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(54) WAVEGUIDE ARRANGEMENT AND WAVE RADIATING AND/OR RECEIVING DEVICE

(57) A waveguide arrangement (1) comprises a di-
electric substrate (19) having a flat top surface (19a) and
a flat bottomsurface (19b) opposite the top surface (19a);
at least one stripline (20) having an electrically conduc-
tivematerial, wherein the stripline (20) is arranged on the
flat top surface (19a) and/or on the flat bottom surface
(19b) in a predefined region for guiding an electromag-
netic wave along; a first metallic layer (11) having a flat
bottomsurface (11b)andmagnetic conductingstructures
(12)which are arranged in a predefined pattern on the flat
bottom surface (11b), wherein the first metallic layer (11)
is arranged such above the dielectric substrate (19) that
the magnetic conducting structures (12) are directed

towards the dielectric substrate (19) and its flat top sur-
face (19a); a second metallic layer (15) having a flat top
surface (15a) and magnetic conducting structures (14)
which are arranged in a predefined pattern on the flat top
surface (15a), wherein the second metallic layer (15) is
arranged such below the dielectric substrate (19) that the
magnetic conductingstructures (14)aredirected towards
the dielectric substrate (19) and its flat bottom surface
(19b),wherein inaprojectionperpendicular on the flat top
surface (19a) and/or on the flat bottom surface (19b) of
the dielectric substrate (19) the magnetic conducting
structures (12, 14) are arranged laterally beside the at
least one stripline (20).
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Description

[0001] The present invention relates to a waveguide
arrangement and to a wave radiating and/or receiving
device.

Background

[0002] In usually known radar sensor appliances patch
antennas were considered as themost suitable radiating
elements due to small bandwidth requirement. Known
patch antennas are related to narrow bands, wherein an
increase of the bandwidth may require increasing the
substrate thickness or introducing parasitic elements.
[0003] Automotive radar sensors of the next genera-
tion can face spatial resolution requirements that trans-
late to operational bandwidths of 4 GHz to 5 GHz and
therefore a consideration of the limitations associated
with the planar patch antennas to achieving high RF
performance requirements for the next generation ra-
dars. Further, waveguide antennas have lower loss
and better overall efficiency and waveguides are known
and common to carry electromagnetic waves from one
point to the other point through a guided medium without
undesired leakage. Further, the guiding medium can be
air or free space for a classical hollow waveguide. The
metallic walls of typical hollow waveguides can prevent
the electromagnetic wave from spreading and bound it to
travel in a specified direction thereby reducing the trans-
mission losses. Generally known waveguides can be
categorized into rectangular and circular waveguides
and can have slots on their surface for radiating the
electromagnetic waves.
[0004] In some waveguide configurations the electro-
magnetic wave can be fed through an excitation source
from the transmission side and exit towards the receiving
side with a similar excitation source, which can be re-
ferred to as a waveguide launcher. It is possible to emit
the electromagnetic waves from the waveguide in sev-
eralways,whereinamost commonway is toprovideslots
in the wall of the waveguide.
[0005] Several antennas can be arranged to achieve
an antenna array for radar sensor devices, wherein such
an arrangement would also require a feed network to
transfer the electromagnetic wave from the source to the
antenna element, which can be deployed in an under-
lying layer arrangement to reach a smaller antenna
aperture, by avoiding intersections of the routing lines,
and gain antenna design freedom. As an example of a
two pieces waveguide antenna array block a top layer
can have a radiating unit cell and a bottom layer can have
a feed network.
[0006] Since one of the major constraints of a wave-
guide antenna can be its size the application of such an
antenna as a large antenna array required in for example
an imaging radar, the antenna may become bulky and
thicker resulting in the increase of the sensor size and
weight. As a consequence it is desirable to provide a

multilayer waveguide arrangement with metasurfaces
proposed to counteract theabovementioneddrawbacks.
This multilayer waveguide arrangement can, for exam-
ple, be based on gap waveguide technology. Such a
waveguide can use a coaxial line mode of propagation
andartificialmagnetic conductor (AMC) structures to trap
the electromagnetic waves inside a predefined region,
wherein an inner conductor for feeding electromagnetic
waves in thepredefined regioncanbe realizedbysupport
structures to hold the conductor.
[0007] US 2011/0181373 A1 describes waveguides
and transmission lines in gap waveguide structures be-
tween parallel conducting surfaces for microwave de-
vices.

