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(54) ANTENNA SYSTEM AND COMPACT ANTENNA TEST RANGE

(57)  Anantenna system (14) comprises a wide-band
antenna (16) and a lens body (18). At least a portion of
the antenna (16) is placed inside the lens body (18). The
antenna (16) has at least two antenna portions (20, 22)
with ends (24, 26). The antenna portions (20, 22) define
a distance (d) between them, which gradually increases
towards the ends (24, 26) defining the aperture (A) of the
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antenna (16). The lens body (18) has at least two curved
sections (28, 30) that merge into a common material sec-
tion (36) of the lens body (18). The common material
section (36) is located below the aperture (A) of the an-
tenna (16). Further, a compact antenna test range (10)
is described.
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Description

[0001] The invention relates to an antenna system.
Further, the invention relates to a compact antenna test
range (CATR).

[0002] Compact antenna test ranges (CATRs) are
known in the state of the art. They typically comprise a
feed antenna and a reflector assigned to the feed anten-
na. Ideally, the feed antenna used should have a large
half power beam width (HPBW) to properly illuminate the
reflector when transmitting electromagnetic signals.
[0003] Traditionally,the feed antennas are established
by axial choke horn antennas with a waveguide feed
wherein the waveguide feed is band-limited due to
waveguide physics. In fact, there is a cut-off frequency
at the low frequency and higher-order modes at the high
frequency. Thus, existing feed antennas as well as com-
pact antenna testranges having these feed antennas are
limited to signals with frequencies in the range of 23 to
43 GHz.

[0004] However, for modern communication stand-
ards such as new radio (NR) or rather 5G, it is necessary
to process signals that have frequencies up to 87 GHz.
[0005] In the state of the art, antennas are known that
can be used as feed antennas for the compact antenna
test range, which can process, particularly transmit, sig-
nals with higher frequencies than 43GHz. However, the
antennas known so far have a relative low half power
beam width, which results in a quiet zone being 50%
smaller compared to the one of an axial choke horn an-
tenna.

[0006] Thus,compactantennatestrangeshavetodeal
with a tradeoff between the frequency to be processed
and the respective half power beam width that affects
the size of the usable quiet zone.

[0007] Accordingly, there is a need for an antenna sys-
tem as well as a compact antenna test range that ensure
to use signals with high frequency and large half power
beam width.

[0008] The invention provides an antenna system
comprising a wide-band antenna and a lens body, where-
in at least a portion of the antenna is placed inside the
lens body, wherein the antenna has at least two antenna
portions with ends, wherein the antenna portions define
adistance between them, wherein the distance gradually
increases towards the ends defining the aperture of the
antenna, wherein the lens body has at least two curved
sections that merge into a common material section of
the lens body, and wherein the common material section
is located below the aperture of the antenna.

[0009] The invention is based on the finding that a de-
focusing lens can be used for the wide-band antenna in
order to ensure that signals with frequencies up to 87
GHz can be transmitted while simultaneously providing
a large half power beam width (HPBW).

[0010] The de-focusing effect of the lens is provided
by the shape of the lens body thathas two curved sections
merging into the common material section of the lens
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body while the aperture of the antenna is located above
the common material section. Put another way, the an-
tenna portions extend through the common material sec-
tion, as their respective ends defining the aperture of the
antenna are located above the common material section.
[0011] The distance between the antenna portions is
provided between surfaces of the antenna portions facing
each other. Hence, the antenna portions are located op-
posite to each other while defining a slot or rather a
room/space between the at least two antenna portions.
[0012] The antenna portions relate to the portions of
the antenna that are used for guiding the electromagnetic
wave(s), namely the signal. Particularly, a signal to be
emitted is guided by the antenna portions towards their
respective ends. Hence, the ends of the antenna portions
are orientated towards the radiation direction of the an-
tenna, namely the direction the electromagnetic waves
are emitted. A signal to be received is received via the
ends, namely the aperture.

