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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to a radome and
a radar device using the radome, and particularly to a
radomehavingawavy surfaceandvarying thicknessand
a radar device using the radome.

BACKGROUND OF THE INVENTION

[0002] The array antenna has advantages of compact
size, high reliability and multibeam applicability. Hence,
the array antenna is widely applied to various high-tech
products. For example, amodern satellite usually adopts
an array antenna as major antenna structure. However,
the array antenna transmits and receives wireless sig-
nals through beams with a narrow beam width. The
signals fallen outside the coverage of the narrow beam
width are probably subject to signal distortion or loss.
Therefore, when an array antenna is used to transmit
signals, it is necessary to increase the quantity of ground
stations or transmitting/receiving field of view to ensure
good satellite communication in all weathers. Neverthe-
less, the technology of increasing either of the quantity
and the transmitting/receiving field of view of the ground
stations requires much money or manpower. Therefore,
theproblem indeedobstructs thedevelopmentof satellite
communication.
[0003] A lens with specific shape for an antenna has
been proposed in several references. For example, US
2019/326676 A1 describes a frustum-shaped lens; US
2009/047023 A1 andCN 113285235 A describe a plano-
convex lens having a depression on the top center; GB
2510885 A describes a lens with a gull-wing shape; and
US 5121129 A describes a disk-shaped lens having an
inner cavity. In addition, JPH09‑191212 describes a lens
formed by stacking concentric discs.

SUMMARY OF THE INVENTION

[0004] The disclosure provides a radome which can
widen the beam width of the beams for wireless signals
and a radar device using the radome. The beam width
widenedby the radomecanenlarge thefieldof viewof the
radar device.
[0005] An aspect of the present disclosure provides a
radome. The radome is made of a dielectric material. A
thickness of the dielectric material is first increased and
then decreased along a radial direction extending from a
center to an outer edge of the radome. The radome
comprises a plurality of annular blocks concentric with
the radome, wherein any two adjacent annular blocks
have different thicknesses. The arrangement of the an-
nular blocks is configured to widen a beam width of
electromagnetic waves passing through the radome.
[0006] In an embodiment, the radome has a first outer
surface and a second outer surface opposite to each

other. The first outer surface is a flat surface and the
second outer surface first gets farther from the first outer
surface and then gets closer to the first outer surface
along the radial direction extending from the center to the
outer edge of the radome. Further, the second outer
surface could show stepwise changes.
[0007] Another aspect of the present disclosure pro-
vides a radar device including an antenna and a radome.
There is a predetermined distance between the antenna
and a center of the radome. The antenna transmits or
receives electromagnetic waves passing through the
radome. The radome is made of a dielectric material. A
thickness of the dielectric material is first increased and
then decreased along a radial direction extending from
the center to an outer edge of the radome.
[0008] In an embodiment, the radome has a first outer
surface and a second outer surface opposite to each
other. The first outer surface is a flat surface and the
second outer surface first gets farther from the first outer
surface and then gets closer to the first outer surface
along the radial direction extending from the center to the
outer edge of the radome. Further, the second outer
surface could show stepwise changes. The first outer
surface faces towards the antenna.
[0009] According to thepresentdisclosure, the radome
has a wavy surface and varying thickness to adjust the
phase retardation of electromagnetic waves emitted to
the radome. The electromagnetic waves emitted to dif-
ferent portions of the radome are refracted with different
refraction angles to achieve divergence effect. There-
fore, if a radar device adopts the radome of the present
disclosure, the electromagnetic waves passing through
the random diverge due to the widened beam width.
Hence, the radar device has larger transmission cover-
age during transmission of the electromagnetic waves,
and has a larger receiving angle during reception of the
electromagnetic waves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The advantages of the present disclosure will
become more readily apparent to those ordinarily skilled
in theart after reviewing the followingdetaileddescription
and accompanying drawings, in which:

