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H01Q 21/06 (2006.01) gain of the side lobe both in YZ plane and the XZ plane, and
HO01Q 1320 (2006.01) improve target detection.
16
Z Y
/ 10
- - 20
-
X i A
30
S r/ 14
g
13

15



Patent Application Publication  Feb. 24,2022 Sheet 1 of 8 US 2022/0059937 A1

14

Y /16 10
/
— = A A AL e
e L L L e e e
5
S
s 1
FI1G. 1

A

Y




US 2022/0059937 Al

Feb. 24,2022 Sheet 2 of 8

Patent Application Publication

[ i |
o WH —
! ! 1
—|._ T * _ | | | | _ _ _ — — O
y 1 | | | [ | I |
9M M M\ M 1T
< <
cC C
) )
[4iré 10¢



Patent Application Publication  Feb. 24,2022 Sheet 3 of 8 US 2022/0059937 A1

333

32

302
33
AN
|
3213

321

332

3211 3212

31

FIG. 3

—

332

3212 3211
/

N
321
/

301
33
/\
[~

32

333
3213
N




Patent Application Publication  Feb. 24,2022 Sheet 4 of 8 US 2022/0059937 A1

§\__
I
A
—
1 \ =
Q [ ]
Y
— ' S
o

R211—T




Patent Application Publication  Feb. 24,2022 Sheet 5 of 8 US 2022/0059937 A1

FIG. 5




Patent Application Publication  Feb. 24,2022 Sheet 6 of 8 US 2022/0059937 A1

FIG. 6




US 2022/0059937 Al

Feb. 24,2022 Sheet 7 of 8

Patent Application Publication

LI
(90139p) 913ue Pnwizy

00°00¢ 00°0¢T

00001 00°0¢

0010

00°0¢- 00001~

00°0ST-

00

00¢-

- 0001~

- 00°0¢-

- 00°0Z-

N
S
T<

\ |

—

:i? \\

- 0001~

VA"

=T

%E\E(\

- 000

1
|
|
|
|
|
|
|
|
|
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

T —

- 0001

|
|
|
|
|
|
|
|
|
|
|
|
|
|
m
_
‘é
_
_
v
|
|
|
|
|
|
|

\

/

- 00°0C

- 00°0€

uonuaAur Judsaxd ay Jo aue[d 7 A ur wided UOHRIPRY
BUUSJUR [BUONUIAUOD JO due[d Z A ur uroped uonerpey —

(1gp) uren



US 2022/0059937 Al

Feb. 24, 2022 Sheet 8 of 8

Patent Application Publication

8 "OIA
(90139p) 913ue Pnwizy

00°00¢ 00°0€1 007001 00°0¢

00°0¢-

00001~

00°0ST-

00

00¢-

- 000t~

>>>/>

M

- 00°0¢-

< VY

- 00°0Z-

) havill

Ind

X

- 0001~

\Q,OQG/ A
GK/T

- 000

- 00701

- 00°0C

- 00°0€

uonuaAur Judsaxd ay Jo aue[d 77X ur wide UOHRIPRY

BUUSJUR [BUONUIAUOD JO due[d Z¥ ur uroped uonerpey —

(1gp) uren



US 2022/0059937 Al

ANTENNA FOR SUPPRESSING THE GAIN
OF SIDE LOBES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority of Taiwanese
patent application No. 109128818, filed on Aug. 24, 2020,
which is incorporated herewith by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates generally to an
antenna, and more particularly, to an antenna for suppressing
the gain of side lobes.

2. The Prior Arts

[0003] In order to improve driving safety, contemporary
vehicles are equipped with systems such as blind spot
detection, lane switching assistance, automatic distance con-
trol cruise, parking assistance, automatic braking, collision
warning, and lane deviation detection. The above-mentioned
systems are usually equipped with a vehicle radar, which can
accurately and reliably detect and locate surrounding targets
in any environment. The vehicle radar includes an antenna.
The antenna usually uses the frequency modulated continu-
ous wave (FMCW) principle to detect the distance and speed
of the target to support the frequency band of the vehicle
radar.

[0004] The narrower the beam of the array antenna in the
radar, the higher the power, and the longer the sensing
distance. The radiation pattern synthesized by the array
antenna includes a main lobe and side lobes. The main lobe
is the area around the maximum radiation direction, usually
within 3 dB of the peak of the main beam, which is the main
working direction of the radar. Side lobes are beams with
small radiation around the main beam. These side lobes are
usually undesired radiation directions, which can cause
noise interference and ghost points in detection.

[0005] The antenna of a general vehicle radar includes a
plurality of feed units and a plurality of antenna units. Each
antenna unit includes a feed line and a plurality of radiating
elements. The plurality of radiating elements are arranged on
the feed line at intervals, and each radiating element is
rectangular (i.e., a patch shape). Each feed unit includes a
feed port and a transmission line, one end of the transmis-
sion line is connected to the feed port, and the other end of
the transmission line is connected to one of the feed lines. By
inputting current to the feed lines through the plurality of
feed units simultaneously, the feed lines distribute the cur-
rent to the plurality of radiating elements, so that the
radiating elements can simultaneously emit electromagnetic
waves. As such, the transmission power of the antenna of the
vehicle radar can reach a required distance, for example, one
hundred and fifty meters.