[0013] In fact, the ends relate to free ends of the an-
tenna.
[0014] The antenna portions may be formed (substan-

tially) symmetrical. Particularly, the surfaces of the an-
tenna portions facing each other have the same shape.
However, the antenna portions are mirrored with respect
to each along an axis extending between both antenna
portions, particularly in the middle and in the same plane.
[0015] The curved sections are located on opposite
sides with respect to the common material section.
Hence, the curved sections merge into the common ma-
terial section from opposite sides.

[0016] The common material section provides a con-
tinuous material portion of the lens body in a cross-sec-
tion perpendicular to the axial direction of the lens body.
The axial direction (substantially) coincides with the prop-
agation direction of the electromagnetic waves emitted.
[0017] The continuous material portion has, in axial di-
rection of the lens body, an upper limit and a lower limit,
wherein the plane defined by the aperture is located be-
tween these limits.

[0018] The wide-band antenna is configured to proc-
ess signals with frequency up to 87 GHz.

[0019] According to an aspect, the common material
section corresponds to a lens center. The lens center
may be different to the geometrical center of the lens
body. Hence, the lens center simply relates to the com-
mon material section with which all sections of the lens
body are connected or rather into which all section of the
lens body merge. In other words, the lens center may
relate to the main portion of the lens body. However, in
case of arotationally symmetriclens body, the lens center
may be equal to the geometrical center of the lens body.
[0020] According to another aspect, the common ma-
terial section is located in the area of the phase center
of the antenna. The phase center, in antenna design the-
ory, is the point from which the electromagnetic waves
transmitted spread spherically outward, with a phase of
the respective signal being equal at any point on the
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sphere. This respective point, namely the phase center
of the antenna, is typically located between the antenna
portions. In the specific design provided, the phase cent-
er of the antenna is located below the aperture of the
antenna, as the phase center of the antenna is provided
in the common material section located below the aper-
ture.

[0021] As mentioned above, the continuous material
portion has, in axial direction of the lens body, an upper
limit and a lower limit, wherein the phase centeris located
between these limits.

[0022] Anotheraspectprovidesthatatleastone of both
curved sections, particularly each of both curved sec-
tions, is funnel-shaped. Thus, the lens body has an upper
side and a lower side which both comprise the funnel-
shaped curved sections that are orientated towards a
center of the lens body, particularly the common material
section. The funnel-shaped curved sections do not
merge with each other. Thus, a, particularly continuous,
opening is not provided, as both funnel-shaped sections
end at the common material section of the lens body. In
other words, the lens body closes or rather seals the fun-
nel(s) provided by the funnel-shaped curved section(s).
[0023] In general, the funnel relates to a space that
has the shape of a truncated cone or rather a frustum of
a cone.

[0024] Furthermore, the aperture of the antenna may
define aplane thatintersects one of both curved sections,
in particular wherein the plane intersects the funnel pro-
vided by the funnel-shaped curved section. The plane
provided by the aperture of the antenna is (substantially)
perpendicular to the orientation of the antenna portions.
Since the aperture is defined by the ends of the antenna
portions, the respective plane is also defined by the ends.
[0025] The aperture provided between the ends may
be located partly in the funnel, namely the recess orrather
opening provided by the shape of the lens body, as the
respective antenna portions, particularly their ends, are
located inside the lens body.

[0026] The curved sections may generally correspond
to curved depressions in sides of the lens body. Partic-
ularly, the curved sections are located at opposite sides
of the lens body, namely the upper side and the lower
side of the lens body.

[0027] Asbothcurved sections merge intothe common
material section located between them, the lens body
may have at least a lens center/main portion of full ma-
terial.

[0028] Thelensbody mayresemble a flattened dough-
nut, a horn torus, a torus without opening, a torus without
continuous opening, a spindle torus and/or non-symmet-
rical hemispheres. These respective bodies all ensure
that a common material section is provided into which
both curved sections merge.

