EP 3 780 274 A1

(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(43) Date of publication:
17.02.2021 Bulletin 2021/07

(21) Application number: 19191491.0

(22) Date of filing: 13.08.2019

(11) EP 3780 274 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
HO01Q 3/26 (2006.:01) H01Q 21/00 (2006.07)
HO01Q 21/06 (2°96.0") HO01Q 21/08 (2006.07)

HO1Q 1/32 (2006.01)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(71) Applicant: Veoneer Sweden AB
447 83 Vargarda (SE)

(72) Inventors:
¢ Moss, Jonathan
85716 Unterschleissheim (DE)

Nainwal, Krishnakant

560045 Bangalore (IN)

Fuchs, Martin

85716 Unterschleissheim (DE)
Jenkins, Alan

85716 Unterschleissheim (DE)
Goelz, Hansjerg

85716 Unterschleissheim (DE)
Marsch, Sebastian

97464 Niederwerrn (DE)
Lefevre, Andreas

97464 Niederwerrn (DE)

(74) Representative: Westpatent AB

Almekarrsvagen 11
443 39 Lerum (SE)

(54) AN ARRAY ANTENNA ARRANGEMENT
(67)  The present disclosure relates to an array an-
tenna arrangement (20, 31, 52, 100, 200) comprising at
least two array antennas (21, 22; 32, 33, 34, 53, 54; 101,
103, 105; 201, 203, 205) and at least two amplifier ar-
rangement (23, 24; 35, 36, 37; 107, 108, 109; 207, 208,
209). Each array antenna (21, 22; 32, 33, 34, 53, 54; 101,
103, 105; 201, 203, 205) has a corresponding antenna
aperture (25, 26; 38, 39, 40, 57, 58; 102, 104, 106; 202,
204, 206), and each amplifier arrangement (23, 24; 35,
36, 37; 107, 108, 109; 207, 208, 209) comprises a cor-
responding power amplifier (27, 28; 41, 42,43; 110, 111,
112; 210, 211, 212) and a corresponding phase shifter
device (29, 30; 44, 45,46; 113, 114, 115; 213, 214, 215).
A first amplifier arrangement (23, 35, 107, 207) is con-
nected to a first array antenna (21, 32, 101, 201) having
a first antenna aperture (25, 38, 102, 202), and a second
amplifier arrangement (24, 36, 108, 209) is connected to
a second array antenna (22, 33, 53, 103, 205) having a
second antenna aperture (26, 39, 57, 104, 206). The first
antenna aperture (25, 38, 102, 202) has a size that differs
from a size of the second antenna aperture (26, 39, 57,
104, 206).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 780 274 A1 2

Description

[0001] The present disclosure relates to an array an-
tenna arrangement that comprises at least two array an-
tennas and at least two amplifier arrangement. Each ar-
ray antenna has a corresponding antenna aperture, and
each amplifier arrangement comprises a corresponding
power amplifier and a corresponding phase shifter de-
vice.

[0002] Many vehicle radar systems comprise radar
transceivers that are arranged for generating radar sig-
nals that are transmitted in a transmitter, reflected and
received in areceiver. The radar signals may for example
be in the form of FMCW (Frequency Modulated Contin-
uous Wave) signals.

[0003] Forreception and transmission of such signals,
vehicle radar systems comprises radar antennas for both
reception and transmission, where these antennas are
formed in many ways. Radar antennas are normally ar-
ranged to perform scanning in an azimuth direction, for
example by means of digital beamforming. This means
that in the azimuth plane, a broad antenna beam pattern
illuminating the entire angular area of interest has to be
radiated.

[0004] Orthogonal to the azimuth direction, in the ele-
vation direction, the antenna beam pattern is focused
into a narrow antenna beam pattern, such that the radi-
ated energy is maximized towards the horizon. This pro-
vides maximum range.

[0005] Vehicle radar systems will be used increasingly
for highly autonomous driving and should become more
and more sensitive to small objects, or objects with low
reflectivity such as bicycles and motorbikes.

[0006] Itis desired that vehicle radar systems can de-
tect objects at increased distances, typically at non-zero
azimuth angles, and also see near roadside features
which may be at non-zero elevation angles.

[0007] An increased range requires an improved an-
tenna arrangement; one known method is to increase
the length of the transmission antenna which, however,
this has the effect of narrowing the pattern in elevation.
Another known method is simultaneous transmission
from two RF amplifiers feeding two side-by-side anten-
nas. However this produces nulls in the azimuth pattern
due to cancellation.

[0008] The object of the present disclosure is thus to
provide an improved antenna arrangement according to
the above.

[0009] This object is achieved by means of an array
antenna arrangement that comprises at least two array
antennas and at least two amplifier arrangement. Each
array antenna has a corresponding antenna aperture,
and each amplifier arrangement comprises a corre-
sponding power amplifier and a corresponding phase
shifter device. A first amplifier arrangement is connected
to a first array antenna having a first antenna aperture,
and a second amplifier arrangement is connected to a
second array antenna having a second antenna aperture.
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The first antenna aperture has a size that differs from a
size of the second antenna aperture.

