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Description

TECHNICAL FIELD

[0001] The present invention is directed to a system
comprising a waveguide and a printed circuit board
(PCB) and the printed circuit board itself.

BACKGROUND

[0002] Rectangular waveguides are frequently used in
high frequency/millimeter wave (mmW) applications to
transmit or filter mmW signals with minimal power losses
and/or signal distortion. Further, rectangular waveguide-
based transmission lines/filters are commonly built from
aluminum blocks by milling rectangular cavities in the
aluminum. Therefore, they are bulky, heavy and mechan-
ically incompatible with other components of a complete
radio system, such as an RF transceiver or antenna,
which are frequently developed on printed circuit boards
(PCBs). Therefore, carefully designed signal transitions
from/to rectangular waveguides to/from PCB-based
transmission lines (e.g. microstrip lines, strip lines etc.)
are required for the integration of PCB- based radio fre-
quency components with waveguide-based compo-
nents. For example, in the context of 5G mmW massive
MIMO systems, in which multiple transceivers are inte-
grated and coherently operated within a single radio unit,
such transitions should be as compact as possible and
preferably implement more than one function.
[0003] US 2011/267153 A1 discloses a waveguide-
microstrip line converter that can be used for a circuit
such a as a microwave circuit or a millimeter wave circuit.
US 6 958 662 B1  discloses a device for guiding electro-
magnetic waves from a multi-band wave guide, to a micro
strip line, arranged at one end of the wave guide. US 5
793 263 A discloses a microstrip transmission line struc-
ture adapted for coupling to an open end of a waveguide.
US 2003/0042993 A1 discloses a waveguide-microstrip
line converter comprising a PCB and associated via holes
that are configured to receive screws for fixing the PCB
to the waveguide.

SUMMARY

[0004] Therefore, there is a need for providing a sys-
tem comprising a waveguide and a PCB and the PCB
itself, which are very compact. The objective of the
present invention is achieved by the solution provided in
the enclosed independent claims. The present invention
is defined by a system according to claim 1, and a printed
circuit board, PCB, according to independent claim 10.
Advantageous implementations of the present invention
are further defined in the dependent claims.
[0005] In a first aspect, a system is provided compris-
ing a waveguide having a body with a first end having an
opening, and a PCB having a bottom side and an op-
posed top side, wherein the PCB comprises a ground

layer, a dielectric material layer and a signal layer ar-
ranged in a layer stack from the bottom side to the top
side of the PCB, wherein the dielectric layer is arranged
between the ground layer and the signal layer, wherein
the signal layer comprises a coupling pad and a first and
a second output transmission lines both connected to the
coupling pad, further comprising a non-conducting slot
in the ground layer; further comprising an electric wall
galvanically connecting the coupling pad through the di-
electric layer to the ground layer, wherein the first end of
the waveguide is arranged on the bottom side and is gal-
vanically connected with the ground layer, wherein the
opening, the non-conducting slot and the coupling pad
are aligned such that in a stacking direction of the layer
stack the opening, the slot and the coupling pad at least
partially overlap.
[0006] Therefore, due to the above-mentioned solution
in the present invention, by using a galvanic concept no
back short is required and therefore a very compact sys-
tem comprising the waveguide and the PCB can be pro-
vided, wherein the system works at the same time as a
power divider/balun. Therefore, the proposed solution is
particularly suitable for applications that require high in-
tegration between the waveguide and the printed circuit
board.
[0007] Further, each of the layers of the PCB is pro-
vided with a through-hole configured for accepting a
screw for screwing the PCB to the waveguide and the
through-holes of each layer are aligned such that in the
stack direction the through-holes coincide, thereby form-
ing a hole extending from the top side of the PCB to the
bottom side of the PCB, wherein the hole extending from
the top side of the PCB to the bottom side of the PCB
does not overlap with the opening in the waveguide, the
non-conducting slot and the coupling pad, wherein the
through-holes are metallized (plated) and form a part of
the electric wall. The through-hole is further arranged in
close proximity to the coupling pad, so that a distance
between a center axis of the through-hole of the signal
layer to a center point of the opening of the wave guide
is between 60% to 300% of a width of the opening of the
waveguide, preferably between 100% to 250% of the
width of the opening of the waveguide.
[0008] Thereby, a tight fixing of the PCB with the
waveguide is possible and a good galvanic contact be-
tween the ground layer and the walls of the waveguide
is also possible. Since the through-hole extending from
the top to the bottom side of the PCB does not overlap
with the opening in the waveguide and the non-conduct-
ing slot, the overall operation and functioning of the whole
system is not affected by the provision of the through-
holes.
[0009] Due to the metallization of the inner walls of the
through-holes, a galvanic contact between the coupling
pad and the ground layer is possible. Therefore, less ad-
ditional vias have to be arranged, since the through holes
are at least partly used as a part of the electronic wall.
Furthermore, metallizing the inner wall of the through-
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hole can be easily implemented in the manufacturing
process and therefore saves manufacturing costs.
[0010] Moreover, it is possible to mechanically fix the
coupling pad as good as possible in its position and im-
part stress on the coupling pad as close as possible to
the opening of the waveguide.
[0011] In a first implementation form of the system ac-
cording to the first aspect, the electric wall is arranged
on and contacts at least one edge portion of the coupling
pad.
[0012] This is one implementation form for providing a
galvanic contact between the coupling pad and the
ground layer and on certain edge portions the electric
wall has to galvanically contact the coupling pad for en-
suring the galvanic contact between the coupling pad
and the ground layer. Therefore, only a minimum area
of the coupling pad is needed for ensuring a galvanic
contact between the coupling pad and the ground layer.
[0013] In a second implementation form of the system
according to the first aspect, the coupling pad together
with the first and second output transmission lines is
point-symmetric with respect to a symmetry point of the
coupling pad.
[0014] In a third implementation form of the system ac-
cording to the first aspect, the coupling pad together with
the first and second output transmission lines is mirror-
symmetric with respect to an axis extending through a
symmetry point of the coupling pad perpendicularly to a
main extension direction of the coupling pad, wherein the
main extension direction of the coupling pad is the direc-
tion, in which the coupling pad has its largest extension.
[0015] This is another alternative for providing a spe-
cific shape of the coupling pad also serving for high in-
tegration purposes and contributes for providing a com-
pact coupling pad being part of the signal layer.
[0016] In a fourth implementation form according to the
first aspect, the electric wall is formed at least by a plu-
rality of conducting vias extending at least between the
signal layer and the ground layer through the dielectric
material layer.
[0017] Thereby, due to the arrangement of conducting
(plated) vias, a very easy implementation form of the elec-
tric wall is provided, since conducting vias can be easily
manufactured in a manufacturing process. Due to the
arrangement of the vias and since these vias extend at
least between the signal layer and the ground layer
through the dielectric material layer, a galvanic contact
between the signal layer and the ground layer is possible
in a simple way.
[0018] In a fifth implementation form according to the
first aspect, the electric wall includes a first and second
electric wall portion, which are separated.
[0019] In particular, due to the arrangement of such an
opening between the first and second electric wall portion
it is possible that the output transmission lines can be
directed away from the coupling pad at the shortest way
possible and, for example, do not have to circumvent the
whole coupling pad, but can penetrate through the cou-

