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Abstract

We propose the microstrip array antenna with high efficiency for automotive radar systems. The proposed
antenna consists of a straight feeding microstrip line and rectangular radiating elements connected directly to
the microstrip line at their corners without dividers and impedance transformers in order to realize lower
feeding line loss and linear polarization inclined 45 degrees. The radiation coefficient of the rectangular
radiating elements is investigated by the finite element method. It is shown that the radiation coefficient is
controlled from 1 % to 23 %, which is wide enough to set aimed amplitude distribution of an array antenna.
The array antenna having 2 x 37 radiating elements is developed as one subarray of an electrical beam scan-
ning array antenna for automotive radar systems. As a result of experiment, high efficiency of 53 % with
high gain of 22.5 dBi is obtained at the design frequency of 76.5 GHz. The efficiency of the developed
antennais higher than that of conventional millimeter-wave microstrip array antennas.

Keywords

1. Introduction

Automotive radar systems utilizing the millimeter-
wave band have been developed” ? since they can
detect targets even in bad weather. In the
automotive radar systems, linear polarization
inclined 45 degrees is utilized in order to avoid
mutual radio interference between them®. The
antenna for the automotive radar systems is required

to have high efficiency, which means high gain

Automotive radar systems, Millimeter-wave, Linear polarization inclined 45 degrees,
Microstrip array antenna, High efficiency

against for an aperture area determined by the size of
aradar sensor, in order to detect the targets at along
distance. In addition, low profile is required not to
spoil the appearance of a car. Ease of manufacturing
is also one of the significant factors in order to
install the automotive radar systemsin popular cars.
As candidate antennas for the automotive radar
systems, a slotted waveguide array antenna” and a
triplate-type array antenna® have been studied.
These antennas have low profile and high efficiency
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characteristic in the 76 GHz band, but, in general,
they have a difficulty in mass production. A lens
antenna with advantages of both high efficiency
characteristic in the 76 GHz band and ease of
manufacturing has also been studieds), but it is too
thick for our aimed radar sensor. A microstrip array
antenna is known to have advantages of low profile
and ease of manufacturing. However, there is a
problem that efficiency of the microstrip array
antenna with a large aperture is degraded due to
feeding line loss ") We have decided to eliminate
dividers and impedance transformers used in the
feeding lines of the microstrip array antennain order
to solve the problem.

In this paper, we propose a microstrip array
antenna with high efficiency for automotive radar
systems® ?. In Chapter 2, a configuration of the
proposed microstrip array antenna is presented.
Design method for the proposed antenna is described
in Chapter 3. Performance of the developed antenna
is presented in Chapter 4. This paper is concluded in
Chapter 5.

2. Configuration of proposed microstrip array
antenna

We propose the microstrip array antenna shown in
Fig. 1. The proposed antenna consists of a straight
microstrip line and rectangular radiating elements
printed on one side of a dielectric substrate with a

Ground plane

Microstrip line

Fig.1 Configuration of proposed microstrip array
antenna.
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ground plane on the other side of it. The rectangular
radiating elements inclined 45 degrees from the
straight microstrip line (y axis) are arranged on
both sides of the microstrip line and are connected
directly to the microstrip line at their corners without
dividers and impedance transformers in order to
realize lower feeding line loss and linear polarization
inclined 45 degrees. The radiation coefficient of
each rectangular radiating element can be widely
controlled by changing the width W of each
rectangular radiating element and is determined to
satisfy an aimed amplitude distribution of a linear
array antenna. The length L of each rectangular
radiating element is chosen to be a half resonant
wavelength. Element spacing d, in the y direction is
set as approximately a half guide wavelength so that
al of the rectangular radiating elements are excited
in phase. The microstrip line is terminated by a
rectangular matching element to suppress the
reflection of the residual power and radiate it at the
end of the microstrip line. The antenna is fed by a
waveguide ( WR-12 ) through the microstrip line to
a waveguide transition' at the opposite end of the
microstrip line.