Disclosure of invention

[0008] The present invention pertains to a waveguide
arrangement according to claim1and to awave radiating
and/or receiving device according to claim 10.
[0009] It is an object of this invention to improve the
construction properties of awaveguidearrangementwith
regard to required dimensions of the components and
with regard to the operational frequencies.
[0010] The object is solved by the subject-matter of the
independent claims.
[0011] Preferred embodiments are subject of the de-
pendent claims.
[0012] According to the invention the waveguide ar-
rangement comprises a dielectric substrate having a flat
top surface and a flat bottom surface opposite the top
surface; at least one stripline having an electrically con-
ductive material, wherein the stripline is arranged on the
flat top surface and/or on the flat bottom surface in a
predefined region for guiding an electromagnetic wave
along; a first metallic layer having a flat bottom surface
and magnetic conducting structures which are arranged
in a first predefined pattern on the flat bottom surface,
wherein the firstmetallic layer is arrangedsuchabove the
dielectric substrate that the magnetic conducting struc-
tures are directed towards the dielectric substrate and its
flat top surface; a second metallic layer having a flat top
surface and magnetic conducting structures which are
arranged in a second predefined pattern on the flat top
surface, wherein the second metallic layer is arranged
such below the dielectric substrate that the magnetic
conducting structures are directed towards the dielectric
substrate and its flat bottom surface, wherein in a projec-
tion perpendicular on the flat top surfaceand/or on the flat
bottom surface of the dielectric substrate the magnetic
conducting structures are arranged laterally beside theat
least one stripline.
[0013] By thewaveguidearrangementaccording to the
invention it is possible to omit further construction ele-
ments or minimize their application and/or number such
as holders for supporting a conductor element for the
electromagnetic waves (for example the stripline) which
can usually be distributed periodically over long trans-
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mission lines (geometryof thestripline) andwhichusually
may cause undesirable relatively high reflection coeffi-
cients and reduce the operating frequency bandwidth.
The waveguide arrangement according to the invention
can provide straight stripline geometries which have less
sensitivity to assembly tolerances especially for curved
transmission lines with unevenly distributed supporting
holders.
[0014] The first and/or second metallic layers can be
solidmetallic layers or non-metallic layers coveredwith a
metallic coating. Examples of applicable metals include
brass, copper or aluminum.
[0015] The dielectric substrate can represent an inner
layer in a sandwiched waveguide arrangement (for ex-
ample of a multilayer waveguide MLWG) and can be
designed using a dielectricmaterial with a stripline acting
as an inner conductor for electromagnetic waves inside
the sandwiched component and which does not require
any holders because the stripline is fixed by the sub-
strate.
[0016] According to a further embodiment of the wa-
veguide arrangement the stripline has a top part being
arranged on the flat top surface of the dielectric substrate
and a bottom part being arranged on the flat bottom
surface of the dielectric substrate, wherein in a projection
perpendicular on the flat top surface the top part and the
bottom part overlap each other fully or partly.
[0017] According to a further embodiment of the wa-
veguide arrangement at least one via in the dielectric
substrate electrically connects the top stripline with the
bottom stripline. Further vias can be placed at specific
locations to avoid any conductive imbalances between
the top and bottom stripline (the top part and bottom part
of the stripline).
[0018] According to a further embodiment of the wa-
veguide arrangement a predefined gap is defined be-
tween the magnetic conducting structures by the thick-
ness of the dielectric substrate or any kind of further
metallization or any kind of additional air gaps.
[0019] According to a further embodiment of the wa-
veguide arrangement a further predefined gap remains
between the magnetic conducting structures and the
dielectric substrate.
[0020] The magnetic conducting structures may be
arranged in contact with the dielectric substrate layer
or may be arranged to form an air gap. For example,
while the antenna/waveguide arrangementmay beman-
ufactured with the intent of having all magnetic conduct-
ing structures to contact the dielectric substrate, manu-
facturing tolerances may result in one or more, or even
all, of themagnetic conducting structures being arranged
with an air gap that results in no electrical contact.
[0021] According to a further embodiment of the wa-
veguide arrangement the first predefined pattern and the
second predefined pattern can be identical.
[0022] According to a further embodiment of the wa-
veguide arrangement the magnetic conducting struc-
tures are arranged in a predefined periodicity with pre-