[0006] However, because the widths and lengths of the
radiating elements are equal, the energy radiated by the
radiating elements is equal, so that the resultant radiation
pattern is the gain of the side lobe on the radar’s YZ plane
(i.e., vertical plane) is larger, and therefore it is easy to detect
objects outside the vertical direction of the target, such as,
objects on the ground, resulting in poor resolution of detect-
ing the target.
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[0007] Furthermore, because the lengths of the flow path
of current from the feed ports through the transmission lines
to the feed lines are equal, and the line widths of the
transmission lines are equal, the output powers obtained by
the antenna units are equal, so that for the synthesized
radiation pattern, the gain of side lobes in the XZ plane (i.e.,
the azimuth plane) of the radar is large, and it is easy to
detect objects outside the horizontal direction of the target,
such as, road trees or telephone poles, resulting in poor
resolution of detecting the target.

[0008] In addition, the structure of the conventional
antenna is complicated and the manufacturing cost is high.

SUMMARY OF THE INVENTION

[0009] A primary objective of present invention is to
provide an antenna for suppressing the gain of side lobes,
which can effectively suppress both the gain of side lobes in
the YZ plane (i.e., vertical surface) and the gain of the side
lobes in the XZ plane (i.e., azimuth plane) to improve the
resolution of detecting targets.

[0010] Another objective of the present invention is to
provide an antenna for suppressing the gain of side lobes,
which has a simple structure and low manufacturing cost.
[0011] In order to achieve the foregoing objectives, the
present invention provides an antenna for suppressing the
gain of side lobes, comprising: a substrate, a plurality of
tandem antenna units, and a power divider; the tandem
antenna units being arranged on the substrate at intervals,
and each comprising a first feed line and a plurality of
radiating elements; the radiating elements being arranged at
intervals on the first feed line, and each radiating element
being rectangular; widths of the radiating elements gradually
decreasing from middle of the first feed line to both ends of
the first feed line; the power divider being arranged on the
substrate and comprising a feeding port, a second feed line
and a plurality of transmission lines; the middle of the
second feed line is connected to the feeding port; the
transmission lines being respectively connected to the sec-
ond feed line and arranged at intervals; output powers of the
transmission lines gradually decreasing from middle of the
second feed line to both ends of the second feed line, and the
transmission lines being respectively connected to the first
feed lines.

[0012] Preferably, the radiating elements form two radia-
tion combinations from the middle of the first feed line to the
two ends of the first feed line, each radiation combination
comprises at least six radiating elements, and the width of
the each of the at least radiating elements of each radiation
combination decreases gradually from the middle of the first
feed line to one end of the first feed line.

[0013] Preferably, the at least six radiating elements of
each radiation combination are sequentially defined as a first
radiating element, a second radiating element, a third radi-
ating element, a fourth radiating element, a fifth radiating
element, and a sixth radiating element from the middle of the
first feed line to one end of the first feed line; in each
radiation combination, the width ratio of the first radiating
element, the second radiating element, the third radiating
element, the fourth radiating element, the fifth radiating
element, and the sixth radiating element is 1.45:1.4:1.23:1.
03:0.8:0.7.

[0014] Preferably, the at least six radiating elements of
each radiation combination are sequentially defined as a first
radiating element, a second radiating element, a third radi-
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ating element, a fourth radiating element, a fifth radiating
element, and a sixth radiating element from the middle of the
first feed line to one end of the first feed line; the widths of
the first radiating elements are equal, the widths of the
second radiating elements are equal, the widths of the third
radiating elements are equal, the widths of the fourth radi-
ating elements are equal, the widths of the fifth radiating
elements are equal, the widths of the sixth radiating elements
are equal, and the lengths of all the radiating elements of
each tandem antenna unit are equal.

[0015] Preferably, the transmission lines form two output
combinations from the middle of the second feed line to both
ends of the second feed line, each output combination
comprises at least four transmission lines, and the power
outputs of at least four transmission lines of each output
combination decrease gradually from the middle of the
second feed line to one end of the second feed line.

[0016] Preferably, the at least four transmission lines of
each output combination are sequentially defined as a first
transmission line, a second transmission line, a third trans-
mission line, and a fourth transmission line from the middle
of the second feed line to one end of the second feed line;
the output power ratio of the first transmission line, the
second transmission line, the third transmission line, and the
fourth transmission line of the at least four transmission
lines of each output combination is 1:0.75:0.39:0.24.

[0017] Preferably, the second feed line comprises a plu-
rality of impedance distribution and impedance converters,
the impedance distribution and impedance converters are
respectively connected to the transmission lines; by adjust-
ing the line width ratio of the transmission lines connected
with the impedance distribution and impedance converters,
the output power of the transmission lines can be made to
gradually decrease from the middle of the second feed line
to the two ends of the second feed line.