FIG. 1 is a top view of a radome according to an
embodiment of the present disclosure.
FIG. 2 is cross-sectional view of the radome along
the line AA’ of FIG. 1.
FIG. 3 is a schematic diagram illustrating a radar
device according to an embodiment of the present
disclosure.
FIG. 4 shows design parameters of a radome ac-
cording to an embodiment of the present disclosure.
FIG. 5 shows peak gain and half-power beam width
of an antenna without using the radome of the pre-
sent disclosurewherein thedataaremeasured in the
TE mode.
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FIG. 6 shows peak gain and half-power beam width
of a radar device including the radome in FIG. 4 and
the antenna in FIG. 5wherein the data aremeasured
in the TE mode.
FIG. 7 shows peak gain and half-power beam width
of the antenna without using the radome of the pre-
sent disclosurewherein thedataaremeasured in the
TM mode.
FIG. 8 shows peak gain and half-power beam width
of the radar device including the radome in FIG. 4
and the antenna in FIG. 5 wherein the data are
measured in the TM mode.
FIG. 9 shows design parameters of a radome ac-
cording to another embodiment of the present dis-
closure.
FIG. 10 shows peak gain and half-power beamwidth
of an antenna without using the radome of the pre-
sent disclosurewherein thedataaremeasured in the
TE mode.
FIG. 11 shows peak gain and half-power beamwidth
of a radar device including the radome in FIG. 9 and
the antenna in FIG. 10 wherein the data are mea-
sured in the TE mode.
FIG. 12 shows peak gain and half-power beamwidth
of the antenna without using the radome of the pre-
sent disclosurewherein thedataaremeasured in the
TM mode.
FIG. 13 shows peak gain and half-power beamwidth
of the radar device including the radome in FIG. 9
and the antenna in FIG. 10 wherein the data are
measured in the TM mode.

DETAILED DESCRIPTION OF PREFERRED EMBO-
DIMENTS

[0011] The present disclosure will now be described
more specifically with reference to the following embodi-
ments. It is to be noted that the following descriptions of
preferred embodiments of this invention are presented
herein for purpose of illustration and description only. It is
not intended to be exhaustive or to be limited to the
precise form disclosed.
[0012] Please refer toFIG. 1andFIG.2,whereinFIG. 1
is a top view of a radome according to an embodiment of
the present disclosure, andFIG. 2 is cross-sectional view
of the radome along the line AA’ of FIG. 1. In the embodi-
ment, the radome 10 is integrally formed of a single
dielectric material, and includes a central region 100
and several annular regions 102~118. For illustration
purposes, imagined boundaries are shown between
any two adjacent regions, but the regions are not actually
separate from each other. As shown in the diagram, the
central region 100 is located at the center of the radome
10, the annular region 102 is immediately adjacent to and
surrounds the central region 100, the annular region 104
is immediately adjacent to and surrounds the annular
region 102, the annular region 106 is immediately adja-
cent to andsurrounds theannular region104, theannular