[0010] This makes it possible to obtain a desired direc-
tionality, elevation beamwidth, and also makes it possible
to avoid nulls in a combined beam pattern. Such a com-
bined beam pattern can cover both distant and close-in
targets with only one transmission mode, saving compu-
tational resources and silicon size.

[0011] According to some aspects, at least one array
antenna comprises at least two linear arrays.

[0012] According to some aspects, at least two linear
arrays comprised in one array antenna have different
lengths.

[0013] In other words, the present disclosure is appli-

cable for a large variety of array antenna configurations.
[0014] According to some aspects, the first array an-
tenna is adapted to radiate a first antenna beam pattern
and the second array antenna is adapted to radiate a
second antenna beam pattern. The first antenna beam
pattern has a first 3dB beamwidth and the second anten-
na beam pattern has a second 3dB beamwidth that falls
below the first 3dB beamwidth.

[0015] According to some aspects, the at least two ar-
ray antennas are adapted to radiate a common antenna
beam pattern, where the amplifier arrangements either
are preset for providing a certain predefined common
antenna beam pattern, or are adjustable for providing an
adjustable common antenna beam pattern.

[0016] According to some aspects, the phase shifter
devices are adapted to provide signal phases that pro-
vide a desired radar illumination with null suppression
and a desired elevation beamwidth.

[0017] According to some aspects, the power amplifi-
ers are adapted to provide signal amplitudes that provide
a desired radar illumination with null suppression and a
desired elevation beamwidth.

[0018] According to some aspects, the array antenna
arrangement comprises a control unit, where the ampli-
fier arrangements are connected to the control unit that
is adapted to control the phase shifter devices and/or the
power amplifiers.

[0019] This means thatthe beam pattern can be easily
controlled.
[0020] According to some aspects, at least one array

antenna is either connected to ground or unconnected,
left open.

[0021] According to some aspects, at least two array
antennas are mutually vertically displaced by a certain
displacement distance.

[0022] In this way, many different array antenna con-
figurations are possible within the scope of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The present disclosure will now be described

more in detail with reference to the appended drawings,
where:



3 EP 3 780 274 A1 4

Figure 1 shows a schematic side view of a vehicle;

Figure 2 shows a schematic and simplified view of
a radar system;

Figure 3 shows a schematic front view of a first ex-
ample of an array antenna arrangement;

Figure 4 shows a schematic front view of a second
example of an array antenna arrangement;

Figure 5 shows a schematic top view of an array an-
tenna arrangement with separate azimuth
antenna beam patterns;

Figure 6 shows a schematic top view of an array an-
tenna arrangement with a combined azi-
muth antenna beam patterns;

Figure 7 shows a schematic side view of an array
antenna arrangement with a combined el-
evation antenna beam patterns; and

Figure 8 shows a schematic front view of a third ex-
ample of an array antenna arrangement;

Figure 9 shows a schematic front view of a fourth
example of an array antenna arrangement;
and

Figure 10  shows a schematic front view of a fifth ex-

ample of an array antenna arrangement.
DETAILED DESCRIPTION

[0024] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which certain embodiments of the inven-
tive concept are shown. This inventive concept may,
however, be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein; rather, these embodiments are provided
by way of example so that this disclosure will be thorough
and complete, and will fully convey the scope of the in-
ventive concept to those skilled in the art. Like numbers
refer to like elements throughout the description.
[0025] Figure 1 schematically shows a side view a ve-
hicle 1 that runs on a road 2 in a forward direction F with
a certain vehicle velocity, where the vehicle 1 comprises
a vehicle radar system 3 which is arranged to distinguish
and/or resolve single targets from the surroundings by
using a Doppler effect in a previously well-known man-
ner, i.e. successive echoes from the same point are su-
perimposed and identified by means of Doppler effect.
In this example, the radar system 3 has a main field of
view 10 thatis aimed in a pointing direction P that extends
more orless in the same direction as the forward direction
F.
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[0026] Withreference alsotoFigure 2, showing asche-
matic and simplified view of the radar system 3, the radar
system 3 comprises a transmitter arrangement 4 which
in turn comprises a signal generator 5 and a transmitter
antenna arrangement 6. The vehicle radar system 3 fur-
ther comprises a receiver arrangement 7, which in turn
comprises a receiver 8 and a receiver antenna arrange-
ment 9. In this example, FMCW (Frequency Modulated
Continuous Wave) signals are transmitted in a previously
well-known manner, such a signal comprising a plurality
of FMCW ramps. The radar system 3 also comprises a
control unit 13 that may be regarded as a control unit
arrangement that is in the form of one unit or several units
that either co-operate or handle different tasks more or
less independently. The control unit 13 is according to
some aspects arranged to control the transmitter ar-
rangement 4 and the receiver arrangement 7, and to
process the received signals.

