulse comparator.
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Figure 7. The simulation results of the phase response of the monopulse comparator.
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2.3. A coaxial-to-waveguide adapter for monopulse comparator and power divider on RDW
The input of the monopulse comparator and the output of the power divider on the RDW are

fed from the coaxial line. A coaxial-to-waveguide adapter is designed as shown in figure 8. The

simulated reflection coefficient of the adapter is shown in figure 9.
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Figure 8. Structure of the coaxial-to- Figure 9. The simulation results of the reflection
waveguide adapter. coefficient of the adapter.

2.4. Power divider system

An uneven power distribution method for each element can be used to reduce the sidelobe level
[9, 10]. Specifically, the paper is using the unequal distribution of power according to the Taylor
distribution SLL =-20 dB, n=4.

In the paper, the power divider consists of two parts. The first part is designed on RDW with
the substrate of RT/duroid 5880 (thickness of 62 mils) from T-junctions (figure 10), while the
second part is designed on a corporate microstrip feed network with PCB substrate RT/duroid 5880
(thickness of 10 mils).

Figure 11 and 12 respectively show the results obtained for the Taylor unequal power divider
as VSWR and power level. Notice that the power divider VSWR is less than 1.2 in the frequency
range 0.94f; - 1.06fy, (Ku band) and the power levels of the ports gradually decrease by Taylor
distribution with SLL =-20 dB, n=4.

Figure 10. Structure of the unequal power divider on RDW.
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Figure 11. The simulation results of the  Figure 12. The simulation results of the transmission
return loss of the unequal power divider. coefficient of the unequal power divider.
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A microstrip power divider is designed and optimized when combined with 2 or 4 patch antenna
elements, as shown in figure 13. Optimizing each element of the antenna array instead of all
antenna elements being designed the same will help the antenna system be more optimal in terms
of VSWR index. The reflection coefficient of the 2x2 and 2x1 subarrays is shown in figure 14.

b. 2
Figure 13. Structure of the microstrip power divider 2x2 and 2x1 elements.
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Figure 14. Reflection coefficient of the 2x2 and 2x1 subarrays.
3. SIMULATION RESULTS OF THE ARRAY ANTENNA SYSTEM

The overall combined structure of the array antenna is shown in figure 15 with dimensions:
diameter: 190 mm; height: 10 mm.

-W---

/i“i]‘r.II'Ep
ﬁ'%-:’ e
L R I

vkm x
;:ﬁﬁ'lm%cﬁ

- l_r_\: a’!
T
Figure 15. Structure of the array antenna.

The simulated reflection coefficient and VSWRs of the sum and two difference channels are
shown in figure 16. Simulation results show that the impedance bandwidth is about 9% for VSWR
< 1.8 at all ports for the array antenna. The isolation coefficient between the total and difference
ports is shown in figure 17. According to the results, we see that the isolation coefficient between
the ports is < - 20 dB.
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Figure 16. The simulation results of the monopulse array antenna

for the sum and difference ports.
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Figure 17. The isolation coefficient between the ports of the antenna system.

The sum and difference radiation patterns of the antenna array are shown in figures 18-22. The
dependence of SLL and realized gain on frequency is shown in tables 1 and 2.
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Figure 20. The simulated results of the radiation pattern for the sum port in frequency fo.
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Figure 21. The simulated results of the Figure 22. The simulated results of the
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Table 1. SLL of the sum radiation pattern.

Number | Frequency | H plane (dB) | E plane (dB)
1 0.97.fo -23 -18
2 0.98.fo -21.6 -21.5
3 0.99.1o -22.3 -20
4 fo -23.5 -20.3
5 1.01.f% -24 -20.2
6 1.02.f, -23.8 -22.1
7 1.03.fo -23.4 -20
Table 2. Gain of the sum radiation pattern.
Number | Frequency | Realized Gain (dBi)
1 0.97.fo 27.5
2 0.98.1o 27.5
3 0.99.1o 27.8
4 fo 27.9
5 1.01.f 28
6 1.02.f 28.1
7 1.03.fo 27.8
Table 3. Comparison with some previous designs of monopulse antennas.
Reghzed SLL for
Gain for Type of
Frequency | Percentage center Type of
Reference . center power
band bandwidth,% frequency, antenna .
frequency, d divider
. B
dBi
Monopulse Corporate
2] W band 10% 31dBi -18dB | cavity slotted g’e f
array
Monopulse Series
[3] Ka band 1.48% - -28dB waveguide
feed
slotted array
[4] | Xband | 043% 20dBi | -1sqp | Monopulse | Series
patch array feed
Monopulse Cororate
[5] Ku band 12.9% 31.5dBi -13dB cavity slotted E:)e q
array
[6] X band 12% 28.7dBi -13dB Monopulse | Corporate
patch array feed
(71 | Kuband | 1.17% | 325dBi | -25dB | Monopulse | Series
patch array feed
(8] | Kuband |  05% 33dBi | -1sdp | Monopulse | Series
patch array feed
Hybrid
corporate
) Monopulse
This =\ ¢ band 9% 28dBi | -20dB | stacked patch | RPW
work and
array . .
microstrip
line)
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4. CONCLUSIONS

This paper presents the structure of a compact monopulse array antenna for target tracking
applications, suitable for places with a small space. The stacked patch monopulse antenna array at Ku-
band with a corporate unequal power divider is presented. The impedance bandwidth of the antenna
is about 9% for VSWR < 1.8. Using an unequal power divider has reduced the SLL below — 20 dB
over the frequency range. Meanwhile, the realized gain of the antenna is greater than 27.5 dBi.
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TOM TAT

Ang-ten mang vi dai nhiéu 16p nhé gon ché d¢ don xung bang tin Ku
stt dung h¢é thong chia cong suat lai

Bai viét nay sé trinh bay mét hé thong Ang ten mang c6 kich thude nho gon (dwong kinh

190 mm) cho iing dung theo doi don xung hoat dong trong bang tan Ku, phu hop dé lap trén
khong noi khong co nhzeu khong gian. H¢ thong Ang ten bao gom bé t6 hop xung don, h¢
théng chia cong sudt va bon Ang ten mang con. Bo t6 hop xung don va mot phan ciia bj
chia cong sudt lai dirgc thzet ké trén ong dan song chira chat dién méi hinh chiv nhdt. Phan
con lai ciia bg chia cong sudt va mdang phan tir Ang ten dueoe thiét ké trén mach vi dai. Hai
phan ciia hé théng chia cong sudt dioc két néi véi nhau thong qua cap dong truc. Két qua
mé phong ciia hé thong Ang ten thu dwoc nhw sau: bang thong tré khang (VSWR < 1,6)
khoang 9%; SLL cua madu birc xa ciia anten mang si dung he théng chia céng sudt khéng
dong déu voi phan phoi Taylor (SLL =-20dB, n =4) o tan sé toan dai nhé hon - 20 dB.
D6 loi thuee té ciia chiim tong la 28 dBi 6 tan sé trung tam, trong khi do sdu cua bip song
hiéu 20 dB. Cdc tinh ndng cua san pham trong thiét ké phii hop cho cdc iing dung theo doi
don xung trén 2 kénh goc ta va goc phuwong vi.

Tir khoa: Ang ten mang; Bo t6 hop don xung; Ong dan s6ng hinh chit nhat chira chét dién méi; Bo chia cong suét khong

déu; Ang ten vi dai nhiéu 16p.
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