region 108 is immediately adjacent to and surrounds the
annular region106, theannular region110 is immediately
adjacent to and surrounds the annular region 108, the
annular region 112 is immediately adjacent to and sur-
rounds the annular region 110, the annular region 114 is
immediately adjacent to and surrounds the annular re-
gion 112, the annular region 116 is immediately adjacent
to and surrounds the annular region 114, and the annular
region 118 is immediately adjacent to and surrounds the
annular region 116.
[0013] Forwidening the beamwidth of the electromag-
netic waves passing through the radome to increase
divergence, the present disclosure adjusts the thickness
of the radomewhich is first increasedand thendecreased
along the radially outward direction D (i.e. along a radial
direction extending from a center C to the circumferen-
ce/outer edge 10Aof the radome10). As shown in FIG. 2,
in the section between the central region 100 and the
annular region 110, the radome 10 becomes thicker and
thicker along the radially outward directionD.Concretely,
the annular region 102 is thicker than the central region
100, the annular region 104 is thicker than the annular
region 102, the annular region 106 is thicker than the
annular region 104, the annular region 108 is thicker than
the annular region 106, and the annular region 110 is
thicker than the annular region 108.On the other hand, in
the section between the annular region 110 and the
annular region 118, the radome 10 becomes thinner
and thinner along the radially outward direction D. Con-
cretely, the annular region 112 is thinner than the annular
region 110, the annular region 114 is thinner than the
annular region 112, the annular region 116 is thinner than
the annular region 114, and the annular region 118 is
thinner than the annular region 116. In other words, the
thickest portion is an annular block located between the
center C and the circumference/outer edge 10A of the
radome 10, and the radome 10 gets thinner and thinner
from the thickest portion towards the center C and the
circumference/outer edge 10Aof the radome10, respec-
tively.
[0014] In an embodiment, to form the radome 10 hav-
ing the varying thickness as described above, the thick-
ness of the radome 10 is adjusted by forming the radome
10 having an outer surface 150A (called the first outer
surface hereinafter) and another outer surface 150B
(called the second outer surface hereinafter) opposite
to the first outer surface 150A with special design. Con-
cretely, the first outer surface 150A is a flat surface and
the second outer surface 150B is an undulant surface
corresponding to the thickness distribution as described
above.Hence, it could beobserved fromFIG. 2 that in the
section between the central region 100 and the thickest
annular region 110, the second outer surface 150B gets
farther from the first outer surface 150A when the corre-
sponding distance between the center and the annular
region of the radome 10 is longer. By contrast, in the
section between the thickest annular region 110 and the
annular region 118, the second outer surface 150B gets
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closer to the first outer surface 150A when the corre-
sponding distance between the center and the annular
region of the radome 10 is longer. The second outer
surface 150B may show stepwise changes or gradual
changes.
[0015] It is to be noted that although the above embo-
diment adopts the flat surface 150A and the stepwise
surface 150B to adjust the thicknesses of the annular
regions of the radome10,modifications could bemade to
theembodiment to provide the radome10havingdesired
varying thickness. For example, both outer surfaces of
the radome 10 are stepwise surfaces in appearance.
Suchdesign is applicablewithout adverseeffect. Further,
the size and quantity of the regions (e.g. regions
100~118) of the radome 10 are not limited to the embodi-
ment and are adjustable to meet different requirements.
Such adjustment involved in the design requires calcula-
tion of the parameters of respective regions, but makes
the applications feasible. Furthermore, the circular ra-
dome described in the embodiment is just for illustration,
but does not limit the shape of the radome. In principle,
the thickness of the radome is first increased and then
decreased along a radial direction extending from the
center to the outer edge of the radome. The regions may
be annular regions or not. In other words, the imagined
boundaries shownbetweenany twoadjacent regions are
in a shape of circle or not according to the shape of the
radome.
[0016] To provide specific beam width to achieve de-
sired divergence effect, the thickness of each region
should be properly designed. The calculation is based
on the generalized laws of refraction. At first, the angle of
refraction of each region should be calculated to fit the
desireddivergenceeffect of the radome.Then, thephase
retardation corresponding to the angle of refraction of
each region is calculated. By substituting the phase
retardation in the equations for the transverse electric
(TE) mode and the transverse magnetic (TM) mode, the
thickness of each region corresponding to the phase
retardation is obtained. The related theoretical basis
could refer to, for example, Pengfei Zhang, Shuxi Gong,
and Raj Mittra, "Beam-Shaping Technique Based on
Generalized Laws of Refraction and Reflection", IEEE
Transactions on Antennas and Propagation, vol. 66,
771‑779 (2018), and Zhengbin Wang, J. Shi, and Jin-
chang Chen, "High-Efficiency Electromagnetic Wave
Controlling with All-Dielectric Huygens’ Metasurfaces",
International Journal of Antennas and Propagation,
2015, 1‑7.
[0017] Please refer to FIG. 3, which is a schematic
diagram illustrating a radar device according to an em-
bodiment of the present disclosure. In the embodiment,
the radar device 20 includes an antenna 22 and the
above described radome 10. The radome 10 is disposed
above the antenna 22 with a distance d, and the antenna
22 transmits or receives the electromagnetic waves pas-
sing through the radome10. It is known that the thickness
of each region of the radome 10 further depends on the