[0027] In the following, a transmitter antenna arrange-
ment 6 that is constituted by an array antenna arrange-
ment 20 will we discussed.

[0028] With reference to Figure 3, showing a front view
of a first example of an array antenna arrangement 20,
the array antenna arrangement 20 comprises afirstarray
antenna 21 with a first antenna aperture 25, a second
array antenna 22 with a second antenna aperture 26, a
first amplifier arrangement 23 and a second amplifier ar-
rangement 24. The first amplifier arrangement 23 com-
prises a first power amplifier 27 and a first phase shifter
device 29, and the second amplifier arrangement 24
comprises a second power amplifier 28 and a second
phase shifter device 30.

[0029] The first amplifier arrangement 23 is connected
to the first array antenna 21 and the second amplifier
arrangement 24 is connected to the second array anten-
na 22.

[0030] According tothe presentdisclosure, the first an-
tenna aperture 25 has a size that differs from a size of
the second antenna aperture 26. Here, the first antenna
aperture 25 has a size that falls below the size of the
second antenna aperture 26. This is due to the fact that
the firstarray antenna 21 is shorter than the second array
antenna 22, each array antenna 21, 22 being consisted
by a respective linear array. According to some aspects,
the size of a antenna aperture corresponds to an area of
an antenna aperture.

[0031] According to some aspects, the array antenna
arrangement 20 comprises a control unit 61, where the
amplifier arrangements 23, 24 are connected to the con-
trol unit 61 that is adapted to control the phase shifter
devices 29, 30. According to some aspects, the control
unit 61 is adapted to control the power amplifiers 27, 28,
either separately or in combination with the phase shifter
devices 29, 30.

[0032] Using different array antenna aperture sizes,
preferably in combination with controlling the amplifier
arrangements 23, 24 provides required directionality, el-
evation beamwidth and also makes it possible to avoid
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nulls in a combined beam pattern as will be described
later.

[0033] Withreference to Figure 4, showing a front view
of a second example of an array antenna arrangement
31, the array antenna arrangement 31 comprises a first
central array antenna 32 with a first antenna aperture 38,
a second lateral array antenna 33 with a second antenna
aperture 39, and a third lateral array antenna 34 with a
third antenna aperture 40. The array antenna arrange-
ment 31 further comprises a first amplifier arrangement
35 with a corresponding first power amplifier 41 and first
phase shifter device 44, a second amplifier arrangement
36 with a corresponding second power amplifier 42 and
second phase shifter device 45, and a third amplifier ar-
rangement 37 with a corresponding third power amplifier
43 and third phase shifter device 46

[0034] The first amplifier arrangement 35 is connected
to the first array antenna 32, the second amplifier ar-
rangement 36 is connected to the second array antenna
33, and the third amplifier arrangement 37 is connected
to the third array antenna 34.

[0035] Inaccordance with the presentdisclosure, there
are antenna apertures of different sizes; the second an-
tenna aperture 39 and the third antenna aperture 40 are
of the same size, a size that exceeds the size of the first
antenna aperture 38. This is in this example due to the
fact that the first array antenna 32 is constituted by a
single linear array, while the second array antenna 33 is
constituted by two single linear arrays 33A, 33B and the
third array antenna 34 is constituted by two single linear
arrays 34A, 34B.

[0036] According to some aspects, the two linear ar-
rays 33A, 33B; 33A, 34B in each array antenna 33, 34
are of mutually different lengths. The second amplifier
arrangement 36 is connected to the single linear arrays
33A, 33B of the second array antenna 33 via afirst power
divider 63, and the third amplifier arrangement 37 is con-
nected to the single linear arrays 34A, 34B of the second
array antenna 34 via a second power divider 64.

[0037] According to some aspects, the array antenna
arrangement 31 comprises a control unit 62, where the
amplifier arrangements 35, 36, 37 are connected to the
control unit 62 that is adapted to control the phase shifter
devices 44, 45, 46. According to some aspects, the con-
trol unit 62 is adapted to control the power amplifiers 41,
42,43, either separately orin combination with the phase
shifter devices 44, 45, 46.

[0038] Using different array antenna aperture sizes,
preferably in combination with controlling the amplifier
arrangements 35, 36, 37 provides properties such as re-
quired directionality, elevation beamwidth and enabling
avoiding nulls in a combined beam pattern, as will be
discussed more in detail below.

[0039] With maintained reference to Figure 4, as illus-
trated in Figure 5, showing a top view of the array antenna
arrangement 31, the first array antenna 32 is adapted to
radiate a first azimuth antenna beam pattern 47 being
fed at a corresponding first antenna port 68, the second
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array antenna 33 is adapted to radiate a second azimuth
antenna beam pattern 48 being fed at a corresponding
second antenna port 69 and the third array antenna 34
is adapted to radiate a third azimuth antenna beam pat-
tern 49 being fed at a corresponding third antenna port
70.