[0018] In order to achieve the foregoing objectives, the
present invention provides an antenna for suppressing the
gain of side lobes, comprising: a substrate, a plurality of
tandem antenna units, and a power divider; the tandem
antenna units being arranged on the substrate at intervals,
and each comprising a first feed line and a plurality of
radiating elements; the radiating elements being arranged at
intervals on the first feed line, and each radiating element
being rectangular; the radiating elements forming two radia-
tion combinations from the middle of the first feed line to the
two ends of the first feed line, each radiation combination
comprising at least six radiating elements, the at least six
radiating elements of each radiation combination being
sequentially defined as a first radiating element, a second
radiating element, a third radiating element, a fourth radi-
ating element, a fifth radiating element, and a sixth radiating
element from the middle of the first feed line to one end of
the first feed line; in each radiation combination, the width
ratio of the first radiating element, the second radiating
element, the third radiating element, the fourth radiating
element, the fifth radiating element, and the sixth radiating
element being 1.45:1.4:1.23:1.03:0.8:0.7; the power divider
being arranged on the substrate and comprising a feeding
port, a second feed line and a plurality of transmission lines;
the middle of the second feed line is connected to the feeding
port; the transmission lines being respectively connected to
the second feed line and arranged at intervals; the transmis-
sion lines forming two output combinations from the middle
of the second feed line to both ends of the second feed line,
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each output combination comprising at least four transmis-
sion lines, the at least four transmission lines of each output
combination are sequentially defined as a first transmission
line, a second transmission line, a third transmission line,
and a fourth transmission line from the middle of the second
feed line to one end of the second feed line; the output power
ratio of the first transmission line, the second transmission
line, the third transmission line, and the fourth transmission
line of the at least four transmission lines of each output
combination being 1:0.75:0.39:0.24; the plurality of trans-
mission lines being connected respectively to the plurality of
the first feed lines.

[0019] Preferably, the widths of the first radiating ele-
ments are equal, the widths of the second radiating elements
are equal, the widths of the third radiating elements are
equal, the widths of the fourth radiating elements are equal,
the widths of the fifth radiating elements are equal, the
widths of the sixth radiating elements are equal, and the
lengths of all the radiating elements of each tandem antenna
unit are equal.

[0020] Preferably, the second feed line comprises a plu-
rality of impedance distribution and impedance converters,
the impedance distribution and impedance converters are
respectively connected to the transmission lines; by adjust-
ing the line width ratio of the transmission lines connected
with the impedance distribution and impedance converters,
the output power of the transmission lines can be made to
gradually decrease from the middle of the second feed line
to the two ends of the second feed line.

[0021] The advantages of the present invention lie in that
the antenna for suppressing the gain of side lobes according
to the present invention can effectively suppress both the
gain of side lobes in the YZ plane (i.e., vertical surface) and
the gain of the side lobes in the XZ plane (i.e., azimuth
plane) to improve the resolution of detecting targets.
[0022] Furthermore, the power divider only needs a single
feed port to integrate a plurality of serially tandem antenna
units, which has a simple structure and low manufacturing
cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The present invention will be apparent to those
skilled in the art by reading the following detailed descrip-
tion of a preferred embodiment thereof, with reference to the
attached drawings, in which:

[0024] FIG. 1 is a schematic view illustrating an antenna
for suppressing the gain of side lobes according to an
embodiment of the present invention;

[0025] FIG. 2 is a schematic view illustrating the tandem
antenna units according to an embodiment of the present
invention;

[0026] FIG. 3 is a schematic view illustrating the power
divider according to an embodiment of the present inven-
tion;

[0027] FIG. 4 is a schematic view illustrating the connec-
tion between the first impedance distribution with the
impedance converter of the second feed line of the power
divider with the first transmission line according to an
embodiment of the present invention;

[0028] FIG. 5 is a schematic view illustrating the connec-
tion point of the second impedance distribution and the
impedance converter of the second feed line of the power
divider with the second transmission line according to an
embodiment of the present invention;
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[0029] FIG. 6 is a schematic view illustrating the connec-
tion point of the third impedance distribution and the imped-
ance converter of the second feed line of the power divider
with the third transmission line according to an embodiment
of the present invention

[0030] FIG. 7 is a schematic view illustrating the com-
parison of the radiation pattern of the YZ plane between a
conventional antenna and the antenna for suppressing the
gain of the side lobes according to an embodiment of the
present invention; and

[0031] FIG. 8 is a schematic view illustrating the com-
parison of the radiation pattern of the X7 plane between a
conventional antenna and the antenna for suppressing the
gain of the side lobes according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0032] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0033] Referring to FIG. 1, FIG. 1 is a schematic view
illustrating an antenna for suppressing the gain of side lobes
according to an embodiment of the present invention. As
shown in FIG. 1, the present invention provides an antenna
for suppressing the gain of side lobes, which comprises a
substrate 10, a plurality of tandem antenna units 20, and a
power divider 30.