[0029] Generally, atorus canbe defined parametrically
by
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x(0,¢) = (R +rcos8)cos ¢,

y(0,¢) = (R +rcosf)sing,

z(0,¢p) = rsind,
where

8, p are angles which make a full circle, so that their
values start and end at the same point,

R is the distance from the center of the tube to the
center of the torus,

ris the radius of the tube.

R is also known the major radius and r is known as
the minor radius of the torus.

[0030] A horntorusis defined by R = r. Thus, both radii
are similar. The torus has no hole or rather (continuous)
opening.

[0031] A spindle torus is defined by R < r. The torus
also does not have a hole or rather (continuous) opening.
[0032] According to another aspect, the antenna por-
tions are spaced from each other over the entire axial
length of the common material section. The axial direc-
tion corresponds to the propagation direction of the elec-
tromagnetic waves or rather the orientation of the anten-
na portion(s). Hence, the axial direction is (substantially)
perpendicular to the aperture or rather the plane defined
by the aperture. As the antenna portions are spaced from
each other are distanced from each other over the entire
axial length, a certain distance between them is provided
at the axial beginning of the common material section
and at the axial end of the common material section.
[0033] Put another way, the funnels provided by both
curved sections, particularly the lower one and the upper
one, extend into the slot/space provided between the an-
tenna portions.

[0034] According to an aspect, the antenna s a Vivaldi
antenna. The Vivaldi antenna is also called tapered slot
antenna or rather aperture antenna. Hence, the antenna
is atleast partly provided by a printed circuit board (PCB).
The respective antenna portions are provided in a plane
defined by the PCB. In fact, conductive material strips
may be provided that establish the antenna portions.
Therefore, the distance between the antenna portions is
also called slot. In fact, the Vivaldi antenna is a simple
planar antenna that is broadband (wide-band). Typically,
the polarization may be linear.

[0035] According to another aspect, the antenna is a
Horn antenna. The Horn antenna relates to a waveguide
feed. Typically, the Horn antenna may have four antenna
portions that define a space between them, which grad-
ually increases towards the ends of the respective an-
tenna portions. Thus, the distance gradually increases
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towards the ends of two opposite antenna portions.
[0036] Furthermore, the lens body may be rotationally
non-symmetric. Hence, the first curved section and the
second curved section may be different with respect to
each other. Then, the lens center, namely the common
material section of the lens body, may be different to the
geometrical center of the lens body.

[0037] Another aspect provides that the lens body, in
top view on the lens body, has an elliptical or circular
shape. In other words, the outer edge of the lens body
may be elliptical or rather circular.

[0038] According to another aspect, the lens body is
made of a foam material. The foam material ensures that
the lens body is light and merely indestructible, as the
lens body can be compressed if necessary. Simultane-
ously, the lens body made of foam ensures that the an-
tenna partly integrated is protected by the lens body.
[0039] Another aspect provides that the antenna por-
tions comprise metal. Particularly, the antenna portions
are made of metal. For instance, the antenna portions of
a Horn antenna relate to metal sheets. In contrast, the
antenna portions of a Vivaldi antenna or rather a tapered
slot (line) antenna correspond to lines made of metal that
are provided on the printed circuit board (PCB). In any
case, the metal ensures high conductivity.

[0040] Moreover, the antenna system may have a half
power beam width of more than 35 degrees, particularly
more than 50 degrees. The antenna is a wide-band an-
tenna that is configured to process signals with frequen-
cies up to 87 GHz. Simultaneously, the half power beam
width (HPBW) is higher than 35 degrees, particularly
higher than 50 degrees, such that modern communica-
tion standards, for instance 5G or NR, can be measured
with a compact antenna test range (CATR) comprising
the respective antenna system.

[0041] Furthermore, the invention provides a compact
antenna test range that comprises an antenna system
as described above. The advantages mentioned above
apply to the compact antenna testrange in a similar man-
ner.