[0040] The first azimuth antenna beam pattern 47 has
afirst 3dB beamwidth, the second azimuth antenna beam
pattern has 48 a second 3dB beamwidth and the third
azimuth antenna beam pattern 49 a third 3dB beamwidth
that is the same as the second 3dB beamwidth. The first
3dB beamwidth exceeds the second 3dB beamwidth and
the third 3dB beamwidth. The different 3dB beamwidths
are due to the different sizes of the antenna apertures
38, 39, 40 as shown in Figure 4.

[0041] With reference also to Figure 6, a combined az-
imuth antenna beam pattern 50 is formed from these an-
tenna beam patterns 47, 48, 49 via the amplifier arrange-
ments 35, 36, 37, where the combined azimuth antenna
beam pattern 50 has a certain direction D for its maximum
power. The combined azimuth antenna beam pattern 50
is formed by feeding corresponding beam ports 65, 66,
67 that are connected to the amplifier arrangements 35,
36, 37.

[0042] Correspondingly, with reference also to Figure
7, a combined elevation antenna beam pattern 51 is
formed from these antenna beam patterns 47, 48, 49.
[0043] This means that the array antennas 32, 33, 34
are adapted to radiate a combined antenna beam pattern
50, 51, where the amplifier arrangements 35, 36, 37 ei-
therare presetfor providing a certain predefined common
antenna beam pattern 50, 51, or adjustable by means of
the control unit 62 for providing an adjustable common
antenna beam pattern 50, 51.

[0044] According to some aspects, in this manner, by
using three power amplifiers 41, 42, 43 as well as a com-
bination of 1D and 2D antenna structures, sensitivity can
be increased and the transmission energy can be fo-
cused in certain directions.

[0045] According to some aspects, by optimizing the
array antennas, combined with varying the phase of the
signal from the plurality of power amplifiers, a desired
transmission combined antenna beam pattern 50, 51
shape can be created. This is primarily in azimuth but
also elevation. The array antenna arrangement 31 may
comprise a combination of narrow elevation beam array
antennas and wider beam array antennas which together
will provide good distance performance and information
from closer range objects.

[0046] According to some aspects, in order to avoid
nulls in the combined antenna beam pattern 50, 51, at
least at certain azimuth angles where the combined sig-
nals cancel, the amplitude output of the power amplifiers
41,42, 43 can be varied, or the amplitude may be varied
using the array antennas and power splitters 63, 64. The
signal energy may according to some aspects be split
unequally to the linear arrays 33A, 33B; 24A, 34B, where
possible phase difference between a set of the linear



7 EP 3 780 274 A1 8

arrays 33A, 33B; 24A, 34B can be set by the feeder
lengths or the splitter design of the splitters 63, 64.
[0047] If power amplifier amplitude is varied, this may
be performed either at a calibration stage at sensor end
of line, or updated during operation based on monitoring
of the amplitude of targets.

[0048] According to some aspects, the amplitude var-
iation is provided by means of amplitude tapering in the
antenna field, avoiding amplitude tapering as this reduc-
es the efficiency.

[0049] Similar properties can be obtained from corre-
sponding antenna ports 84, 85 and beam ports 86, 87 in
the first example with reference to Figure 3 as well. Sim-
ilar properties can be obtained from corresponding an-
tenna ports 84, 85 and beam ports 86, 87 for the following
examples as well.

[0050] Accordingtosome aspects, for allexamples de-
scribed and also generally, the presentdisclosure relates
to using a mix of longer and shorter array antennas 21,
22; 32, 33, 34 that provide differently sized antenna ap-
ertures 25, 26; 38, 39, 40 in an array antenna arrange-
ment 20, 31 where at least one antenna aperture has a
size that differs from the size of another antenna aperture.
The array antennas 21, 22; 32, 33, 34 can be fed in par-
allel from separate power amplifier arrangements 23, 24;
35, 36, 37. By optimizing the phase, and possibly also
the amplitude of the signal from each power amplifier
arrangement 23, 24; 35, 36, 37, a desired combined an-
tenna beam pattern 50, 51 in azimuth and elevation can
be obtained, providing an optimized radar illumination
without nulls and with sufficient elevation beamwidth.
[0051] According to some aspects, this optimization
may be performed using simulations or may be calibrated
at end of line, e.g. in a chamber, where the phases, and
possibly also amplitudes, can be adapted.

[0052] With reference to Figure 8, showing a front view
of a third example of an array antenna arrangement 52,
there is an arrangement similar to the one described with
reference to Figure 4. The array antenna arrangement
51 comprises a first central array antenna 32 that is con-
nected to a first amplifier arrangement 35 in the same
way as described for the second example. Here, there
is a second lateral array antenna 53 with a second an-
tenna aperture 57, and a third lateral array antenna 54
with a third antenna aperture 58. A second amplifier ar-
rangement 36 is connected to the second lateral array
antenna 53 and a third amplifier arrangement 37 is con-
nected to the third lateral array antenna 54.