[0034] The two surfaces of the substrate 10 in a Z-axis
direction are respectively defined as a first surface 11 and a
second surface (not shown), and the two sides of the
substrate 10 in a Y-axis direction are respectively defined as
a first side 13 and a second side 14, and the two sides of the
substrate 10 in an X-axis direction are defined as a third side
15 and a fourth side 16 respectively. More specifically, when
the antenna for suppressing the gain of side lobes of the
present invention is mounted on a sensor (not shown), the
first surface 11 and the second surface of the substrate 10 are
respectively facing the directions of the front and back sides
of the sensor, the first side 13 and the second side 14 of the
substrate 10 are respectively facing the directions of the
bottom and top of the sensor, and the third side 15 and the
fourth side 16 of the substrate 10 are respectively facing the
directions of the left and right sides of the sensor. The
substrate 10 is a composite material containing Teflon.
However, the material of the substrate 10 is not limited to the
above, and any material of the substrate 10 suitable as an
antenna is suitable for application in the present invention.

[0035] The tandem antenna units 20 are arranged on the
first surface 11 of the substrate 10 at intervals. The power
divider 30 is disposed on the first surface 11 of the substrate
10.

[0036] Referring to FIG. 2, FIG. 2 is a schematic view
illustrating the tandem antenna units according to an
embodiment of the present invention. As shown in FIG. 2,
each tandem antenna unit 20 comprises a first feed line 21
and a plurality of radiating elements 22. The radiating
elements 22 are arranged on the first feed line 21 at intervals,
and each radiating element 22 is rectangular (i.e., in a shape
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of'a patch), the widths of the radiating elements 22 gradually
decrease from the middle of the first feed line 21 to the two
ends of the first feed line 21.

[0037] Referring to FIG. 3, FIG. 3 is a schematic view
illustrating the power divider according to an embodiment of
the present invention. As shown in FIG. 3, the power divider
30 comprises a feed port 31, a second feed line 32, and a
plurality of transmission lines 33. The middle of the second
feed line 32 is connected to the feed port 31, and the
transmission lines 33 are respectively connected to the
second feed lines 32, and are arranged at intervals from each
other. The output power of the transmission lines 33 gradu-
ally decreases from the middle of the second feed line 32 to
the two ends of the second feed line 32. As shown in FIG.
1, the transmission lines 33 are respectively connected to the
first feed lines 21.

[0038] Asshown in FIG. 2, in a preferred embodiment, the
radiating elements 22 form two radiation combinations 201,
202 from the middle of the first feed line 21 to the two ends
of the first feed line 21, each radiation combination 201, 202
comprises at least six radiating elements 22, and the width
of the each of the at least radiating elements 22 of each
radiation combination 201, 202 decreases gradually from the
middle of the first feed line 21 to one end of the first feed line
21. Specifically, the at least six radiating elements 22 of each
radiation combination 201, 202 are sequentially defined as a
first radiating element 221, a second radiating element 222,
athird radiating element 223, a fourth radiating element 224,
a fifth radiating element 225, and a sixth radiating element
226 from the middle of the first feed line 21 to one end of
the first feed line 21. According to the Dolph-Chebyschev
power ratio design, in each radiation combination 201, 202,
the width ratio of the first radiating element 221, the second
radiating element 222, the third radiating element 223, the
fourth radiating element 224, the fifth radiating element 225,
and the sixth radiating element 226 is 1.45:1.37:1.23:1.03:
0.8:1.03. Refer to the above-mentioned power ratio, and
adjust the width of the second radiating element 222 of each
radiation combination 201, 202 and reduce the width of the
sixth radiating element 226 of each radiation combination
201, 202, and finally perform fine-tuning, so that the optimal
width ratio of the first radiating element 221, the second
radiating element 222, the third radiating element 223, the
fourth radiating element 224, the fifth radiating element 225,
and the sixth radiating element 226 of each radiation com-
bination 201, 202 is 1.45:1.4:1.23 1.03:0.8:0.7. However,
the selected algorithm is not limited to the Dolph-Cheby-
schev power ratio, and any algorithm that can suppress the
side lobe to an optimal width ratio of at least 15 dB or more
can be applied to the present invention.

[0039] Asshown in FIG. 2, in a preferred embodiment, the
widths W1 of the first radiating elements 221 are equal, the
widths W2 of the second radiating elements 222 are equal,
the widths W3 of the third radiating elements 223 are equal,
the widths W4 of the fourth radiating elements 224 are
equal, the widths W5 of the fifth radiating elements 225 are
equal, the widths W6 of the sixth radiating elements 226 are
equal, and the lengths L of all the radiating elements 22 of
each tandem antenna unit 20 are equal. In other words, the
radiating elements 22 of each tandem antenna unit 20 are
symmetrically distributed on the first feed line 21 of each
tandem antenna unit 20 according to the width ratio.
[0040] Generally speaking, the unit of width of the radi-
ating elements 22 is mm. Therefore, in a preferred embodi-
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ment, the optimal width W1 of the first radiating elements
221 is actually 1.45 mm, the optimal width W2 of the second
radiating elements 222 is actually 1.4 mm, the optimal width
W3 of the third radiating elements 223 is actually 1.23 mm,
the optimal width W4 of the fourth radiating elements 224
is actually 1.03 mm, the optimal width W5 of the fifth
radiating elements 225 is actually 0.8 mm, and the optimal
width W6 of the sixth radiating elements 226 is actually 0.7
mm.