defined distances between each other and with prede-
fined distances to the stripline in dependence on the
wavelength of the electromagnetic wave to be guided
by the stripline and wherein the magnetic conducting
structures have a predefined height.
[0023] The predefined dimensions can be scaled for
different wavelengths, for example if particular dimen-
sions for a predefined wavelength are known then the
resulting dimensions can be scaled for another wave-
length based on the factor of difference between the two
wavelengths.
[0024] According to a further embodiment of the wa-
veguide arrangement the first metallic layer and/or the
second metallic layer has at least one opening for enter-
ing or exiting a radiation to or from an interior of the
waveguide arrangement, wherein the interior is formed
between the firstmetallic layer and/or the secondmetallic
layer and the dielectric substate.
[0025] The interior is further formed between the mag-
netic conducting structures and the stripline can be lo-
cated within the interior which can be hollow or filled by a
gaseous or solid material.
[0026] According to the invention the wave radiating
and/or receiving device comprises at least one wave-
guide arrangement according to the invention; and an
antenna block which is placed on the first metallic layer,
for example on a top side, or on the secondmetallic layer,
for example on a bottom side, and on an opening for
entering or exiting a radiation to or from an interior of the
waveguide arrangement to or from the antenna block.
[0027] According to a further embodiment of the wave
radiating and/or receiving device the antenna block com-
prises a dielectric substrate having a flat top surface and
aflat bottomsurfaceopposite the topsurface;at least one
stripline having an electrically conductive material,
wherein the stripline is arranged on the flat top surface
and/or on the flat bottom surface in a predefined region
for guidinganelectromagneticwavealong; a firstmetallic
layer having a flat bottom surface andmagnetic conduct-
ing structures which are arranged in a predefined pattern
on the flat bottom surface, wherein the first metallic layer
is arranged such above the dielectric substrate that the
magnetic conducting structures are directed towards the
dielectric substrate and its flat top surface; a second
metallic layer having a flat top surface and magnetic
conducting structureswhich arearranged in a predefined
pattern on the flat top surface, wherein the second me-
tallic layer is arranged such below the dielectric substrate
that the magnetic conducting structures are directed
towards the dielectric substrate and its flat bottom sur-
face, wherein in a projection perpendicular on the flat top
surface and/or on the flat bottom surface of the dielectric
substrate the magnetic conducting structures are ar-
ranged laterally beside the at least one stripline.
[0028] According to a further embodiment of the wave
radiating and/or receiving device the antenna block com-
prises a bottom opening for exiting or entering the elec-
tromagnetic wave to the waveguide arrangement and
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which is placed on an opening of the first metallic layer or
of the second metallic layer of the waveguide arrange-
ment exiting or entering the electromagnetic wave from
the waveguide arrangement.
[0029] According to a further embodiment of the wave
radiating and/or receiving device the first metallic layer of
the antenna block has at least one radiation opening for
exiting or entering the electromagnetic wave from the
exterior to the interior of the antenna block or vice versa.
[0030] According to a further embodiment of the wave
radiating and/or receiving device the antenna block has
several radiation openings arranged in a predefined pat-
tern.
[0031] According to a further embodiment of the wave
radiating and/or receiving device the pattern of magnetic
conducting structures laterally fully surrounds the stri-
pline.
[0032] According to a further embodiment of the wave
radiating and/or receiving device the antenna block and
the waveguide arrangement are each provided as unit
cells.
[0033] According to a further embodiment of the wave
radiating and/or receiving device it comprises at least a
first array of antenna blocks and waveguide arrange-
ments and a feed distribution on a circuit board which
is arranged between the waveguide arrangements and a
radar chip device.
[0034] According to a further embodiment of the wa-
veguide arrangement the magnetic conducting struc-
tures of the first and/or second metallic layer form a
texturedsurfacewith thicker and thiner sections inheight.
[0035] The magnetic conductive structure can be rea-
lized by a textured surface (of the metallic layer(s) or of
the magnetic conductive structure itself).
[0036] According to a further embodiment of the wa-
veguide arrangement a difference in height between the
thicker and thiner sections of the textured surface is less
than λ/5, preferably less than λ/9 and most preferably
less than λ/12. Where λ is the operating free space
wavelength.
[0037] According to a further embodiment the wave
radiating and/or receiving device is a radar or part of a
radar device orwhich is used by a radar, for example in or
for a vehicle, or by any radio emitting device.
[0038] Thementioned wave radiating and/or receiving
device can be used for radiating and/or receiving of
electromagnetic radiation and represents a subwave-
length thin multi-layer gap waveguide with a sandwiched
conducting stripline.
[0039] The wave radiating and/or receiving device can
also be specified by the features and advantages of the
waveguide arrangement and vice versa.
[0040] In oneof thearrangementswhere thenumberof
the radiator in the antenna are less such that there is
enough space, the feedlines can be included/integrated
in the upper three layers consisting of the radiator slots
21. The total number of layers is thereby reduced to three
metallic layers, which results in reduced component

costs.