[0053] Here, the second lateral array antenna 53 and
the third lateral array antenna 54 are single linear arrays,
only comprising one line of antenna elements each. Be-
tween the second lateral array antenna 53 and the first
central array antenna 32 there is a first parasitic array
antenna 55, and between the third lateral array antenna
54 and the first central array antenna 32 there is a second
parasitic array antenna 56. Each parasitic array antenna
55, 56 has a corresponding antenna aperture 59, 60.
[0054] The parasitic array antennas 55, 56 are either
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connected to ground or unconnected, left open, and are
intended to further enhance the combined antenna beam
pattern. For illustrative reasons, the first parasitic array
antenna 55 is shown unconnected, and the second par-
asitic array antenna 56 is shown connected to ground.
Often only one of these alternatives is used.

[0055] Corresponding antenna ports 68, 80, 81 and
beam ports 65, 82, 83 are provided here as well. The
array antenna arrangement 52 comprises a control unit
62 of the same kind as described previously.

[0056] Another example of an array antenna arrange-
ment comprising parasitic array antennas will be dis-
closed later.

[0057] In the following, three further examples of an-
tenna arrangements according to the present disclosure
will be disclosed.

[0058] With reference to Figure 9, showing a front view
of a fourth example of an array antenna arrangement
100, the array antenna arrangement 100 comprises a
first four-column array antenna 101 with a first antenna
aperture 102, a second single-column array antenna 103
with a second antenna aperture 104, and a third single-
column array antenna 105 with a third antenna aperture
106. The array antenna arrangement 100 further com-
prises a corresponding amplifier arrangement 107, 108,
109 for each array antenna 101, 103, 105, each amplifier
arrangement 107, 108, 109 comprising a corresponding
power amplifier 110, 111, 112 and first phase shifter de-
vice 113, 114, 115 in a manner similar to the previous
examples.

[0059] Inaccordance withthe presentdisclosure, there
are antenna apertures of different sizes; the second an-
tenna aperture 104 and the third antenna aperture 106
are of the same size, a size that falls below the size of
the first antenna aperture 102. This is in this example
due to the fact that the firstarray antenna 32 is constituted
by four single linear arrays 101A, 101B, 101C, 101D,
each single linear array 101A, 101B, 101C, 101D having
a number of antenna elements 116 that exceeds the
number of antenna elements 117, 118 of any one of the
second array antenna 103 and the third array antenna
105. The second array antenna 103 and the third array
antenna 105 are furthermore mutually vertically dis-
placed by a certain displacement distance dy. According
to some aspects, the second antenna aperture 104 and
the third antenna aperture 106 can be of mutually differ-
ent sizes.

[0060] The foursingle lineararrays 101A, 101B, 101C,
101D of the first array antenna 101 are connected to a
first beam port 121 via a first power divider 119, a first
antenna port 120 and a first amplifier arrangement 107.
The second array antenna 103 and the third array anten-
na 105 are connected to a corresponding beam port 122,
123 via a corresponding antenna port 124, 125 and am-
plifier arrangement 108, 109.

[0061] According to some aspects, the array antenna
arrangement 100 comprises a control unit 162, where
the amplifier arrangements 107, 108, 109 are connected
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to the control unit 162 that is adapted to control the phase
shifter devices 113, 114, 115. According to some as-
pects, the control unit 162 is adapted to control the power
amplifiers 110, 111, 112, either separately or in combi-
nation with the phase shifter devices 113, 114, 115.
[0062] With reference to Figure 10, showing a front
view of a fifth example of an array antenna arrangement
200, the array antenna arrangement 200 comprises a
first two-column array antenna 201 with a first antenna
aperture 202, a second two-column array antenna 203
with a second antenna aperture 204, and a third single-
column array antenna 205 with a third antenna aperture
206. The array antenna arrangement 200 further com-
prises a corresponding amplifier arrangement 207, 208,
209 for each array antenna 201, 203, 205, each amplifier
arrangement 207, 208, 209 comprising a corresponding
power amplifier 210, 211, 212 and first phase shifter de-
vice 213, 214, 215 in a manner similar to the previous
examples.

[0063] Inaccordance with the presentdisclosure, there
are antenna apertures of different sizes; the first antenna
aperture 202 and the second antenna aperture 204 are
of the same size, a size that exceeds the size of the third
antenna aperture 206. This is in this example due to the
fact that the first array antenna 201 and the second array
antenna 203 both are constituted by two single linear
arrays 201A, 201B; 203A, 203B, each single linear array
201A, 201B; 203A, 203B having a number of antenna
elements 216, 217 that exceeds the number of antenna
elements 218 of the third array antenna 205.

[0064] The foursingle linear arrays 201A, 201B; 203A,
203B of the first array antenna 201 and the second array
antenna 203 are connected to a corresponding beam
port 221, 222 via a corresponding power divider 219,
220, a corresponding antenna port 223, 224 and a cor-
responding amplifier arrangement 207, 208. The third
array antenna 205 is connected to a corresponding beam
port 225 via a corresponding antenna port 226 and am-
plifier arrangement 209.