[0041] As shownin FIG. 3, in a preferred embodiment, the
transmission lines 33 form two output combinations 301,
302 from the middle of the second feed line 32 to both ends
of'the second feed line 32, each output combination 301, 302
comprises at least four transmission lines 33. In other words,
as shown in FIG. 1, the power divider 30 comprises eight
transmission lines 33. The antenna for suppressing the gain
of side lobes of the present invention comprises eight
tandem antenna units 20, and the eight transmission lines 33
are respectively connected to the eight first feed lines 21.
The output power of the four transmission lines 33 of each
output combination 301, 302 gradually decreases from the
middle of the second feed line 32 to one end of the second
feed line 32. Specifically, the four transmission lines 33 of
each output combination 301, 302 are sequentially defined
from the middle of the second feed line 32 to one end of the
second feed line 32 as a first transmission line 331, a second
transmission line 332, a third transmission line 333, and a
fourth transmission line 334. According to the Dolph-
Chebyschev series design, the output power ratio of the first
transmission line 331, the second transmission line 332, the
third transmission line 333 and the fourth transmission line
334 of each output combination 301, 302 is 1:0.77:0.44:0.
34. Refer to the above power ratio, and reduce the output
power of the second transmission line 332, the third trans-
mission line 333, and the fourth transmission line 334 of
each output combination 301, 302, and finally fine-tune the
output power of each output combination 301, 302. The
optimal output power ratio of the transmission line 331, the
second transmission line 332, the third transmission line
333, and the fourth transmission line 334 is 1:0.75:0.39:0.
24. However, the selected algorithm is not limited to the
Dolph-Chebyschev series. Any algorithm optimal output
power ratio that can suppress the side lobe at least 15 dB or
more can be applied to the present invention.

[0042] Referring to FIG. 3-FIG. 6, FIG. 3 is a schematic
view illustrating the power divider 30 according to an
embodiment of the present invention; FIG. 4 is a schematic
view illustrating the connection between the first impedance
distribution with the impedance converter 3311 of the sec-
ond feed line 32 of the power divider 30 and the first
transmission line 331 according to an embodiment of the
present invention; FIG. 5 is a schematic view illustrating the
connection point of the second impedance distribution and
the impedance converter 3312 of the second feed line 32 of
the power divider 30 with the second transmission line 332
according to an embodiment of the present invention; FIG.
6 is a schematic view illustrating the connection point of the
third impedance distribution and the impedance converter
3313 of the second feed line 32 of the power divider 30 with
the third transmission line 333 according to an embodiment
of the present invention. As shown in FIG. 3 to FIG. 6, in a
preferred embodiment, the second feed line 32 comprises a
plurality of impedance distribution and impedance convert-
ers 321, the impedance distribution and impedance convert-
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ers 321 are respectively connected to the transmission lines
33; by adjusting the line width ratio of the transmission lines
33 connected with the impedance distribution and imped-
ance converters 321, the output power of the transmission
lines 33 can be made to gradually decrease from the middle
of the second feed line 32 to the two ends of the second feed
line 32.

[0043] More specifically, as shown in FIG. 3 to FIG. 6, the
second feed line 32 is divided into six impedance distribu-
tion and impedance converters 321, and the two impedance
distribution and impedance converters 321 connected to the
first transmission lines 331 are defined as two first imped-
ance distribution and impedance converters 3211, the two
impedance distribution and impedance converters 321 con-
nected to the second transmission lines 332 are defined as
two second impedance distribution and impedance convert-
ers 3212, and the two impedance distribution and impedance
converter 321 connected to the third transmission lines 333
are defined as two third impedance distribution and imped-
ance converter 3213.

[0044] By adjusting the line width ratio between the line
width D1 of each first impedance distribution and imped-
ance converter 3211 and the line width D2 of each first
transmission line 331, the output power of the first trans-
mission line 331 and the second transmission line 332 plus
the third transmission line 333 plus the fourth transmission
line 334 can be adjusted. By adjusting the line width ratio of
the line width D3 of each second impedance distribution and
impedance converter 3212 to the line width D4 of each first
transmission line 331, the output power of the second
transmission line 332 and the third transmission line 333
plus the fourth transmission line 334 can be adjusted. By
adjusting the line width ratio of the line width D5 of each
third impedance distribution and impedance converter 3213
to the line width D6 of each first transmission line 331, the
output power of the third transmission line 333 and the
fourth transmission line 334 can be adjusted. According to
the derivation of the S-parameter formula to evaluate the
power divider 30, S21=10*log(p2/p1), S31=10*log(p3/p1),
S41=10*log(p4/p1), S51=10*log(p5/p1), wherein p1l repre-
sents the input power of the input port 31, p2 represents the
output power of the first transmission line 331, p3 represents
the output power of the second transmission line 332, p4
represents the output power of the third transmission line
333, and p5 represents the output of the fourth transmission
line 334 power. Assume that pl=1, p2=107(S21/10)=0.159,
p3=107(S31/10)=0.120, p4=107(541/10)=0.062, p5=10"
(S51/10) =0.039. Therefore, according to the design of S21,
S31, S41, S51, the following can be obtained, p2:p3:p4:
p5=1:0.75:0.39:0.24. Hereinafter, the actual application of
the antenna for suppressing the gain of the side lobes of the
present invention installed in the sensor will be further
explained.

