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Design of Millimeter Wave Radar Antenna Array with Flat-top Pattern
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Abstract — In this paper, a planar millimeter wave radar
array antenna with flat-top pattern is proposed for wide
detection angle. Firstly, the Chebyshev synthesis method
is used to design the linear array with high gain and low
sidelobe pattern which works in the 24 GHz frequency
band. The maximum gain of the linear array is roughly
15 dBi, and the main-sidelobe ratio is close to 20 dB.
By setting the excitations and phases distribution of the
planar array feeding network, a 5x4 antenna array with a
flat-top pattern is obtained. The simulated and measured
results show that the radar antenna array has a wide half-
power beamwidth of 88 degrees, which can ensure that
the automotive radar has a longer detection range and a
larger monitoring angle.

Index Terms — Chebyshev synthesis method, flat-top pat-
tern, low sidelobe, millimeter wave radar antenna.

L. INTRODUCTION
Millimeter wave radar array antennas play an impor-
tant role in unmanned driving and automobile colli-
sion avoidance radar systems due to their short wave-
length, low sidelobe, high gain and other advantages.
The 24 GHz vehicle-mounted radar can be used to detect
obstacles around the vehicle and the driving environment
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in front. In order to meet the needs of speed, distance and
angle measurement, the vehicle-mounted radar has cer-
tain requirements for the designed antenna. Firstly, the
antenna needs to have higher gain in order to obtain a
greater detection distance. Secondly, the antenna needs
to have a suitable beamwidth in order to avoid interfer-
ence from vehicles in other lanes, and at the same time,
the antenna also needs to meet the characteristics of low
sidelobes [1}12].

The design of antenna array is one of the main meth-
ods to improve the performance of the antenna [3,4]. For
instance, we can use optimization algorithms to design a
shaped radiation pattern of the antenna array according
to a specific application scenario [5H7], which quickly
can save time and effort. Different array synthesis meth-
ods can also be used to achieve the goal [1, I8H10].
For example, antenna arrays with a sector beam pat-
tern are designed on the premise of maintaining con-
trollable excitation amplitude and phase according to the
Woodward-Lawson array synthesis method [8]]. The Tay-
lor synthesis method [9] and the Chebyshev synthesis
method [, [10] are used to design antenna arrays with
low sidelobes and high gain patterns. C. Wang, Y. Chen
and S. Yang propose a planar antenna array with flat-top
and sharp cut-off radiation patterns and the half-power
beamwidth (HPBW) of the array in both the H-plane and
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E-plane exceeds 45°, but its gain is low [11]]. R. Chopra
and G. Kumar design a 9x9 high-gain planar antenna
array by using two different feeding methods at the linear
arrays’ edges of the E-plane and H-plane, which are U-
series and angular feeding, respectively [[12]. The cross-
polarization of the array is low, but its beamwidth is nar-
row. The performance of these antennas cannot meet the
application requirements of millimeter wave automotive
radar antennas perfectly.

In this paper, a millimeter wave radar antenna array
with high gain, low sidelobe and wide beam is designed
according to the application requirements of 24 GHz
vehicle radars. The antenna array structures are designed
and described in Section II, and the simulated and mea-
sured results are shown in Section III. Finally, the con-
clusion is given at the last section.

I1I. ANTENNA DESIGN
A. Design of series-fed antenna

The microstrip patch antenna is a commonly used
radar antenna structure, which has the advantages of
efficient processing, small size, and a flexible structure.
However, the gain of a single microstrip antenna is rela-
tively low, only 6 dBi-8 dBi [1}[2]. Therefore, we arrange
the single microstrip antennas in a certain way to form a
five-element series-fed linear array, and use MATLAB
to obtain the current amplitude when N = 5 and side-
lobe level (SLL) = 20 dB according to the Chebyshev
synthesis method. The current amplitude is shown in
Table [

The center frequency fo of the series-fed antenna
designed in this paper is 24 GHz, and we use Rogers
5880 dielectric substrate with a dielectric constant of 2.2,
a loss tangent of 0.0009, and a thickness of 0.508 mm,
which is one of the commonly used radio frequency
and microwave circuit boards, with high coverage fre-
quency and low loss. Since the current amplitude value is
related to the impedance of the patch, and the impedance
changes with the change of the patch size, we can change
the current amplitude value by adjusting the size of the
patch to make it meet our expectations. As adjacent
patches are coupled with each other and then change the
amplitude and phase of each other’s currents, it is nec-
essary to optimize the parameters by using the simula-
tion software HFSS to determine the optimal size of each
patch. In addition, as the width of the patch changes, the
length of the feeder connecting the microstrip patch also
needs to be optimized to ensure that the distance between
adjacent patches is approximately A, (A, is the guided
wavelength at (), so that the array elements are in phase
to achieve edge-fire characteristics.

The model of the series-fed linear array is shown
in Fig. |1} The main feeder of the antenna (0.5 mm line
width) and the 50-ohm port feeder (1.5 mm line width)
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Fig. 1. The structure of the series-fed five-element patch
linear array.