[0065] According to some aspects, the array antenna
arrangement 200 comprises a control unit 262, where
the amplifier arrangements 207, 208, 209 are connected
to the control unit 262 that is adapted to control the phase
shifter devices 213, 214, 215. According to some as-
pects, the control unit 262 is adapted to control the power
amplifiers 210, 211, 212, either separately or in combi-
nation with the phase shifter devices 213, 214, 215.
[0066] In a similar manner as described for the third
example, there is a first parasitic array antenna 255 at
one side and a second parasitic array antenna 256 at
another side such that the array antennas 201, 203, 205
are positioned between the parasitic array antennas 255,
256. Each parasitic array antenna 255, 256 has a corre-
sponding antenna aperture 259, 260. more in detail, the
first parasitic array antenna 255 has a first parasitic an-
tenna aperture 259 and the second parasitic array an-
tenna 256 has a second parasitic antenna aperture 260
that has a size that falls below the size of the first parasitic
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antenna aperture 259. this is due to the fact that the first
parasitic antenna 255 has a number of antenna elements
276 that exceeds the number of antenna elements 278
of the second parasitic array antenna 256.

[0067] The parasitic array antennas 255, 256 are either
connected to ground or unconnected, left open, and are
intended to further enhance the combined antenna beam
pattern. For illustrative reasons, the first parasitic array
antenna 255 is shown unconnected, and the second par-
asitic array antenna 256 is shown connected to ground.
Often only one of these alternatives is used.

[0068] Parasitic array antennas, as well as the other
array antennas described, can thus have any suitable
position in the array antenna arrangement in question,
and can have different antenna aperture sizes as well as
vertical positions. The horizontal spacing can also be var-
ied such that a desired radiation pattern can be obtained.
[0069] All examples disclosing parasitic antenna ar-
rays can of course be used without parasitic antenna
arrays. In that case, according to some aspects there are
four single linear arrays 201A, 201B; 203A, 203B that
are identical and are fed from two antenna ports 223,
224. Only the third single-column array antenna 205 is
different and is fed directly at an antenna port 226. Ac-
cording to some further aspects, the four identical single
linear arrays 201A, 201B; 203A, 203B will have a fixed
phase shift between them defined by the length of the
traces. These may be the same phase or different for the
two pairs.

[0070] The fourth example is according to some as-
pects similar where there are four single linear arrays
101A, 101B; 103A, 103B that are identical and are fed
from one antenna port 120. The second single-column
array antenna 103 and the third single-column array an-
tenna 105 are differently sized and fed directly at respec-
tive antenna ports 124, 125. According to some further
aspects, the two pairs of identical single linear arrays
101A, 101B; 103A, 103B will have a fixed phase shift
between them defined by the length of the traces. These
may be the same phase or different for the two pairs.
[0071] As mentioned previously, the present disclo-
sure relates to using a mix of longer and shorter array
antennas that provide differently sized antenna apertures
in an array antenna arrangement where at least one an-
tenna aperture has a size that differs from the size of
another antenna aperture. The array antennas can ac-
cording to some aspects be fed in parallel from separate
power amplifier arrangements. By optimizing the phase,
and possibly also the amplitude of the signal from each
power amplifier arrangement, a desired combined anten-
na beam pattern in azimuth and elevation can be ob-
tained, providing an optimized radar illumination without
nulls and with sufficient elevation beamwidth.

[0072] Generally,there are atleasttwo array antennas,
where each array antenna comprises at least one row of
antenna elements. Each array antenna, also each para-
sitic array antenna, is thus either one-dimensional or two-
dimensional.
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[0073] According to some aspects, the array antennas
are in the form of microstrip antennas, where there are
structures that have been etched from an initial copper
layer on a dielectric material in a well-known-manner, for
examples series-fed patches 71, 72; 73, 74, 75; 76, 77,
78,79;116,117,118;216,217,218,276, 278 (one patch
schematically indicated for each array antenna in Figure
3, Figure 4 and Figure 8). A linear array of series-fed
patches are normally designed as a string of patches that
are interconnected and fed atan antenna portthat serves
as a feeding point. The size of the patches may taper
along the length of the linear array to form the elevation
beam pattern.

[0074] According to some aspects, with reference to
Figure 1 and Figure 9, the transmitter arrangement 4 is
adapted to transmit a block of FMCW ramps, or radar
chirps, inrapid succession followed by a processing time.
According to some further aspects, the transmission
phases within such a block of radar chirps is changed
(modulated) in order to allow them to be separated during
processing.

[0075] For example, for a block of 256 radar chirps,
the RF phases are changed after chirp number 64, after
chirp number 128 and after chirp number 192 based on
an orthogonal coding scheme. This will enable separa-
tion of the channels suchthatan SAR (Synthetic Aperture
Radar) or MIMO (Multiple Input Multiple Output) system
is created.

[0076] The present disclosure is not limited to the
above, but may vary within the scope of the appended
claims. For example, other antenna elements are of
course conceivable, such as for example aperture-fed
patches, dipole antenna elements and slotantennas. The
array antennas can be made in other manners, such as
for example by means of screen-printing or cutting in met-
al sheets or foils.