[0045] First, the current enters the second feed line 32
through the feed port 31. Then, the current passing through
the second feed line 32 is distributed to the transmission
lines 33 with different output powers according to the length
of the flow path and by adjusting the line width ratio of the
impedance distribution and impedance converter 321 and
the connected transmission line 33. The flow path length
refers to the length of the current from the feed port 31
through the impedance distribution and impedance convert-
ers 321 of the second feed line 32 to the transmission lines
33, and the line width ratio refers to the ratio of the line
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width of the impedance distribution and impedance con-
verter 321 to the line width of the transmission lines 33.
Then, the current passing through the transmission lines 33
is output to the first feed lines 21. Furthermore, the current
passing through the first feed lines 21 is distributed to the
radiating elements 22 according to the width ratio of the
radiating elements 22. Finally, the radiating elements 22
generate different resonance currents according to different
width ratios, leading to generating radiant energy of different
intensities.

[0046] The sensor equipped with the antenna for suppress-
ing the gain of the side lobes of the present invention can
sense the distance and speed of the target using electromag-
netic waves. The sensor can be a vehicle radar, so the
antenna for suppressing the gain of the side lobes of the
present invention uses the principle of frequency modulated
continuous wave (FMCW) to detect the distance and speed
of the target.

[0047] The following compares the radiation patterns of
the antenna for suppressing the gain of the side lobes of the
present invention and the conventional antenna, in conjunc-
tion with the drawings.

[0048] Refer to FIG. 7. FIG. 7 is a schematic view
illustrating the comparison of the radiation pattern of the YZ
plane between a conventional antenna and the antenna for
suppressing the gain of the side lobes according to an
embodiment of the present invention. The X-axis is the
angle of the azimuth angle, the unit is “degrees”; the Y-axis
is the gain, the unit is “dBi”. The maximum gain appears at
the azimuth angle of 0 degrees, and the waveform passing
through the azimuth angle of 0 degrees is the main lobe, the
two adjacent waveforms neighboring the main lobe are side
lobes, with one side lobe located at a negative azimuth angle,
and the other side lobe located at a positive azimuth angle.
[0049] As shown in FIG. 7, the YZ plane radiation pattern
of the conventional antenna has a main lobe gain of approxi-
mately 25.41 dBi, and the YZ plane radiation pattern of the
antenna for suppressing the side lobe gain of the present
invention has a main lobe gain is about 24.17 dBi. The gain
the main lobe drops by about 1.24 dBi in the YZ plane
radiation pattern of the antenna for suppressing the gain of
the side lobes of the present invention, compared to the
conventional antenna.

[0050] Also as shown in FIG. 7, the gain of the side lobe
of the negative azimuth angle of the radiation pattern of the
YZ plane of the conventional antenna is about 13.11 dBi,
and the gain of the side lobe of the negative azimuth angle
of the radiation pattern of the YZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
is about 3.18 dBi. Therefore, the gain of the side lobe of the
negative azimuth angle of the YZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
is reduced by about 9.93 dBi, compared to the gain of the
side lobe of the negative azimuth angle of the radiation
pattern of the YZ plane of the conventional antenna.
[0051] Also as shown in FIG. 7, the gain of the side lobe
of the negative azimuth angle of the radiation pattern of the
YZ plane of the conventional antenna is about 11.98 dBi,
and the gain of the side lobe of the negative azimuth angle
of the radiation pattern of the YZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
is about 2.38 dBi. Therefore, the gain of the side lobe of the
negative azimuth angle of the YZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
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is reduced by about 9.6 dBi, compared to the gain of the side
lobe of the negative azimuth angle of the radiation pattern of
the YZ plane of the conventional antenna.

[0052] As seen from the comparison result of FIG. 7, the
antenna for suppressing the gain of the side lobe of the
present invention and the conventional antenna have almost
the same area range around the maximum radiation direction
of the main lobe of the YZ plane. However, compared with
the conventional antenna, the antenna for suppressing the
gain of the side lobes of the present invention can indeed
suppress the gain of the side lobes of the YZ plane (i.e.,
vertical surface). The reason is: the widths of the radiating
elements 22 gradually decrease from the middle of the first
feed line 21 to the ends of the first feeding line 21. The wider
the width of the radiating elements 22, the stronger the
radiated energy; and the narrower the width of the radiating
elements 22, the weaker the radiated energy is. As a result,
the electromagnetic waves generated by the tandem antenna
units 20 decrease from the middle to the opposite ends, so
that the antenna for suppressing the gain of side lobes of the
present invention can suppress the gain of the side lobes in
the YZ plane (i.e., the vertical plane).