Brief description of the drawings

[0041] The invention will be explained in greater detail
with reference toexemplaryembodimentsdepicted in the
drawings as appended.
[0042] The accompanying drawings are included to
provide a further understanding of the present invention
and are incorporated in and constitute a part of this
specification. The drawings illustrate a comparative em-
bodiment and embodiments of the present invention and
together with the description serve to explain the princi-
ples of the invention. Other embodiments of the present
invention and many of the intended advantages of the
present invention will be readily appreciated as they
become better understood by reference to the following
detailed description. The elements of the drawings are
not necessarily to scale relative to each other. Like re-
ference numerals designate corresponding similar parts.

Fig. 1 shows a multilayer waveguide arrangement
according to the prior art.

Figures 2a, 2b and 2c show different views of a
waveguide arrangement according to an embodi-
ment of the invention.

Fig. 3 shows a wave radiating and/or receiving de-
vice in an exploded view according to an embodi-
ment of the invention.

Fig. 4 shows the wave radiating and/or receiving
device from Fig. 3 in a compact view.

Fig. 5 shows a wave radiating and/or receiving de-
vice according to another embodiment of the inven-
tion.

Fig. 6 shows a view of a waveguide arrangement
according to a further embodiment of the invention.

Detailed description of the invention

[0043] Although specific embodiments have been illu-
strated and described herein, it will be appreciated by
those of ordinary skill in the art that a variety of alternate
and/or equivalent implementations may be substituted
for the specific embodiments shown and described with-
out departing from the scope of the present invention.
Generally, this application is intended to cover any adap-
tations or variations of the specific embodiments dis-
cussed herein.
[0044] Fig. 1 shows a multilayer waveguide arrange-
ment according to the prior art.
[0045] The multilayer waveguide 1a has a top metallic
layer A, a bottom metallic layer B and an inner metallic
layer IN which is sandwiched between the top metallic
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layer A and the bottommetallic layer B with a predefined
height between both metallic layers. Further, artificial
magnetic conductors AMCs, for example as high impe-
dance structures are arranged at a bottom face of the top
metallic layer A and at a top face of the bottom metallic
layer B and which are connected to the corresponding
layer. Further, the artificial magnetic conductors AMCs
canextend towards the innermetallic layer IN. Inacentral
region of the sandwiched arrangement 1a and of the
inner metallic layer IN a hollow is provided and a con-
ductor C for electromagnetic waves placed in this hollow
andholdersHarearrangedbetween theconductorCand
the inner metallic layer IN at predefined distances be-
tween the holders such that the conductor C can be held
at a further predefineddistance towards the innermetallic
layer IN. A field of the electromagnetic wave can be
trapped inside the arrangement of AMCs and in the
hollow region.
[0046] Figures 2a, 2b and 2c show different views of a
waveguide arrangement according to an embodiment of
the invention.
[0047] Fig. 2a shows a cross sectional view to the
longitudinal extent of the stripline 20 and Fig. 2b shows
a perspective view on an exterior of the sandwiched
waveguide arrangement 1. The waveguide arrangement
1 comprises a dielectric substrate 19 having a flat top
surface 19a and a flat bottom surface 19b opposite the
top surface 19a, as shown in Fig. 2b.
Further, a stripline 20 having an electrically conductive
material is arrangedon the flat top surface19aandon the
flat bottom surface 19b in a predefined region for guiding
an electromagnetic wave along, in particular at a hollow
central region, namely the interior 18. A firstmetallic layer
11hasaflat bottomsurface11bandmagnetic conducting
structures 12, in particular artificial magnetic conductors,
which are arranged in a predefined pattern on the flat
bottom surface 11b, wherein the first metallic layer 11 is
arranged such above the dielectric substrate 19 that the
magnetic conducting structures 12 are directed towards
the dielectric substrate 19 and its flat top surface 19a. A
second metallic layer 15 has a flat top surface 15a and
magnetic conducting structures 14which are arranged in
a predefined pattern on the flat top surface 15a, wherein
the second metallic layer 15 is arranged such below the
dielectric substrate 19 that the magnetic conducting
structures 14 are directed towards the dielectric sub-
strate 19 and its flat bottom surface 19b, wherein in a
projection perpendicular on the flat top surface 19a an-
d/or on the flat bottom surface 19b of the dielectric sub-
strate 19 themagnetic conducting structures (12, 14) are
arranged laterally beside the at least one stripline 20.
Further, the stripline 20has a toppart 20a being arranged
on the flat top surface 19a of the dielectric substrate 19
and a bottom part 20b being arranged on the flat bottom
surface 19b of the dielectric substrate 19, wherein in a
projection perpendicular on the flat top surface 19a the
top part 20a and the bottom part 20b overlap each other
fully or partly.