3. Design method of proposed microstrip
array antenna

Controlling widely the radiation coefficient of a
radiating element leading to aimed amplitude
distribution is required together with lower feeding
line loss in order to achieve high efficiency. The
radiation coefficient is numerically investigated
here. Figure 2 shows a calculated model of the
radiating element and the feeding line. The
calculated model consists of a dielectric substrate,
the feeding microstrip line, the radiating element
inclined 45 degrees from the feeding microstrip line
and a ground plane. The calculated dielectric
substrate has thicknesst = 0.0324 A, relative
dielectric constant ¢ = 2.2 and loss tangent tan 0 =
0.001. Width w,; of the microstrip line and length L
of the radiating element are set to be 0.0765 Ay and a
half resonant wavelength, respectively. Numerical
analysis was carried out by the finite element
method.

The electric field intensity distribution of the
radiating element in xy plane is shown in Fig. 3.



Dimensions of the radiating element are set to be
average values of the developed antennasuch asL =
0.321 A\pand W=0.11 A,. Itisobserved from Fig. 3
that the radiating element is resonated with a half
wavelength along the length L.

The radiation coefficient varied with width W of
the radiating element normalized by a wavelength
Ao = 3.92mm is shown in Fig. 4. The calculated
result is represented by a solid line. The radiation
coefficient is defined as the ratio of the radiation
power, which is the power substituting both the
transmission power and the reflection power from

Fig.2 Calculated model of radiating element and
feeding line for calculation of radiation
coefficient.

Intensity

U

Fig. 3 Electric field intensity distribution of radiating
element and feeding linein xy plane.
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the input power, to the input power. In order to
evaluate the radiation coefficient itself, loss of the
straight feeding line is eliminated from the
transmission power of the calculated model. Fgure4
clarifies that the radiation coefficient is controlled by
changing the width W of the radiating element and
that wide control of the radiation coefficient from 1 %
to 23 % is achieved with variation of the width W
from 0.013 A, to 0.255 A, which is wide enough to
realize aimed Taylor amplitude distribution.

4. Performance of developed antenna

The performance of the developed antenna is
presented.

Figure 5 shows a photograph of the developed
antenna, which corresponds to one subarray of an
electrically beam scanning array antenna for

(%]
(=]

N\

o

/

-
(=]

Radiation coefficient [%]

—

0 0.1 0.2 0.3
Width W of radiating element [A,]

Fig.4 Radiation coefficient versus width W of radiating
element normalized by a wavelength Ay = 3.92mm.

Fig.5 Photograph of developed antenna having 2 x 37
radiating elements as one subarray of electrically
beam scanning array antenna.

R&D Review of Toyota CRDL Vol. 37 No. 2



10

automotive radar systems. Assuming that the
dimensions of the array antenna including feeding
circuits and the microstrip line to waveguide
transition are approximately 2 Aq x 16 A, the array
antenna is composed of 2 linear arrays having 37
radiating elements.

The measured reflection coefficient of the
developed antenna at the input port is shown in Fig. 6.
Since there are no impedance transformers in the
proposed antenna, reflection is suppressed by tilting
the main beam. Reflection is—18.7 dB at 76.5 GHz,
which is small enough to ignore the gain reduction.
Bandwidth of reflection below —10 dB is 2.98 GHz
and sufficient for automotive radar systems allowing
for margin of errorsin manufacturing.