[0042] The foregoing aspects and many of the attend-
antadvantages of the claimed subject matter willbecome
more readily appreciated as the same become better un-
derstood by reference to the following detailed descrip-
tion, when taken in conjunction with the accompanying
drawings, wherein:

- Figure 1 schematically shows a compact antenna
testrange according to the invention, which compris-

es an antenna system according to the invention,

- Figure 2 radiation patterns of an antenna system ac-
cording to the invention and a conventional one,

- Figure 3 schematically shows a cross-sectional view
of a lens body used in Figure 1, and

- Figure 4 schematically shows a cross-sectional view
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of an antenna of an antenna system according to
another example of the invention.

[0043] The detailed description set forth below in con-
nection with the appended drawings, where like numerals
reference like elements, is intended as a description of
various embodiments of the disclosed subject matter and
is not intended to represent the only embodiments. Each
embodiment described in this disclosure is provided
merely as an example or illustration and should not be
construed as preferred or advantageous over other em-
bodiments. The illustrative examples provided herein are
not intended to be exhaustive or to limit the claimed sub-
ject matter to the precise forms disclosed.

[0044] In Figure 1, a compact antenna test range 10
is shown that comprises a signal source 12 that is con-
nected to an antenna system 14.

[0045] Further, the compact antenna test range 10
comprises a reflector 15 that is assigned to the antenna
system 14, as electromagnetic waves emitted by the an-
tenna system 14 impinge on the reflector 15.

[0046] The antenna system 14 comprises a wide-band
antenna 16 and a lens body 18 wherein the antenna 16
is partly located inside the lens body 18.

[0047] In the shown embodiment, the wide-band an-
tenna 16 relates to a Vivaldi antenna that is also called
tapered slot (line) antenna.

[0048] The antenna 16 has a first antenna portion 20
as well as a second antenna portion 22 that are (sub-
stantially) symmetrical, but mirrored with respect to an
axial center line of the antenna 16.

[0049] The antenna portions 20, 22 each have an end
24, 26 that is assigned to the radiation direction of the
antenna 16. The ends 24, 26 of the antenna portions 20,
22 together define the aperture A of the antenna 16.
[0050] In fact, the aperture A relates to the opening
area of the antenna 16, which is defined by the area lim-
ited by the ends 24, 26.

[0051] Generally, the ends 24, 26 are assigned to or
orientated towards the radiation direction of the antenna
16.

[0052] Furthermore, the antenna portions 20, 22 are
distanced from each other by a distance d that differs
along the axial length of the antenna 16.

[0053] As shown in Figure 1, the antenna portions 20,
22 are shaped such that the distance d between the an-
tenna portions 24 and 22 gradually increases towards
the ends 24, 26.

[0054] In fact, the distance d is provided between two
surfaces of the antenna portions 20, 22 that face each
other.

[0055] The antenna portions 20, 22 of the antenna 16,
namely the Vivaldi antenna, may comprise metal. In fact,
the antenna portions 20, 22 may be made of metal, as
they are established by conductors that are provided on
the printed circuit board (PCB). In fact, the antenna por-
tions 20, 22 are located in a common plane that is defined
by the PCB.
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[0056] Asalready mentioned, theantenna 16 is atleast
partly located inside the lens body 18. In fact, a portion
ofthe antenna 16 is placed inside the lens body 18, which
comprise the antenna portions 20, 22 at least partly, par-
ticularly completely.

[0057] In general, the lens body 18 has at least two
curved sections 28, 30 that are assigned to an upper side
32 and a lower side 34 of the lens body 18, wherein the
upper side 32 and the lower side 34 define opposite sides
of the lens body 18.

[0058] As shown in Figure 1 as well as the cross sec-
tional view of the lens body 18 shown in Figure 3, the
curved sections 28, 30 are funnel-shaped which means
that the curved sections 28, 30 limit a funnel, namely a
space formed as a truncated cone or rather a frustum of
a cone.

[0059] The narrower parts of the funnels, namely the
truncated cones or rather frustums of a cone, are orien-
tated towards each other.

