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Abstract: At present, the microwave frequency band bandwidth used for mobile communication is only 600 MHz. In 2020, the 5G mobile Communication required about 1 GHz of bandwidth, so people need to tap new spectrum resources to meet the development needs of mobile Internet traffic that will increase by 1,000 times in the next 10 years. Utilize the potentially large bandwidth (30∼300 GHz) of the millimeter wave frequency band to provide higher data rates is regarded as the potential development trend of the future wireless communication technology. A microstrip patch implementation approach based on electromagnetic coupling feeding is presented to increase the bandwidth of a dual-polarized millimeter-wave antenna. To extend the antenna unit's impedance bandwidth, coplanar parasitic patches and spatial parallel parasitic patches are used, and a 22 sub-array antenna is developed using paired inverse feed technology. The standing wave at the centre frequency of 37.5 GHz is less than 2 GHz. The antenna array's relative bandwidth is 6.13 percent, the isolation is >30 dB, the cross-polarization is −23.6 dB, and the gain is 11.5 dBi, according to the norm. The proposed dual-polarized microstrip antenna has the characteristics of wide frequency bandwidth, large port isolation, low cross-polarization, and high gain. The antenna performance meets the general engineering requirements of millimeter-wave dual-polarized antennas.
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1  Introduction

The wavelength of millimeter wave is short, and the beam width of millimeter wave radar is narrow, so it has higher angular resolution and low-elevation tracking ability. The wider available frequency band of millimeter wave can improve the range resolution of the radar system, and the improvement of the range resolution can also improve the anti-jamming capability of the millimeter wave radar [1–5].

Recently, research for the commercialization of millimeter wave 5G communication technology has been actively conducted worldwide [6–10]. 5G mobile communication technology, as well as fast data transfer speed with ultra-wideband, enable such high reliability/ultra-low latency communications, mass-connecting it to the technological evolution which is differentiated from existing 4G mobile targets [11–14]. In millimeter wave band communication, high path loss occurs between transmission and reception, unlike in the existing microwave band [15]. In order to compensate for this in the 5G millimeter wave terminal, a high-gain array antenna is used instead of the omnidirectional antenna used in 4G [16].

The millimeter wave frequency band provides many opportunities for various wireless applications, such as 35 GHz passive imaging radar [17–19], and frequency bands above 60 GHz can be used in high data rate radio line connection and sensing applications [20–22], 77 GHz automotive radar [23–25], Imager and radiator of 94 GHz [26–29] and so on. Antennas have become a key component of millimeter wave development. Millimeter wave antennas have also been used in various applications, such as broadband high-speed wireless communication systems [30–32] and automatic radar systems [33]. Millimeter wave radar systems require low profile, high gain and low cost antennas. Microstrip antennas have thin profile, small size, light weight, easy conformal, can be integrated with active devices and circuits, and can easily achieve dual-frequency and dual-polarization performance. Based on this, this paper studies a dual-polarization millimeter wave antenna scheme using microstrip antenna technology [34].

How to improve the port isolation and cross-polarization performance of dual-polarized antennas is an important research content in the field of dual-polarized antennas. There are two types of dual-polarized plane feeding methods: One is coplanar microstrip feeding, and the other is slot-coupled feeding. Among them, the advantage of using slot-coupled feeding is that the impedance bandwidth is relatively wide and it is easy to realize dual-polarization radiation characteristics. The antenna designed by Alexandre Perron et al. uses a rectangular slot with “L” antenna port isolation is −19 dB, and the cross-polarization is −18 dB [35]. The rectangular gap designed in [36] is set in a “cross” shape. This type of feed structure effectively improves the isolation performance because the feed lines of the two ports are not on the same layer of the medium, and the isolation is improved to 22 dB in the working bandwidth cross-polarization can reach −25 dB or less [37].