[0077] Many different power combiner/divider and
phase shifter arrangements are of course conceivable,
the one shown only being one example. The phase shift-
ers need not be controlled by a control unit, but can al-
ternatively be manually controllable and even fixed, for
example in the form of transmission delay lines.

[0078] The array antenna arrangement according to
the present disclosure can be used in a vehicle radar
system, but can of course be used in any suitable context
such as microwave links or similar.

[0079] All sizes and lengths are in terms of wave-
lengths of an operational frequency, being constituted by
electrical sizes and lengths.

[0080] The combined beam can be created by com-
bining the beam ports 86, 87; 65, 66, 67; 65, 82, 83 in
any suitable way. For example applying a phase shift of
0° and 127° to the beam ports 86, 87 in Figure 3 will
create a beam that is focused at 45° in the azimuth do-
main.

[0081] According to some aspects, the present disclo-
sure employs multiple array antennas with their own am-
plifier circuits which may be of different physical sizes,
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where the different sized array antennas for example can
be built up of different numbers of radiating elements
coupled together, for the purpose of creating a defined
radiation pattern in the azimuth and elevation domain.
This can be tuned to optimize the directivity in the desired
direction or directions as well as maintaining a lower but
consistent directivity across a broad field of view with
nulls of acceptable depth.

[0082] According to some aspects, the array antennas
are of different sizes for the purposes of creating a
steered beam of the desired radiation pattern. This may
be accomplished through the additional use of software-
defined phase shifters. The antennas may also be driven
at non-equal powers. The resulting beam may be tuned,
for example, to create high directionality in one or more
direction, and also low directionality across a wide area
with nulls of acceptable depth.

[0083] Generally, the present disclosure relates to an
array antenna arrangement 20, 31, 52, 100, 200 com-
prising at least two array antennas 21, 22; 32, 33, 34, 53,
54;101,103, 105;201, 203, 205 and atleast two amplifier
arrangement 23, 24; 35, 36, 37; 107, 108, 109; 207, 208,
209. Each array antenna 21, 22; 32, 33, 34, 53, 54; 101,
103, 105; 201, 203, 205 has a corresponding antenna
aperture 25, 26; 38, 39, 40, 57, 58; 102, 104, 106; 202,
204, 206, and each amplifier arrangement 23, 24; 35, 36,
37; 107, 108, 109; 207, 208, 209 comprises a corre-
sponding power amplifier 27, 28; 41, 42, 43; 110, 111,
112; 210, 211, 212 and a corresponding phase shifter
device 29, 30; 44, 45, 46; 113, 114, 115; 213, 214, 215.
Afirst amplifier arrangement 23, 35, 107, 207 is connect-
ed to afirst array antenna 21, 32, 101, 201 having a first
antenna aperture 25, 38, 102, 202, and a second ampli-
fier arrangement 24, 36, 108, 209 is connected to a sec-
ond array antenna 22, 33, 53, 103, 205 having a second
antenna aperture 26, 39, 57, 104, 206. The first antenna
aperture 25, 38, 102, 202 has a size that differs from a
size of the second antenna aperture 26, 39, 57, 104, 206.
[0084] According to some aspects, at least one array
antenna 33, 34, 101, 201, 203 comprises at least two
linear arrays 33A, 33B; 34A, 34B; 101A, 101B, 101C,
101D; 201A, 201B, 203A, 203B.

[0085] According to some aspects, at least two linear
arrays 33A, 33B; 34A, 34B comprised in one array an-
tenna 33, 34 have different lengths.

[0086] According to some aspects, the first array an-
tenna 32 is adapted to radiate a first antenna beam pat-
tern and the second array antenna 33 is adapted to ra-
diate a second antenna beam pattern 48, where the first
antenna beam pattern 47 has a first 3dB beamwidth and
the second antenna beam pattern 48 has a second 3dB
beamwidth that falls below the first 3dB beamwidth.
[0087] According to some aspects, the at least two ar-
ray antennas 32, 33, 34 are adapted to radiate a common
antenna beam pattern 50, 51, where the amplifier ar-
rangements 35, 36, 37 either are preset for providing a
certain predefined common antenna beam pattern 50,
51, or are adjustable for providing an adjustable common
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antenna beam pattern 50, 51.

[0088] According to some aspects, the phase shifter
devices 29, 30; 44, 45, 46; 113, 114, 115; 213, 214, 215
are adapted to provide signal phases that provide a de-
sired radar illumination with null suppression and a de-
sired elevation beamwidth.

[0089] According to some aspects, the power amplifi-
ers 27, 28; 41,42, 43; 110, 111, 112; 210, 211, 212 are
adapted to provide signal amplitudes that provide a de-
sired radar illumination with null suppression and a de-
sired elevation beamwidth.