dielectric material of the radome 10 and the frequency of
the electromagnetic waves received or transmitted
through the radome 10. The obtained parameters are
given below for reference.
[0018] In anembodiment, the radome10 isdesigned to
cooperatewith the antenna 22 for KU band receiver at the
frequency range of 10.7 GHz~12.7 GHz. In this embodi-
ment, the radome 10 is made of a dielectric material
having a dielectric constant about 2.72. The first outer
surface 150A of the radome 10 faces towards the anten-
na 22 and the radome 10 is disposed at 20 cm above the
antenna 22.
[0019] An example of the design parameters of the
radome 10 obtained from the above concepts is shown
in FIG. 4. The radius indicates that the longest distance
between the region and the center of the radome 10. For
example, the central region 100 is a circular block being
concentric with the radome 10 and having a radius of
17.498 mm and a thickness of 2.73 mm; and the annular
region 102 is an annular block being concentric with the
radome 10 and having an outer radius of 35.265 mm, an
inner radius of 17.498 mm and a thickness of 3.41 mm;
the annular region 104 is an annular block being con-
centric with the radome 10 and having an outer radius of
53.69mm, an inner radius of 35.265mmand a thickness
of 5.07 mm, and so forth. The configurations of other
similar regions can be derived from FIG. 4, and need not
be further described herein.
[0020] Please refer to FIGS. 5~8, wherein FIG. 5
shows peak gain and half-power beam width (HPBW)
of an uncovered antennameasured in the TEmode; FIG.
6 shows peak gain and half-power beamwidth of a radar
device, including the radome in FIG. 4 and the antenna in
FIG.5,measured in theTEmode;FIG.7showspeakgain
and half-power beam width of the uncovered antenna
measured in the TM mode; and FIG. 8 shows peak gain
and half-power beamwidth of the radar device, including
the radome inFIG. 4and theantenna inFIG. 5,measured
in the TMmode. It is observed from the data in FIGS. 5~8
that compared to the uncovered antenna 22, the half-
power beam width of the radar device 20 in this embodi-
ment is increased significantly. Hence, the radome of the
present disclosure indeed increases the beam width of
the electromagnetic waves to achieve divergence effect.
[0021] In another embodiment, the radome 10 is de-
signed to cooperate with the antenna 22 for KU band
transmitter at the frequency range of 14 GHz~14.5 GHz.
In this embodiment, the radome 10 is also made of a
dielectric material having a dielectric constant about
2.72. Similarly, the first outer surface 150A of the radome
10 faces towards the antenna 22 and the radome 10 is
disposed at 20 cm above the antenna 22.
[0022] An example of the design parameters of the
radome 10 obtained from the above concepts is shown
in FIG. 9. The meaning of the parameters is similar to
thosedescribed in theembodimentwith reference toFIG.
4, and needs not be further explained. FIGS. 10 and 12
show peak gain and half-power beam width of the elec-
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tromagnetic waves emitted by the uncovered antenna;
and FIGS. 11 and 13 show peak gain and half-power
beam width of the electromagnetic waves emitted by the
radar device including the radome in FIG. 9 cooperating
with thesameantennaused inFIGS.10and12.Similarly,
it is observed from thedata inFIGS.10~13 that compared
to the uncovered antenna 22, the half-power beamwidth
of the radar device 20 in this embodiment is increased
significantly.Hence, the radomeof thepresentdisclosure
indeed increases the beam width of the electromagnetic
waves to achieve divergence effect.
[0023] In conclusion, the radome of the present dis-
closure has a wavy surface and varying thickness to
adjust the phase retardation of electromagnetic waves
emitted to the radome. The electromagnetic waves
emitted to different portions of the radome are refracted
with different refraction angles to achieve divergence
effect. Therefore, if a radar device adopts the radome
of the present disclosure, the electromagnetic waves
passing through the random diverge due to the widened
beam width. Hence, the radar device has larger trans-
mission coverage during transmission of the electromag-
netic waves, and has a larger receiving angle during
reception of the electromagnetic waves.
[0024] While the disclosure has been described in
terms of what is presently considered to be the most
practical and preferred embodiments, it is to be under-
stood that the invention needs not be limited to the
disclosed embodiment. On the contrary, it is intended
to cover various modifications and similar arrangements
included within the scope of the appended claims which
are to be accorded with the broadest interpretation so as
to encompass all such modifications and similar struc-
tures.