[0048] Further, as can be seen in Fig. 2a, a predefined
gapGP remains between themagnetic conducting struc-
tures (12, 14) and the dielectric substrate 19.
[0049] The stripline 20 can represent a conductor
along which the electromagnetic wave can propagate.
[0050] When compared to Fig. 1 it can be recognized
that the wave conducting element, in particular the stri-
pline 20, is not guided as a separate element by holders
but is directly arranged on the dielectric substrate 19. In
other words, the waveguide arrangement 1 can repre-
sent a multilayered waveguide with a stripline line 20 on
the dielectric substrate 19 such that it is sandwiched
between themetallic layers 11 and 15, whereinmagnetic
conducting structures, for example as pins, can be ar-
ranged between the dielectric substrate and the metallic
layers respectively and in a predefined pattern around
the interior (hollow) region 18 in order to trap the electro-
magnetic fields therein and guide the electromagnetic
wave along the longitudinal direction of the stripline
20.The pins height and the periodicity of the AMCs
(12, 14) can be operating wavelength dependent. The
pins (12, 14) can function as a barrier or fence to prevent
the electromagnetic wave from propagating in the direc-
tions other than the desired one. The dielectric substrate
19 allows the conductor 20 to float without holding struc-
tures and the thickness of the substrate can be lowered
when compared to the prior art allowing the fields to be
more concentrated in the hollow (interior) region, for
example the substrate 19 can be in the range between
35 to 128 µm.
[0051] The thicknessof thewholemultilayer element is
mainly limited due to the pin height (height of the mag-
netic conducting structures (pins) in direction between
the dielectric substrate and the first or second metallic
layer), which is typically, i.e., λ0/10 (where λ0 is the
operating free space wavelength). Such a waveguide
usually has three layers stacked in such a way that the
top and bottommetallic layers are symmetric around the
inner dielectric layer. The pin height can be less than λ/5,
λ/7, λ/9 or preferable less than λ/12.
[0052] Fig. 2c shows a view similar to Fig. 2b with a cut
through the first metallic layer 11 in order to show the
periodic arrangement of the magnetic conducting struc-
tures 12 along the stripline 20, wherein the magnetic
conducting structures 12 and 14 can be arranged with
a predefined periodicity what means in a repeating num-
ber or pattern along a width and length of the metallic
layers 11and15with predefineddistancesbetweeneach
other and towards the stripline and/or towards the edges
of theparticularmetallic layer (11,15). In thisexample two
parallel rows of magnetic conducting structures 12 can
bearrangedoneach lateral sideof thestripline20 inorder
to provide a predefined fence function for the fields of the
electromagnetic wave in lateral directions. Themagnetic
conducting structures 12 and 14 can laterally surround
the stripline on each lateral sidewith a predefined pattern
and hold the electromagnetic fields of the electromag-
netic wave trapped inside the interior region 18 (Fig. 2a).
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The predefined periodicity with corresponding distances
depends on the wavelength which is guided by the stri-
pline.
[0053] Fig. 3 shows a wave radiating and/or receiving
device in an exploded view according to an embodiment
of the invention.
[0054] The waveguide arrangement 1 as mentioned,
for example, in Figures 2a - 2c is shown in a sandwiched
form in the bottom region of Fig. 3. On the flat top surface
11a of the first metallic layer 11 a slot 32 is shown for
exiting the electromagnetic wave from the waveguide
arrangement 1 through the slot opening 32 at this pre-
defined location.
[0055] Above the waveguide arrangement 1 an anten-
nablock21 is shown inexplodedviewsuch that the layers
and elements can be seen in separated positions but in
real the antenna block 21 is provided in compact form as
shown in Fig. 4.
[0056] The antenna block 21 comprises a (further)
dielectric substrate 26 having a flat top surface 26a
and a flat bottom surface 26b opposite the top surface
26a; at least one (further) stripline 27 having an electri-
cally conductive material, wherein the stripline 27 is ar-
ranged on the flat top surface 26a and/or on the flat
bottom surface 26b in a predefined region for guiding
an electromagnetic wave along; a (further) first metallic
layer 24 having a flat bottom surface 24b and magnetic
conducting structures 25 which are arranged in a pre-
defined pattern on the flat bottom surface 24b, wherein
the first metallic layer 24 is arranged such above the
dielectric substrate 26 that the magnetic conducting
structures 25 are directed towards the dielectric sub-
strate 26 and its flat top surface 26a; a (further) second
metallic layer 30 having a flat top surface 30a and mag-
netic conducting structures 29 which are arranged in a
predefined pattern on the flat top surface 30a, wherein
the second metallic layer 30 is arranged such below the
dielectric substrate 26 that the magnetic conducting
structures 29 are directed towards the dielectric sub-
strate 26 and its flat bottom surface 26b, wherein in a
projection perpendicular on the flat top surface 26a an-
d/or on the flat bottom surface 26b of the dielectric sub-
strate 26 themagnetic conducting structures (25, 29) are
arranged around the at least one (further) stripline 27. In
principle, the sandwiched structure of the antenna block
21 can mostly correpond to the sandwiched structure of
thewaveguide arrangement 1, for examplewith regard to
sizes of components and arrangements of magnetic
conducting structures like numbers and distances be-
tween them for influencing the same wavelength range
as the waveguide arrangement 1. The electromagnetic
wave can exit thewaveguide arrangement 1 from the slot
32andenter theantennablock21 throughanother slot 31
in the second metallic layer 30 and can be propagated
through theantennablock21along the further stripline27
which is arranged in a hollow interior of the antenna block
21. The further stripline 27 can extend along a predefined
path on one or both sides of the dielectric substrate 26 to