[0090] According to some aspects, the array antenna
arrangement 20, 31, 52, 100, 200 comprises a control
unit 61, 62, 162, 262, where the amplifier arrangements
23, 24; 35, 36, 37; 107, 108, 109; 207, 208, 209 are con-
nected to the control unit61, 62, 162, 262 that is adapted
to control the phase shifter devices 29, 30; 44, 45, 46;
113, 114, 115; 213, 214, 215 and/or the power amplifiers
27, 28; 41,42, 43; 110, 111, 112; 210, 211, 212.
[0091] According to some aspects, at least one array
antenna 55, 56; 255, 256 either is connected to ground
or unconnected, left open.

[0092] According to some aspects, at least two array
antennas 103, 105 are mutually vertically displaced by a
certain displacement distance dy.

Claims

1. Anarray antenna arrangement (20, 31,52, 100, 200)
comprising at least two array antennas (21, 22; 32,
33, 34, 53, 54; 101, 103, 105; 201, 203, 205) and at
least two amplifier arrangement (23, 24; 35, 36, 37;
107, 108, 109; 207, 208, 209), each array antenna
(21, 22; 32, 33, 34, 53, 54; 101, 103, 105; 201, 203,
205) having a corresponding antenna aperture (25,
26; 38, 39, 40, 57, 58; 102, 104, 106; 202, 204, 206),
and each amplifier arrangement (23, 24; 35, 36, 37;
107, 108, 109; 207, 208, 209) comprising a corre-
sponding power amplifier (27, 28; 41, 42, 43; 110,
111,112; 210,211, 212) and a corresponding phase
shifter device (29, 30; 44, 45, 46; 113, 114, 115; 213,
214, 215), where a first amplifier arrangement (23,
35, 107, 207) is connected to a first array antenna
(21, 32, 101, 201) having a first antenna aperture
(25, 38, 102, 202), and a second amplifier arrange-
ment (24, 36, 108, 209) is connected to a second
array antenna (22, 33, 53, 103, 205) having a second
antenna aperture (26, 39, 57, 104, 206), character-
ized in that the first antenna aperture (25, 38, 102,
202) has a size that differs from a size of the second
antenna aperture (26, 39, 57, 104, 206).

2. The array antenna arrangement (31, 100, 200) ac-
cordingto claim 1, wherein atleast one array antenna
(33, 34,101, 201, 203) comprises at least two linear
arrays (33A, 33B; 34A, 34B; 101A, 101B, 101C,
101D; 201A, 201B, 203A, 203B).
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3.

The array antenna arrangement (31) according to
claim 2, wherein at least two linear arrays (33A, 33B;
34A, 34B) comprised in one array antenna (33, 34)
have different lengths.

The array antenna arrangement (31) according to
any one of the previous claims, wherein the first array
antenna (32) is adapted to radiate a first antenna
beam pattern and the second array antenna (33) is
adapted to radiate a second antenna beam pattern
(48), where the first antenna beam pattern (47) has
a first 3dB beamwidth and the second antenna beam
pattern (48) has a second 3dB beamwidth that falls
below the first 3dB beamwidth.

The array antenna arrangement (31) according to
any one of the previous claims, wherein the at least
two array antennas (32, 33, 34) are adapted to radi-
ate acommon antenna beam pattern (50, 51), where
the amplifier arrangements (35, 36, 37) either are
preset for providing a certain predefined common
antenna beam pattern (50, 51), or are adjustable for
providing an adjustable common antenna beam pat-
tern (50, 51).

The array antenna arrangement (20, 31, 52, 100,
200) according to any one of the previous claims,
wherein the phase shifter devices (29, 30; 44, 45,
46; 113, 114, 115; 213, 214, 215) are adapted to
provide signal phases that provide a desired radar
illumination with null suppression and a desired el-
evation beamwidth.

The array antenna arrangement (20, 31, 52, 100,
200) according to any one of the previous claims,
wherein the power amplifiers (27, 28;41,42,43;110,
111, 112; 210, 211, 212) are adapted to provide sig-
nal amplitudes that provide a desired radar illumina-
tion with null suppression and a desired elevation
beamwidth.

The array antenna arrangement (20, 31, 52, 100,
200) according to any one of the previous claims,
wherein the array antenna arrangement (20, 31, 52,
100, 200) comprises a control unit (61, 62, 162, 262),
where the amplifier arrangements (23, 24; 35, 36,
37; 107, 108, 109; 207, 208, 209) are connected to
the control unit (61, 62, 162, 262) that is adapted to
control the phase shifter devices (29, 30; 44, 45, 46;
113, 114, 115; 213, 214, 215) and/or the power am-
plifiers (27, 28; 41, 42, 43; 110, 111, 112; 210, 211,
212).

The array antenna arrangement (52, 200) according
to any one of the previous claims, wherein at least
one array antenna (55, 56; 255, 256) either is con-
nected to ground or unconnected, left open.
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10. The array antenna arrangement (100) according to
any one of the previous claims, wherein at least two
array antennas (103, 105) are mutually vertically dis-
placed by a certain displacement distance (dy).
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