Claims

1. A radome (10)made of a dielectric material, wherein
a thickness of the dielectricmaterial is first increased
and then decreased along a radial direction (D) ex-
tending from a center (C) to an outer edge (10A) of
the radome (10),
characterised in that the radome (10) comprises a
plurality of annular blocks (102, 104, 106, 108, 110,
112, 114, 116, 118) concentric with the radome (10)
wherein any two adjacent annular blocks (102, 104,
106, 108, 110, 112, 114, 116, 118) have different
thicknesses and the arrangement of the annular
blocks (102, 104, 106, 108, 110, 112, 114, 116,
118) is configured to widen a beam width of electro-
magnetic waves passing through the radome (10).

2. The radome (10) according to claim 1, wherein the
radome (10) has a first outer surface (150A) and a
second outer surface (150B) opposite to each other,
wherein the first outer surface (150A) is a flat surface
and the secondouter surface (150B) first gets farther

from the first outer surface (150A) and then gets
closer to the first outer surface (150A) along the
radial direction (D) extending from the center (C)
to the outer edge (10A) of the radome (10).

3. The radome (10) according to claim 2, wherein the
second outer surface (150B) shows stepwise
changes.

4. A radar device (20) comprising:

an antenna (22); and
a radome (10) according to claim 1,
wherein there is a predetermined distance (d)
between the antenna (22) and the center (C) of
the radome (10), and the antenna (22) is con-
figured to transmit or receive electromagnetic
waves passing through the radome (10).

5. The radar device (20) according to claim 4, wherein
the radome (10) has a first outer surface (150A) and
a second outer surface (150B) opposite to each
other, wherein the first outer surface (150A) is a flat
surface and the second outer surface (150B) first
gets farther from the first outer surface (150A) and
then gets closer to the first outer surface (150A)
along the radial direction (D) extending from the
center (C) to theouter edge (10A)of the radome (10).

6. The radar device (20) according to claim 5, wherein
the second outer surface (150B) shows stepwise
changes.

7. The radar device (20) according to claim 5, wherein
the first outer surface (150A) faces towards the
antenna (22).

Patentansprüche

1. Ein Radom (10) aus einem dielektrischen Material,
wobei eine Dicke des dielektrischen Materials ent-
lang einer Radialrichtung (D), die sich von einem
Zentrum (C) zu einem Außenrand (10A) des Ra-
doms (10) erstreckt, zunächst zunimmt und dann
abnimmt,
dadurch gekennzeichnet, dass das Radom (10)
eine Vielzahl von ringförmigen Blöcken (102, 104,
106, 108, 110, 112, 114, 116, 118) umfasst, die
konzentrisch zumRadom (10) angeordnet sind, wo-
bei jeweils zwei benachbarte ringförmige Blöcke
(102, 104, 106, 108, 110, 112, 114, 116, 118) unter-
schiedliche Dicken aufweisen und die Anordnung
der ringförmigen Blöcke (102, 104, 106, 108, 110,
112, 114, 116, 118) so konfiguriert ist, dass sie eine
Strahlbreite der durch das Radom (10) hindurch-
tretenden elektromagnetischen Wellen vergrößert.
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2. Das Radom (10) nach Anspruch 1, wobei das Ra-
dom (10) eine erste Außenfläche (150A) und eine
zweite Außenfläche (150B) aufweist, die einander
gegenüberliegen, wobei die erste Außenfläche
(150A) eine ebene Fläche ist und die zweite Außen-
fläche (150B) sich zunächst von der ersten Außen-
fläche (150A) entfernt und sich dann entlang der
Radialrichtung (D), die sich vom Zentrum (C) zum
Außenrand (10A) des Radoms (10) erstreckt, der
ersten Außenfläche (150A) annähert.