guide the electromagnetic wave and be surrounded from
lateral and longitudinal sides by magnetic conducting
structures 25 (and/or 29). The further stripline 27 does
in this example not reach the edge of the dielectric sub-
strate 26 as this can be the case for the stripline of the
waveguide arrangement 1 but is rather faced with further
magnetic conducting structures 25 (and/or 29) in this
longitudinal direction inorder tokeep theelectromagnetic
wave trapped inside the interior of the antanna block 21
also along this longitudinal direction. The stripline can
have a top part 27 facing a radiating side of the substrate
26 and a bottom part 28 facing a non-radiating side of the
substrate 26, wherein in perspective a top view both
bottom and top parts 27 and 28 can overlap each other.
The magnetic conducting structures 25 (and/or 29) can
comprise metal.
[0057] Further, the first metallic layer 24 of the antenna
block 21 can have at least one radiation opening 23 (or
several as shown in Fig. 3) for exiting or entering the
electromagnetic wave from the exterior to the interior of
the antenna block 21 or vice versa. For the case of
several openings (slots 23) in the first metallic layer 24
of the antenna block 21 the several radiation openings 23
can be arranged in a predefined pattern for achieving a
predefined radiation pattern. The radiation can be ra-
diated through the slots 23 in a desired direction and/or
received through the same slots and also radiated
through the slot 31 and32 to thewaveguide arrangement
1.
[0058] Fig. 4 shows the wave radiating and/or receiv-
ing device from Fig. 3 in a compact view.
[0059] The antenna block 21 can be placed on the first
metallic layer 11 and the antenna block 21 can be de-
signed with the slots 23 to radiate an electromagnetic
wave in a particular direction to achieve a desired field of
view. The waveguide arrangement 1 can be designed to
transmit an electromagneticwave through the stripline(s)
as feedlines from the launcher/excitation source to a
radiator (not shown). In particular, six layers of the an-
tenna block and of the waveguide arrangement 1 to-
gether can form a unit cell radiator, that can be used in
several configurations to achieve a desired radiation
pattern. The shape and dimension of the slot 23 can
be adapted to the desired radiating and receiving proper-
ties.
[0060] Fig. 5 shows a wave radiating and/or receiving
device according to another embodiment of the inven-
tion.
[0061] The wave radiating and/or receiving device 10
is shown in a top view on a printed circuit board PCB
having two arrays of antenna blocks A1 and A2, wherein
for each array an imprint 36 of connections and of circuits
(IC) 37 can be provided on the circuit board PCB, for
example imprints for the circuits on the underlying RF
substrate layer of the PCB.On the top side of the PCB35
ametallized feedline layer 34 canbeprovided. Feed lines
34 guide the electromagnetic waves to the antenna
blocks 21 and the electromagnetic wave can be radiated
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through the pattern of slots 33. The slots 33 may be
incorporated in a common top antenna layer. Further, a
communication line 38 can be provided between the two
imprint regions (36, 37) of the arrays. The wave radiating
and/or receiving device 10 can be used, for example, for
an imaging radar and/or driverless applications but also
other radiation and receiving applications are possible.
[0062] Fig. 6 shows a view of a waveguide arrange-
ment according to a further embodiment of the invention.
Fig. 6 shows a side view to the sandwiched arrangement
of the waveguide arrangement 1 with vias VA at prede-
fined positions and distances in the stripline 20. The
waveguide arrangement 1 comprises a dielectric sub-
strate 19 having a flat top surface and a flat bottom
surface opposite the top surface and the vias VA in the
dielectric substrate 19 electrically connect the top part
20a and the bottom part 20b of the stripline 20.
[0063] In the foregoing detailed description, various
features are grouped together in one or more examples
or examples with the purpose of streamlining the disclo-
sure. It is to be understood that the above description is
intended to be illustrative, and not restrictive. It is in-
tended to cover all alternatives, modifications and
equivalents.