In this paper, a dual-polarized millimeter-wave microstrip patch antenna fed by electromagnetic coupling is designed using coplanar parasitic patches and spatially parallel parasitic patch structures to achieve the purpose of increasing the impedance bandwidth of the antenna. Using the designed unit form to form a 2 × 2 array antenna, a sub-array antenna with a millimeter wave dual-polarization microstrip structure was realized by simulation.

2  Band Widening of Slot-Coupled Microstrip Antenna

Commonly used methods to expand the bandwidth of a microstrip antenna include increasing the thickness of the substrate, reducing the dielectric constant of the substrate, loading parasitic patches, slotting, and adopting impedance matching. This article uses the method of loading parasitic patches to expand the frequency band. In order to achieve better impedance matching, a trapezoidal structure is added to the feeder. The parasitic patch can excite the frequency point adjacent to the resonant frequency of the main radiation patch, and the result is that the effective impedance bandwidth of the antenna is broadened. This phenomenon is also called double resonance technology. In this paper, parasitic patches are placed on the two radiating edges of the main radiating patch. An air layer and a dielectric layer are added to the antenna. The parasitic patches added in the vertical direction are square. The structure model of the antenna is shown in Fig. 1.
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Figure 1: Microstrip antenna structure loaded with parasitic patches

The final size of the antenna is determined as the side length of the parasitic patch in the vertical direction is 1 mm, the length of the coplanar parasitic patch is 2 mm, and the width is 1.7 mm. After simulation and optimization, the frequency range of the antenna's voltage standing wave ratio ≤ 2 is about 36. 15∼43. 85 GHz, the relative bandwidth is about 20.53%. Within the working bandwidth, S21 <−20 dB, with good isolation characteristics.

3  Sub-Array Unit Design and Simulation

Based on the above design conclusions, this article studies the design and simulation of a four-unit sub-array. Fig. 2 shows two different arrays of 2 × 2 array antennas. Fig. 2a shows the paired in-phase feeding mode, that is, adjacent units in the array have the same structure and are all constant-amplitude in-phase feeding. Fig. 2b shows the paired inverting feed mode. Paired anti-phase feed technology can reduce the cross polarization of the antenna [38]. There is a mirror image structure between adjacent units, and the feed between the vertical ports or the horizontal ports is reversed, so that all the units on the dielectric board are subject to the same excitation.
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Figure 2: Different array methods of array antenna. (a) paired in-phase feed; (b) paired anti-phase feed

The authors in [39] did simulation experiments on the arrays of these two structures, and analyzed and compared the results. By comparing the directional pattern simulation results of the two, it is found that the cross-polarization level of the constant-amplitude and in-phase feed array mainly depends on the cross-polarization performance of the unit. The cross-polarization performance of the inverted feed array has been greatly improved. In [40], a detailed mathematics of a 4 × 4 array using paired inverted feeds is carried out. The theoretical analysis and radiation pattern equation of the antenna array is given. In the design, in addition to the cross-polarization performance of the antenna, the distance between the position of the parasitic patch and the unit must be considered, so the paired inverse feed technology is adopted.

3.1 Feeder Network Design

Fig. 3 is the proposed structure diagram of the feed network of the slot-coupled-fed electronic array antenna designed, which uses the paired inverted feed. Since the adjacent ports of the same polarization are reversed, an inverter needs to be added to the feed network, which is the part circled in Fig. 3. The sum of the inverter feeders should theoretically be λe/2, Because the wave travels half a wavelength, the phase is just out of phase. So set λe/2 = 2.865 mm as the initial value of the inverter. In the HFSS, the feed network can be optimized and simulated separately until the phase difference between adjacent ports of the same polarization is 180°, and the final optimized result of the inverter's total feeder is 2.2 mm.
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Figure 3: Proposed feeding network schematic

The design of the feed network uses a simple microstrip three-port power divider. Because the conditions of the two ports are the same, take port 1 as an example for analysis. The impedance of port 1 is Z0, Z1 = Z0
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after one is divided into two, and Z2 = Z1
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after continuing to divide into two. The port requirement of the sub-array antenna is a 50 Ω microstrip line. Substituting into the calculation can get Z1 = 70.7 Ω, Z2 = 90.9 Ω. According to the impedance of the microstrip line and the known conditions of the dielectric plate: h = 254 mm and εr = 2.2, it can be calculated: w0 = 0.80 mm, w1 = 0.45 mm, w2 = 0.27 mm. Set the theoretical value to the initial value, and then perform simulation optimization in HFSS. The final optimized values are: w0 = 0.80 mm, w1 = 0.40 mm, and w2 = 0.20 mm.