[0060] In fact, the curved sections 28, 30 merge into a
common material section 36 of the lens body 18 such
that the respective funnels, namely the spaces formed
as truncated cones or rather frustums of a cone, are
sealed or rather closed by the common material section
36. This is clearly shown in Figure 3.

[0061] AsshowninFigure 1,the common material sec-
tion 36 is located below the aperture A of the antenna 16
that is defined by the ends 24, 26 of the antenna portions
20, 22.

[0062] The common material section 36 may be re-
garded as a lens center of the lens body 18 that do not
have to be equal to the geometrical center of the lens
body, as the lens body 18 may be rotationally non-sym-
metric. However, the common material section 36 may
relate to the core of the lens body 18 with which all other
sections of the lens body 18 are connected.

[0063] InFigure 1,itis also shown that the antenna 16
has a phase center P that is located within the common
material section 36. Hence, the phase center P is located
below the aperture A with respect to the radiation direc-
tion of the electromagnetic waves provided by the anten-
na 16.

[0064] Inother words, the common material section 36
is located in the area of the phase center P of the antenna
16.

[0065] The aperture A of the antenna 16 that is provid-
ed by the ends 24, 26 of the antenna portions 20, 22
defines a plane E that intersects one of both curved sec-
tions 28, 30, namely the upper curved section 28.
[0066] Infact, the plane Eintersects the funnel orrather
the truncated cone that is provided by the funnel-shaped
curved section 28, as shown in Figure 1.

[0067] Hence, the antenna portions 20, 22 are spaced
from each by the distance d that increases towards the
ends 24, 26.

[0068] In the shown embodiment of Figure 1, the an-
tenna portions 20, 22 are already spaced from each other
by distance d when they are located in a plane that in-

10

15

20

25

30

35

40

45

50

55

tersects the lower curved section 30. As already men-
tioned, the antenna portions 20, 22 are still spaced from
each other by distance d when they are located in a plane
that intersects the upper curved section 28. In fact, the
distance d increases towards the ends 24, 26.

[0069] In other words, the antenna portions 20, 22 are
spaced from each other over the entire axial length of
the common material section 36, which is limited by the
transitions of the curved sections 28, 30.

[0070] Furthermore, the lens body 18 may be made of
a foam material such that the lens body 18 can be com-
pressed. In addition, the lens body 18 protects the an-
tenna 16 that is at least partly placed inside the lens body
18.

[0071] As illustrated in Figures 1 and 3, the lens body
18 may have, in top view on the lens body 18, an elliptical
or circular shape. The cross sectional view shown in Fig-
ure 3 already provides the information that the outer cir-
cumference of the lens body 18 may be curved such that
the overall shape of the lens body 18 is an elliptical or
circular one.

[0072] In Figure 2, the radiation pattern of the antenna
system 14 shown in Figure 1 is illustrated together with
a radiation pattern of a similar antenna 16 without lens
body 18.

[0073] In fact, the half power beam width (HPBW) of
the antenna system 14, namely the wide-band antenna
16 together with the lens body 18, is higher than 35 de-
grees. Particularly, the half power beam width is higher
than 50 degrees, namely 55 degrees.

[0074] Alternatively to the Vivaldi antenna shown in
Figure 1, the antenna 16 may also be established by a
Horn antenna that is schematically shown in Figure 4.
[0075] The Horn antenna may comprise four antenna
portions, namely a first and second one 20, 22 as well
as a third and a fourth one. The first and the second
antenna portion 20, 22 as well the third and the fourth
one are pairwise located wherein they are located oppo-
site to each other such that a space is limited by the four
antenna portions.

[0076] In Figure 4, only the antenna portions 20, 22
are shown as the antenna 16 is illustrated in a cross-
sectional manner. However, the shape and structure of
a Horn antenna is known.

[0077] Accordingly, the antenna portions 20, 22 may
be established by metal sheets that define a room/space
in which the phase center P may be located.