Claims

1. Waveguide arrangement (1) comprising:

- a dielectric substrate (19) having a flat top
surface (19a) and a flat bottom surface (19b)
opposite the flat top surface (19a);
- at least one stripline (20) having an electrically
conductivematerial, wherein the stripline (20) is
arranged on the flat top surface (19a) and/or on
the flat bottom surface (19b) in a predefined
region for guiding an electromagnetic wave
along;
- a first metallic layer (11) having a flat bottom
surface (11b) and magnetic conducting struc-
tures (12) which are arranged in a first prede-
fined pattern on the flat bottom surface (11b),
wherein the first metallic layer (11) is arranged
such above the dielectric substrate (19) that the
magnetic conducting structures (12) are direc-
ted towards the dielectric substrate (19) and its
flat top surface (19a);
- a second metallic layer (15) having a flat top
surface (15a) and magnetic conducting struc-
tures (14) which are arranged in a second pre-
defined pattern on the flat top surface (15a),
wherein the second metallic layer (15) is ar-
ranged such below the dielectric substrate
(19) that the magnetic conducting structures
(14) aredirected towards thedielectric substrate
(19) and its flat bottom surface (19b), wherein in
a projection perpendicular on the flat top surface

(19a) and/or on the flat bottom surface (19b) of
the dielectric substrate (19) the magnetic con-
ducting structures (12, 14) arearranged laterally
beside the at least one stripline (20).

2. Waveguide arrangement (1) according to claim 1,
wherein the stripline (20) has a top part (20a) being
arranged on the flat top surface (19a) of the dielectric
substrate (19) and a bottom part (20b) being ar-
ranged on the flat bottom surface (19b) of the di-
electric substrate (19), wherein in a projection per-
pendicular on the flat top surface (19a) the top part
(20a) and the bottom part (20b) overlap each other
fully or partly.

3. Waveguide arrangement (1) according to claim 2,
where at least one via (VA) in the dielectric substrate
(19) connects the top part (20a) and the bottom part
(20b).

4. Waveguide arrangement (1) according to claim 1, 2
or 3, wherein a predefined gap (GP) remains be-
tween the magnetic conducting structures (12, 14)
and the dielectric substrate (19).

5. Waveguide arrangement (1) according to any of
claims 1 to 4, wherein the magnetic conducting
structures (12, 14) are arranged in a predefined
periodicity with predefined distances between each
other and with predefined distances to the stripline
(20) in dependence on the wavelength of the elec-
tromagnetic wave to be guided by the stripline (20)
andwherein themagnetic conducting structures (12,
14) have a predefined heigth.