Figure 7 shows measured gain and efficiency of
the developed antenna.  The vertical axis represents
measured gain and the horizontal axis represents
frequency from 74.5 GHz to 78.5 GHz. Peaked gain
and efficiency are represented by a solid line and a
dotted line, respectively. Efficiency n is defined as
the ratio of the measured gain G, to the aperture
gain G, and written as

r] = % = Gm = Gm
Ga ATA  ATN(O(NyOy oo (1)
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where A is the aperture area having radiating
elements and expressed with the product of numbers
N, and N, of radiating elements in the x and y
directions and spacing d, and d, of radiating
elements in the x and y directions, respectively. The
aperture area A of the developed antennais 1.78 Ay x
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Fig. 6 Measured reflection coefficient of developed
antenna
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14.91 A,

It can be seen from Fig. 7 that high efficiency of
53 % with high gain of 22.5 dBi is obtained at 76.5
GHz. Efficiency and gain are higher than 53 % and
22.4 dBi, respectively from 75.5 GHz to 77.5 GHz,
which are high enough for the frequency band from
76 GHz to 77 GHz utilized for automotive radar
systems. Loss of the microstrip line to waveguide
transition is not included in the measured gain
shown in Fig. 7. When loss of the transition as 0.4 dB
is included, efficiency and gain correspond to 49 %
and 22.1 dBi, respectively.

Measured radiation patterns in both the zx plane
and the yz plane of the developed antenna at 76.5
GHz are shown in Fig. 8 (a) and (b), respectively.
As shown in Fig. 8 (a), the radiation pattern is
almost symmetrical in the zx plane. Half power
beam width and sidelobe level are 26.3 degrees and
—10.7 dB, respectively. In the yz plane as shown in
Fig. 8 (b), the half power beam width is 4.0 degrees
and sidelobe level is suppressed to less than —15.4 dB.
The main beam is tilted to 2.8 degrees in the y
direction to suppress the overall reflection at the
input port.

The main beam of the developed antenna is tilted
about 1.6 degree when frequency varies 1 GHz.
Since the frequency band utilized for automotive
radar systems is 1 GHz, the main beam shown in
Fig. 8 (b) istilted within £0.8 degrees. In this case,
gain reduction at the direction of 2.8 degrees in the
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Fig. 7 Measured gain and efficiency of developed
antenna represented by a solid line and a dotted
line.



yz planeis 0.5 dB.

Loss factors of the developed antenna are analyzed
in Table 1 as a reference that the efficiency n equals
100 %. There are two kinds of loss factors such as
the loss factors predicted in design and the loss
factor caused by fabrication errors. The loss factors
predicted in design include feeding line loss factors
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Fig.8 Measured radiation patterns at 76.5 GHz.

Table1l Analysisof lossfactors of developed antenna.

Straight feeding line 0.9dB

Feeding line loss
. Divider, Bend 0.3dB

Design

Directivegain” / Aperturegain 0.4dB

Directive gain loss
Taylor distribution 0.1dB
Error Degradation of distribution, etc. 1.0dB
Total loss 2.7dB

“In case of equal amplitude distribution
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and directive gain loss factors.

As for the feeding line loss factors, loss of a
straight feeding line of the antenna is estimated to be
a small value of 0.9 dB since there are no dividers
and impedance transformers in the proposed
antenna. Loss of T junction for dividing power to
two linear array antennas is calculated as 0.3 dB by
the finite element method. As for the directive gain
loss factors, the ratio of the directive gain in the case
of equal amplitude distribution to the aperture gain
is 0.4 dB and the ratio of the directive gain in the
case of Taylor amplitude distribution with —17 dB
sidelobe level to that in the case of the equal
amplitude digtribution is 0.1 dB. Theloss factor of 1 dB
caused by fabrication errorsis due to degradation of
both amplitude and phase distribution and so on. It
can be seen from Table 1 that the efficiency n could
be up to 68 % after minimizing the fabrication error
since the lossfactors predicted in design is 1.7 dB.

5. Conclusion

A high efficient microstrip array antenna for
automotive radar systems has been proposed in this
paper. Numerical investigation clarified that the
radiation coefficient of radiating elements was
varied widely enough to realize aimed Taylor
amplitude distribution. The developed antenna with
2 x 37 elements as one subarray of an electrically
beam scanning array antenna for automotive radar
systems has high efficiency of 53 % with high gain
of 22.5 dBi at the design frequency of 76.5 GHz.
The antenna developed here will be utilized for
automotive radar systems.
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