[0078] As shown in Figure 4, the distance d between
two opposite antenna portions 20, 22 increases gradually
towards the respective ends 24, 26 of the antenna por-
tions 20, 22, wherein the ends 24, 26 define the aperture
A of the antenna 16.

[0079] Hence, the Horn antenna and the Vivaldi anten-
na are substantially similar with regard to their structure
concerning the phase center P as well as the gradually
increasing distance d towards the free ends 24, 26.
[0080] Accordingly, the Horn antenna shown in Figure
4 can be used with the lens body 18 shown in Figures 1
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and 3 in a similar manner. Hence, the phase center P of
the antenna 16 is also located in the common material
section 36 of the lens body 18, as the antenna portions
20, 22 are spaced from each other over the entire axial
length of the common material section 36.

[0081] Generally, the lens body 18 corresponds to a
flattened doughnut, a horn torus, a torus without opening,
a torus without continuous opening, a spindle torus
and/or non-symmetrical hemispheres, as shown in Fig-
ures 1 and 3. In other words, the lens body 18 does not
have a central opening or rather hole.

[0082] The phase center P of the antenna 16 is located
within the lens center, namely the common material sec-
tion 36. Thus, the radiation characteristics of the antenna
system 14 is improved, particularly the half power beam
width (HPBW).

Claims

1. Anantenna system (14) comprising a wide-band an-
tenna (16) and a lens body (18), wherein at least a
portion of the antenna (16) is placed inside the lens
body (18), wherein the antenna (16) has at least two
antenna portions (20, 22) with ends (24, 26), wherein
the antenna portions (20, 22) define a distance (d)
between them, wherein the distance (d) gradually
increases towards the ends (24, 26) defining the ap-
erture (A) of the antenna (16), wherein the lens body
(18) has at least two curved sections (28, 30) that
merge into a common material section (36) of the
lens body (18), and wherein the common material
section (36) is located below the aperture (A) of the
antenna (16).

2. The antenna system (14) according to claim 1,
wherein the common material section (36) corre-
sponds to a lens center.

3. The antenna system (14) according to claim 1 or 2,
wherein the common material section (36) is located
in the area of the phase center (P) of the antenna
(16).

4. The antenna system (14) according to any of the
preceding claims, wherein atleast one of both curved
sections (28, 30), particularly each of both curved
sections (28, 30), is funnel-shaped.

5. The antenna system (14) according to any of the
preceding claims, wherein the aperture (A) of the
antenna (16) defines a plane (E) that intersects one
of both curved sections (28, 30), in particular wherein
the plane (E) intersects the funnel provided by the
funnel-shaped curved section (28).

6. The antenna system (14) according to any of the
preceding claims, wherein the lens body (18) resem-
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10.

1.

12.

13.

14.

15.

bles a flattened doughnut, a horn torus, a torus with-
out opening, a torus without continuous opening, a
spindle torus and/or non-symmetrical hemispheres.

The antenna system (14) according to any of the
preceding claims, wherein the antenna portions (20,
22) are spaced from each other over the entire axial
length of the common material section (36).

The antenna system (14) according to any of the
preceding claims, wherein the antenna (16) is a
Vivaldi antenna.

The antenna system (14) according to any of claims
1 to 7, wherein the antenna (16) is a Horn antenna.

The antenna system (14) according to any of the
preceding claims, wherein the lens body (18) is ro-
tationally non-symmetric.

The antenna system (14) according to any of the
preceding claims, wherein the lens body (18), in top
view on the lens body (18), has an elliptical or circular
shape.

The antenna system (14) according to any of the
preceding claims, wherein the lens body (18) is made
of a foam material.

The antenna system (14) according to any of the
preceding claims, wherein the antenna portions (20,
22) comprise metal, in particular wherein the anten-
na portions (20, 22) are made of metal.

The antenna system (14) according to any of the
preceding claims, wherein the antenna system (14)
has a half power beam width of more than 35 de-
grees, particularly more than 50 degrees.

A compact antenna test range (10) comprising an
antenna system (14) according to any of the preced-
ing claims.
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