3. Das Radom (10) nach Anspruch 2, wobei die zweite
Außenfläche (150B) stufenweise Veränderungen
aufweist.

4. Eine Radarvorrichtung (20), umfassend:

eine Antenne (22); und
ein Radom (10) gemäß Anspruch 1,
wobei zwischenderAntenne (22)unddemZent-
rum (C) des Radoms (10) ein vorbestimmter
Abstand (d) besteht und die Antenne (22) so
ausgebildet ist, dass sie elektromagnetische
Wellen sendet oder empfängt, die das Radom
(10) durchlaufen.

5. Die Radarvorrichtung (20) nach Anspruch 4, wobei
das Radom (10) eine erste Außenfläche (150A) und
eine zweite Außenfläche (150B) aufweist, die einan-
der gegenüberliegen, wobei die erste Außenfläche
(150A) eine ebene Fläche ist und die zweite Außen-
fläche (150B) sich zunächst von der ersten Außen-
fläche (150A) entfernt und sich dann entlang der
Radialrichtung (D), die sich vom Zentrum (C) zum
Außenrand (10A) des Radoms (10) erstreckt, der
ersten Außenfläche (150A) annähert.

6. Die Radareinrichtung (20) nach Anspruch 5, wobei
die zweite Außenfläche (150B) stufenweise Ände-
rungen aufweist.

7. Die Radarvorrichtung (20) nach Anspruch 5, wobei
die erste Außenfläche (150A) der Antenne (22) zu-
gewandt ist.

Revendications

1. Un radôme (10) constituéd’unmatériaudiélectrique,
dans lequel l’épaisseur du matériau diélectrique est
d’abord augmentée puis diminuée le long d’une
direction radiale (D) s’étendant d’un centre (C) vers
un bord extérieur (10A) du radôme (10),
caractérisé en ce que le radôme (10) comprend
unepluralitédeblocsannulaires (102, 104, 106, 108,
110, 112, 114, 116, 118) concentriques au radôme
(10), dans lequel deux blocs annulaires adjacents
quelconques (102, 104, 106, 108, 110, 112, 114, 116,

118) ont des épaisseurs différentes et la disposition
des blocs annulaires (102, 104, 106, 108, 110, 112,
114, 116, 118) est configurée pour élargir la largeur
du faisceau des ondes électromagnétiques traver-
sant le radôme (10).

2. Le radôme (10) selon la revendication 1, dans lequel
le radôme (10) comporte une première surface ex-
térieure (150A) et une deuxième surface extérieure
(150B) opposées l’une à l’autre, la première surface
extérieure (150A) étant une surface plane et la deu-
xième surface extérieure (150B) s’éloigne d’abord
de la première surface extérieure (150A), puis se
rapproche de la première surface extérieure (150A)
le longde ladirection radiale (D) s’étendant ducentre
(C) vers le bord extérieur (10A) du radôme (10).

3. Le radôme (10) selon la revendication 2, dans lequel
la deuxième surface extérieure (150B) présente des
variations par paliers.

4. Un dispositif radar (20) comprenant :

une antenne (22) ; et
un radôme (10) selon la revendication 1,
dans lequel il existe unedistanceprédéterminée
(d) entre l’antenne (22) et le centre (C) du ra-
dôme (10), et l’antenne (22) est configurée pour
émettre ou recevoir des ondes électromagnéti-
ques traversant le radôme (10).

5. Ledispositif radar (20) selon la revendication 4, dans
lequel le radôme (10) comporte une première sur-
face extérieure (150A) et une deuxième surface
extérieure (150B) opposées l’une à l’autre, la pre-
mière surface extérieure (150A) étant une surface
plane et la deuxième surface extérieure (150B) s’é-
loigne d’abord de la première surface extérieure
(150A), puis se rapproche de la première surface
extérieure (150A) le long de la direction radiale (D)
s’étendant du centre (C) vers le bord extérieur (10A)
du radôme (10).

6. Ledispositif radar (20) selon la revendication 5, dans
lequel la deuxième surface extérieure (150B) pré-
sente des variations par paliers.

7. Ledispositif radar (20) selon la revendication 5, dans
lequel la première surface extérieure (150A) est
tournée vers l’antenne (22).
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