[0053] Refer to FIG. 8. FIG. 8 is a schematic view
illustrating the comparison of the radiation pattern of the XZ
plane between a conventional antenna and the antenna for
suppressing the gain of the side lobes according to an
embodiment of the present invention. The X-axis is the
angle of the azimuth angle, the unit is “degrees”; the Y-axis
is the gain, the unit is “dBi”. The maximum gain appears at
the azimuth angle of 0 degrees, and the waveform passing
through the azimuth angle of 0 degrees is the main lobe, the
two adjacent waveforms neighboring the main lobe are side
lobes, with one side lobe located at a negative azimuth angle,
and the other side lobe located at a positive azimuth angle.
[0054] As shown in FIG. 8, the XZ plane radiation pattern
of'the conventional antenna has a main lobe gain of approxi-
mately 25.41 dBi, and the XZ plane radiation pattern of the
antenna for suppressing the side lobe gain of the present
invention has a main lobe gain is about 24.17 dBi. The gain
the main lobe drops by about 1.24 dBi in the XZ plane
radiation pattern of the antenna for suppressing the gain of
the side lobes of the present invention, compared to the
conventional antenna.

[0055] Also as shown in FIG. 8, the gain of the side lobe
of the negative azimuth angle of the radiation pattern of the
XZ plane of the conventional antenna is about 12.13 dBi,
and the gain of the side lobe of the negative azimuth angle
of the radiation pattern of the XZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
is about 4.25 dBi. Therefore, the gain of the side lobe of the
negative azimuth angle of the XZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
is reduced by about 7.88 dBi, compared to the gain of the
side lobe of the negative azimuth angle of the radiation
pattern of the XZ plane of the conventional antenna.
[0056] Also as shown in FIG. 8, the gain of the side lobe
of the negative azimuth angle of the radiation pattern of the
XZ plane of the conventional antenna is about 12.15 dBi,
and the gain of the side lobe of the negative azimuth angle
of the radiation pattern of the XZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
is about 4.19 dBi. Therefore, the gain of the side lobe of the
negative azimuth angle of the XZ plane of the antenna for
suppressing the gain of the side lobe of the present invention
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is reduced by about 7.96 dBi, compared to the gain of the
side lobe of the negative azimuth angle of the radiation
pattern of the XZ plane of the conventional antenna.
[0057] As seen from the comparison result of FIG. 8, the
antenna for suppressing the gain of the side lobe of the
present invention and the conventional antenna have almost
the same area range around the maximum radiation direction
of the main lobe of the XZ plane. However, compared with
the conventional antenna, the antenna for suppressing the
gain of the side lobes of the present invention can indeed
suppress the gain of the side lobes of the XZ plane (i.e.,
horizontal surface). The reason is: because the output power
of the transmission lines 33 gradually decreases from the
middle of the second feed line 32 to both ends of the second
feed line 32, the shorter the current flow path, the larger the
ratio of the line width between the impedance distribution
and impedance converter 321 of the second feed line 32 and
the transmission lines 33 the greater the output power
obtained by the transmission lines 33. The longer the current
flow path, the smaller the line width ratio of the impedance
distribution and impedance converter 321 of the second feed
line 32 and the transmission line 33, the smaller the output
power obtained by the transmission lines 33. As a result, the
output power from the power divider 30 decreases from the
middle to the two ends. Therefore, the antenna for suppress-
ing the gain of the side lobes of the present invention can
suppress the gain of the side lobes in the XZ plane (i.e., the
azimuth plane).

[0058] Insummary, the antenna for suppressing the gain of
side lobes according to the present invention can effectively
suppress both the gain of side lobes in the YZ plane (i.e.,
vertical surface) and the gain of the side lobes in the XZ
plane (i.e., azimuth plane) to improve the resolution of
detecting targets.

[0059] Furthermore, the power divider 30 only needs a
single feed port 31 to integrate a plurality of serially tandem
antenna units, which has a simple structure and low manu-
facturing cost.

[0060] Although the present invention has been described
with reference to the preferred embodiments thereof, it is
apparent to those skilled in the art that a variety of modifi-
cations and changes may be made without departing from
the scope of the present invention which is intended to be
defined by the appended claims.

What is claimed is:

1. An antenna for suppressing the gain of side lobes,

comprising:

a substrate;

a plurality of tandem antenna units, the tandem antenna
units being arranged on the substrate at intervals, and
each comprising a first feed line and a plurality of
radiating elements; the radiating elements being
arranged at intervals on the first feed line, and each
radiating element being rectangular; widths of the
radiating elements gradually decreasing from middle of
the first feed line to both ends of the first feed line; and

a power divider; the power divider being arranged on the
substrate and comprising a feeding port, a second feed
line and a plurality of transmission lines; the middle of
the second feed line is connected to the feeding port;
the transmission lines being respectively connected to
the second feed line and arranged at intervals; output
powers of the transmission lines gradually decreasing
from middle of the second feed line to both ends of the
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second feed line, and the transmission lines being
respectively connected to the first feed lines.

2. The antenna for suppressing the gain of side lobes
according to claim 1, wherein the radiating elements form
two radiation combinations from the middle of the first feed
line to the two ends of the first feed line, each radiation
combination comprises at least six radiating elements, and
the width of the each of the at least radiating elements of
each radiation combination decreases gradually from the
middle of the first feed line to one end of the first feed line.