Table 1: Current amplitude coefficient calculated by
Chebyshev synthesis method

Element Number Coefficient Normalized
Lowercase Coefficient
1 1 0.5176
2 1.6085 0.8326
3 1.9319 1
4 1.6085 0.8326
5 1 0.5176

Table 2: Values of the patches parameters

Patch Number WA(mm) | LA(mm) | LT(mm)
1 2.2 4.1 4.6
2 4.1 3.9 4.7
3 5.1 4.1 4.5
4 4 4 4.6
5 2.2 3.7 4.5

are transitioned using a gradual structure to achieve
good impedance matching, where L1 = 2 mm, L2 =
2.5 mm, and other optimized parameter values are shown
in Table 2

B. Design of the planar array antenna

Based on the series-fed linear array designed by
the Chebyshev synthesis method, we designed a mil-
limeter wave radar antenna array with a wider beam
to identify and track multiple targets at the same time.
A 5x4 area array is simulated and the model structure
and physical figure are shown in Figs. 2] and [3] respec-
tively. D=6.25 mm, which is 0.5A¢ (Ag is the free space
wavelength at f). Furthermore, by using a deep learn-
ing parameter optimization algorithm, the excitations
and phases distribution of the feeding network when
N = 4, HPBW >80° are obtained quickly, as shown
in Table [3] The feeding network is composed of cas-
caded multi-level T-type networks, the first-level T-type
power distribution network is an equal power distribution
network, and the one-to-four power distribution feeding
network realizes the power distribution ratio and phase
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Fig. 2. The structure of the 5x4 planar array antenna.

[

Fig. 3. The fabricated planar array antenna photograph.

difference that meet the requirements of the flat-top pat-
tern. The simulated results are shown in Figs. [ and [3]

respectively.
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Fig. 4. The simulated power distribution ratio of the feed-

ing network.
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Fig. 5. The simulated phase difference of the feeding net-

work.

Table 3: Distributions of excitations and phases

Port Number Optimized Excitations of
Excitations Feeding Network
1 1£0 1£0
2 2/-102 1.99/-103.78
3 2/—-102 1.99/—-103.78
4 1£0 1£0
III. RESULTS

A. Results of series-fed antenna

The simulated reflection coefficients and radiation
patterns results of the series-fed linear array are shown
in Figs. [6] and [7] respectively. Its working bandwidth
is 23.983-24.36 GHz, so the absolute bandwidth is
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0.377 GHz, and the relative bandwidth is 1.57%. The
maximum gain of the E-plane pattern is about 15 dBi,
and the SLL is nearly 20 dB. The microstrip antenna unit
forms a series-fed array only in the X direction. There-
fore, compared with the patterns of a single rectangular
microstrip patch antenna [1} 2]], the SLL and beamwidth
of the E-plane (XOZ plane) are significantly reduced,
while the SLL and beam width of the H plane pattern
(YOZ plane) are almost unchanged.
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Fig. 6. The simulated reflection coefficients of the series-
fed five-element patch linear array.
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Fig. 7. The simulated radiation patterns of the series-fed
five-element patch linear array.

B. Results of the planar array antenna

Figure [§] shows the simulated and measured S-
parameters of the radar antenna array. Its bandwidth
covers the working frequency band of a 24 GHz vehi-
cle radar (24-24.25 GHz), and the return loss is greater
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Fig. 8. The simulated and measured reflection coeffi-
cients of the planar array antenna.

than 10 dB within the required bandwidth. The anechoic
chamber can be used to test the antenna patterns in the
low frequency band [13]. In this paper, the near-field
anechoic chamber test method is used to test them. The
comparison between the simulated and measured radi-
ation patterns are shown in Figs. 0] and The maxi-
mum gain is roughly 12.7 dBi, and the SLL of the E-
plane pattern is close to 13 dB. Furthermore, the HPBW
of the H-plane is approximately 88 degrees, the SLL is
greater than 17 dB, the average gain is about 12.3 dBi,
and the fluctuation range is less than +0.5 dB in the
beam range from —25° to +25°. Compared with the uni-
formly excited array, the antenna array has a lower max-
imum gain, which is a compromise between the gain and
beamwidth [14]. There are some errors between all the
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Fig. 9. The simulated and measured E-plane of the planar
array antenna.
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Fig. 10. The simulated and measured H-plane of the pla-
nar array antenna.

measured and simulated results, which may be caused
by the actual plate loss and machining accuracy, but the
trend of the two is the same, and the measured results are
fundamentally consistent with the simulation results.

IV. CONCLUSION

In this paper, a millimeter wave radar antenna array
with the flat-top pattern is designed for the application
requirements of 24 GHz vehicle radars. The Chebyshev
synthesis method is used to design the series-fed lin-
ear array, and the appropriate excitation and phase dis-
tribution of the array elements are obtained by using
a deep learning parameter optimization algorithm. The
radar antenna array bandwidth covers the working fre-
quency (24-24.25 GHz) band of a 24 GHz vehicle radar,
the maximum gain is roughly 12.7 dBi, and the SLL of
the E-plane pattern is nearly 13 dB. The HPBW of the
H-plane is approximately 88 degrees, and the average
gain is about 12.3 dBi and the fluctuation range is less
than £0.5 dB in the beam range of —25° to +25°, and
the SLL is greater than 17 dB. In summary, the radar
antenna array has high gain, appropriate lobe width, and
at the same time satisfies the characteristics of low side-
lobes, so it has a good performance.
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