6. Waveguide arrangement (1) according to any of
claims 1 to 5, wherein the first metallic layer (11)
and/or the secondmetallic layer (15) has at least one
opening (32) for entering or exiting a radiation to or
from an interior (18) of the waveguide arrangement
(1), wherein the interior (18) is formed between the
first metallic layer (11) and/or the second metallic
layer (15) and the dielectric substate (20).

7. Waveguide arrangement (1) according to any of
claims 1 to 6, wherein the first predefined pattern
and the second predefined pattern can be identical.

8. Waveguide arrangement (1) according to any of the
preceding claims 1 to 7, wherein the magnetic con-
ducting structures of the first and/or second metallic
layer form a textured surface with thicker and thiner
sections in height.

9. Waveguide arrangement (1) according to claim 8,
wherein a difference in height between the thicker
and thiner sections of the textured surface is less
than λ/5, preferably less than λ/9 and most prefer-
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ably less than λ/12.

10. Wave radiating and/or receiving device (10) com-
prising:

- at least one waveguide arrangement (1) ac-
cording to any of claims 1 to 9;
- an antenna block (21) which is placed on the
first metallic layer (11) or on the second metallic
layer (15) and on an opening (32) for entering or
exitinga radiation toor froman interior (18) of the
waveguide arrangement (1) to or from the an-
tenna block (21).

11. Wave radiating and/or receiving device (10) accord-
ing to claim 10, wherein the antenna block (21)
comprises:

- a dielectric substrate (26) having a flat top
surface (26a) and a flat bottom surface (26b)
opposite the flat top surface (26a);
- at least one stripline (27) having an electrically
conductivematerial, wherein the stripline (27) is
arranged on the flat top surface (26a) and/or on
the flat bottom surface (26b) in a predefined
region for guiding an electromagnetic wave
along;
- a first metallic layer (24) having a flat bottom
surface (24b) and magnetic conducting struc-
tures (25) which are arranged in a predefined
pattern on the flat bottom surface (24b), wherein
the first metallic layer (24) is arranged such
above the dielectric substrate (26) that themag-
netic conducting structures (25) are directed
towards the dielectric substrate (26) and its flat
top surface (26a);
- a second metallic layer (30) having a flat top
surface (30a) and magnetic conducting struc-
tures (29) which are arranged in a predefined
pattern on the flat top surface (30a), wherein the
second metallic layer (30) is arranged such be-
low the dielectric substrate (26) that the mag-
netic conducting structures (29) are directed
towards the dielectric substrate (26) and its flat
bottom surface (26b), wherein in a projection
perpendicular on the flat top surface (26a) an-
d/or on the flat bottom surface (26b) of the di-
electric substrate (26) the magnetic conducting
structures (25, 29) are arranged around the at
least one stripline (27).

12. Wave radiating and/or receiving device (10) accord-
ing to claim 10 or 11, wherein the antenna block (21)
comprises a bottom opening (31) for exiting or en-
tering the electromagnetic wave from or to the wa-
veguide arrangement (1) and which is placed on an
opening (32) of the first metallic layer (11) or of the
secondmetallic layer (15) of thewaveguide arrange-

ment (1) exiting or entering the electromagnetic
wave from or to the waveguide arrangement (1).

13. Wave radiating and/or receiving device (10) accord-
ing to any of claims 10 to 12,wherein the firstmetallic
layer (24) of the antenna block (21) has at least one
radiation opening (23) for exiting or entering the
electromagneticwave from theexterior to the interior
of the antenna block (21) or vice versa.

14. Wave radiating and/or receiving device (10) accord-
ing to any of claims 10 to 13, wherein the antenna
block (21) has several radiation openings (23) ar-
ranged in a predefined pattern.

15. Wave radiating and/or receiving device (10) accord-
ing to any of claims 10 to 14, wherein the pattern of
magnetic conducting structures (25) laterally fully
surrounds the stripline (27).

16. Wave radiating and/or receiving device (10) accord-
ing to any of claims 10 to 15, wherein the antenna
block (21) and the waveguide arrangement (1) are
each provided as unit cells.

17. Wave radiating and/or receiving device (10) accord-
ing to anyof claims10 to16, comprisingat least a first
array (A1, A2) of antenna blocks (21) andwaveguide
arrangements (1) and a feed distribution (34) on a
circuit board (PCB, 35) which is arranged between
the waveguide arrangements (1) and a chip device.

18. Wave radiating and/or receiving device (10) accord-
ing to any of claims 10 to 17, which is part of a radar
device or which is used by any radio emitting device.
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