3. The antenna for suppressing the gain of side lobes
according to claim 2, wherein the at least six radiating
elements of each radiation combination are sequentially
defined as a first radiating element, a second radiating
element, a third radiating element, a fourth radiating ele-
ment, a fifth radiating element, and a sixth radiating element
from the middle of the first feed line to one end of the first
feed line; in each radiation combination, the width ratio of
the first radiating element, the second radiating element, the
third radiating element, the fourth radiating element, the fifth
radiating element, and the sixth radiating element is 1.45:
1.4:1.23:1.03:0.8:0.7.

4. The antenna for suppressing the gain of side lobes
according to claim 2, wherein the at least six radiating
elements of each radiation combination are sequentially
defined as a first radiating element, a second radiating
element, a third radiating element, a fourth radiating ele-
ment, a fifth radiating element, and a sixth radiating element
from the middle of the first feed line to one end of the first
feed line; the widths of the first radiating elements are equal,
the widths of the second radiating elements are equal, the
widths of the third radiating elements are equal, the widths
of the fourth radiating elements are equal, the widths of the
fifth radiating elements are equal, the widths of the sixth
radiating elements are equal, and the lengths of all the
radiating elements of each tandem antenna unit are equal.

5. The antenna for suppressing the gain of side lobes
according to claim 1, wherein the transmission lines form
two output combinations from the middle of the second feed
line to both ends of the second feed line, each output
combination comprises at least four transmission lines, and
the power outputs of at least four transmission lines of each
output combination decrease gradually from the middle of
the second feed line to one end of the second feed line.

6. The antenna for suppressing the gain of side lobes
according to claim 5, wherein the at least four transmission
lines of each output combination are sequentially defined as
a first transmission line, a second transmission line, a third
transmission line, and a fourth transmission line from the
middle of the second feed line to one end of the second feed
line; the output power ratio of the first transmission line, the
second transmission line, the third transmission line, and the
fourth transmission line of the at least four transmission
lines of each output combination is 1:0.75:0.39:0.24.

7. The antenna for suppressing the gain of side lobes
according to claim 1, wherein the second feed line comprises
a plurality of impedance distribution and impedance con-
verters, the impedance distribution and impedance convert-
ers are respectively connected to the transmission lines; by
adjusting the line width ratio of the transmission lines
connected with the impedance distribution and impedance
converters, the output power of the transmission lines can be
made to gradually decrease from the middle of the second
feed line to the two ends of the second feed line.
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7
8. An antenna for suppressing the gain of side lobes, prising at least four transmission lines, the at least four
comprising: transmission lines of each output combination are
a substrate; sequentially defined as a first transmission line, a
a plurality of tandem antenna units, the tandem antenna second transmission line, a third transmission line, and

a fourth transmission line from the middle of the
second feed line to one end of the second feed line; the
output power ratio of the first transmission line, the
second transmission line, the third transmission line,

units being arranged on the substrate at intervals, and
each comprising a first feed line and a plurality of
radiating elements; the radiating elements being
arranged at intervals on the first feed line, and each e .
radiating element being rectangular; the radiating ele- and the fourth transmission line of the at least four
ments forming two radiation combinations from the transmission lines of each output combination being
middle of the first feed line to the two ends of the first 1:0.75:0.39:0.24; the plurality of transmission lines
feed line, each radiation combination comprising at being .connected respectively to the plurality of the first
least six radiating elements, the at least six radiating feed lines. ) ) )

elements of each radiation combination being sequen- 9. The antenna for suppressing the gain of side lobes
tially defined as a first radiating element, a second according to claim 8, wherein the widths of the first radiating

radiating element, a third radiating element, a fourth clements are equal, the widths of the second radiating
radiating element, a fifth radiating element, and a sixth elements are equal, the widths of the third radiating elements

radiating element from the middle of the first feed line are equal, the widths of the fth radiating elements are
to one end of the first feed line; in each radiation equal, the widths of the fifth radiating elements are equal, the
combination, the width ratio of the first radiating ele- widths of the sixth .ra(.iiating elements are equal, and the
ment, the second radiating element, the third radiating leggths of all the radiating elements of each tandem antenna
element, the fourth radiating element, the fifth radiating unit are equal.

element, and the sixth radiating element being 1.45:1. 10. The antenna for suppressing the gain of side lobes
4:1.23:1.03:0.8:0.7: and according to claim 8, wherein the second feed line comprises

a plurality of impedance distribution and impedance con-
verters, the impedance distribution and impedance convert-
ers are respectively connected to the transmission lines; by
adjusting the line width ratio of the transmission lines
connected with the impedance distribution and impedance
converters, the output power of the transmission lines can be
made to gradually decrease from the middle of the second
feed line to the two ends of the second feed line.

a power divider; the power divider being arranged on the
substrate and comprising a feeding port, a second feed
line and a plurality of transmission lines; the middle of
the second feed line is connected to the feeding port;
the transmission lines being respectively connected to
the second feed line and arranged at intervals; the
transmission lines forming two output combinations
from the middle of the second feed line to both ends of
the second feed line, each output combination com- L