3.2 Simulation of 2 × 2 Sub-Array Antenna

3.2.1 Proposed Antenna Structure

The designed slot-coupled-fed 2 × 2 sub-array antenna is shown in Fig. 4. In order to make the various indicators of the antenna meet the requirements, the unit of the antenna is adjusted, including the size of the parasitic patch, the size of the radiating patch, and the shape of the slot. First, a reflector is added behind the antenna, the purpose is to reduce the antenna's backward radiation, make the antenna one-way radiation, and increase the gain. After adding the radiating plate, the antenna mainly radiates above the dielectric plate. The distance between the 2 × 2 sub-array antenna elements is λ/2. The parameter values of the proposed antenna structure are shown in Tab. 1.
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Figure 4: Proposed antenna structure
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This paper uses electromagnetic simulation software CST and HFSS to simulate at the same time to verify the correctness of the design. The return loss at the two ports of the antenna obtained through multiple scan optimization is shown in Fig. 5. It can be seen that although the return loss of port 2 has been optimized to 37. 5 GHZ nearby S22 <−10 dB, but the return loss of port 1 still cannot reach 37.5 GHz. S11 <−10 dB. Due to the loss of the microstrip feed line itself, the loss of the feed network is more than the loss of a single microstrip line, which leads to the reduction of the energy coupled to the patch through the gap, making the antenna unable to form an effective resonance.
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Figure 5: The port return loss of the rectangular slot array

Therefore, in the optimization process, in order to enable the slot-coupled feed port to couple more energy to the radiation patch, the original rectangular slot is changed to a T-shaped slot, as shown in Fig. 6. The parameter values of the gap structure are shown in Tab. 2. The simulation results can also prove that in the proposed array antenna, the T-slot can get better impedance matching.
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Figure 6: T-shaped gap structure
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3.2.2 Performance Analysis

Fig. 7 shows the S parameter simulation results of the T-slot array antenna. It can be concluded that the operating frequency of the antenna is 36.6∼38.9 GHz, and the relative bandwidth is 6.13%. The bandwidth of the sub-array antenna is narrower than the bandwidth of the antenna. This is because the feed network itself is narrow-band, which leads to the narrowing of the bandwidth of the antenna. The isolation of the antenna after the array is less than −30 dB in the entire frequency band, because the feed networks of the two ports are not on the same layer, and the distance between the two polarized feed networks after the array becomes larger. The coupling between is reduced. The cross-polarization characteristics of the sub-array antenna on the E-plane and the H-plane are shown in Figs. 8 and 9 respectively. The maximum gain of the antenna at 37.5 GHz is 11.5 dBi, which is an increase of about 6.6 dB compared to the gain of a single unit. The absolute value of the cross-polarization of the antenna can reach 23 dB, and the 3 dB beam bandwidth of the antenna is about 54°.
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Figure 7: S-parameter simulation results of T-shaped slot array. (a) S11 and S22; (b) S12
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Figure 8: Directions of sub-array antenna port 1 at different frequency points (a) E-plane direction at frequency 36.5 GHz (b) E-plane direction at frequency 37.5 GHz (c) E-plane direction at frequency 38.5 GHz (d) H-plane direction at frequency 36.5 GHz (e) H side at frequency 37.5 GHz (f) H side at frequency 38.5 GHz
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Figure 9: Directions of sub-array antenna port 2 at different frequency points (a) E-plane direction at frequency 36.5 GHz (b) E-plane direction at frequency 37.5 GHz (c) E-plane direction at frequency 38.5 GHz (d) H-plane direction at a frequency of 36.5 GHz (e) H-plane direction at frequency 37.5 GHz (f) H-plane direction at frequency 38.5 GHz

From the antenna radiation patterns when the frequencies are 36.5, 37.5, and 38.5 GHz, it can be seen that the proposed antenna design has unidirectional radiation characteristics, and the radiation patterns of the E and H planes are both smooth Most of the energy is also concentrated in the 3 dB bandwidth of the antenna.

4  Conclusion

This paper proposed the design of a dual-polarized millimeter-wave microstrip antenna based on electromagnetic coupling feed technology. Starting from technical indicators such as standing wave ratio bandwidth, port isolation and cross-polarization level, the specific design ideas and simulation optimization work are discussed. Based on the use of parasitic patch technology to achieve bandwidth expansion, a four-unit sub-array was designed and simulated, and the design of its feed network was focused on, and the simulation and optimization results of the sub-array antenna were given. At the center frequency of 37.5 GHz, the relative bandwidth of the antenna array is 6.13%, the port isolation is more than 30 dB, the cross polarization reaches −23.6 dB, and the gain is 11.5 dBi. Its technical indicators meet general engineering requirements. The research work in this paper provides an effective technical approach for the design and engineering realization of dual-polarized millimeter wave antennas.
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Table 1: Parameters values

Parameter Value
Jsw 1.0
Jdl 0.6
Py 1.5
dgnd 2.9
Aynit 4.0

aj 2.2






OEBPS/Images/CSSE_24202-fig-9.png
# Primary polization (CST) % Prizsry
20 * 0 ization (CST) __# O3 o (EEFSS)
Z 0
E-20
3—40
—60
200 -100 0 100 200
Angle/(°)
(@)
- Prizory polarization (CST)  # Primary polarization (HFSS)
20ec 5n (CST) 0
-~ 0
[22]
Z-20
£
8 -40
-60
-200 -100 0 100 200
Angle/(°)
©)
# Prizory imtiom (CST)  # Primamy ization (HFSS)
20 e it (CST)  # Cro
2 0
2
£-20
S -40
—60
200 -100 0 100 200
Angle/(°)

©

- Prizory polization (CST) & Prinary policizsion (BFSS)

20 | & o petmizmin c5) R
2
_5—20 ‘
&40
—60
—80 | “ - - - B " . P
=200 -100 0 100 200
Angle/(%)
(b)
# Primury polarization (CST) - Prizury polasization (FFSS)
20 * O imation (CST) e O
& 0
=-20
£
@& —
] 40
—60
-80
=200 -100 0 100 200
Angle/(%)
(d)
# Prinury polarimasion (CST)  # Primary polamimation (HFSS)
20 jec imticn (CST) # i
g 0
2 g
._-_—2() | 3
K=
S —40
-60 ‘
=200 -100 0 100 200
Angle/(%)

(®)





OEBPS/Images/CSSE_24202-fig-7.png
Isolation degree (dB)

=20
-251 *Sa(CST) * S, (HFSS)
30 ’f’su( CST) " Sz;(HFSS)
=35 : :
36 37 38 39
f(GHz)
(@

Isolation (dB)

=337 «s.(CST)

* S,(HFSS)

36 37 38 39
f(GHz)

(b)





OEBPS/Images/CSSE_24202-fig-3.png





OEBPS/Images/logo.png





OEBPS/Images/CSSE_24202-fig-1.png





OEBPS/Images/CSSE_24202-fig-5.png
Return loss (dB)
|
=)

=20

& S.(HFSS)
~15} o S,(HFSS)

360 365 37.0 37.5 38.0 385 39.0

f(GHz)





OEBPS/Images/table-2.png
Table 2: Parameter value table of the gap structure (mm)

Ws1 0.5
We2 0.3

Wg3 1.1
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