pling pad within the opening defined by the first and sec-
ond electric wall portions. Therefore, an effective way of
leading the first and second output transmission lines
away from the coupling pad is possible.
[0020] In a sixth implementation form according to the
first aspect, a first impedance matching portion and a
second impedance matching portion are provided in the
signal layer, wherein the first output transmission line is
connected to the coupling pad by the first impedance
matching portion and wherein the second output trans-
mission line is connected to the coupling pad by the sec-
ond impedance matching portion.
[0021] Due to the arrangement of the impedance
matching portions it is possible to achieve a maximization
of power transfer from the coupling pad to the first and
second output transmission lines and a minimization of
signal reflection.
[0022] In a seventh implementation form according to
the first aspect, the layer stack further comprises a further
dielectric material layer and a further ground layer,
wherein the further dielectric material layer is arranged
above the signal layer and wherein the further ground
layer is arranged above the further dielectric material lay-
er.
[0023] Therefore, in principle the coupling pad cannot
only be coupled to the ground layer but also to the further
ground layer, so that the coupling pad couples via the
electric wall to both, the ground layer and the further
ground layer.
[0024] In an eighth implementation form according to
the first aspect, the electric wall further galvanically con-
nects the further ground layer to the coupling pad and
the ground layer.
[0025] Thereby, a galvanic connection between both,
the ground layer and the further ground layer is possible.
[0026] In a ninth implementation form according to the
first aspect, the system further comprises a waveguide-
based stepped-impedance transformer attached to the
open end of the waveguide between the first end of the
waveguide and the bottom side of the PCB.
[0027] Thereby, it is possible to match the dimensions
of the waveguide to the desired impedance level at the
plane of the non-conductive slot. Thereby, also a very
compact and small footprint non-conducting slot and cou-
pling pad can be achieved on the PCB.
[0028] According to a second aspect of the present
invention, a printed circuit board, PCB, is provided having
a bottom side and an opposed top side, wherein the PCB
comprises a ground layer, a dielectric material layer and
a signal layer arranged in a layer stack from the bottom
side to the top side of the PCB, wherein the dielectric
material layer is arranged between the ground layer and
the signal layer, wherein the signal layer comprises a
coupling pad and a first and second output transmission
line, both connected to the coupling pad, further compris-
ing a non-conducting slot in the ground layer, further com-
prising an electric wall galvanically connecting the cou-
pling pad through the dielectric material layer to the
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ground layer, wherein the non-conducting slot and the
coupling pad are aligned, such that in a stack direction
of the layer stack the non-conducting slot and the cou-
pling pad at least partially overlap. Further, each of the
layers of the PCB is provided with a through-hole config-
ured for accepting a screw for screwing the PCB to the
waveguide and the through-holes of each layer are
aligned such that in the stack direction the through-holes
coincide, thereby forming a hole extending from the top
side of the PCB to the bottom side of the PCB, wherein
the hole extending from the top side of the PCB to the
bottom side of the PCB does not overlap with the opening
in the waveguide, the non-conducting slot and the cou-
pling pad, wherein the through-holes are metallized (plat-
ed) and form a part of the electric wall. The through-hole
is further arranged in close proximity to the coupling pad,
so that a distance between a center axis of the through-
hole of the signal layer to a center point of the opening
of the wave guide is between 60% to 300% of a width of
the opening of the waveguide, preferably between 100%
to 250% of the width of the opening of the waveguide.
[0029] Thereby, a very compact PCB board can be pro-
vided, which can be used for providing a system of a
waveguide and the PCB board, wherein this system does
not need any waveguide back short.

BRIEF DESCRIPTION OF DRAWINGS

[0030] The above-described aspects and implementa-
tion forms of the present invention will be explained in
the following description of specific embodiments in re-
lation to enclosed drawings in which

FIG. 1 shows an exploded view of a system accord-
ing to an embodiment of the present inven-
tion.

FIG. 2 shows a schematic cross-sectional view of
the transition between the waveguide and the
PCB.

FIG. 3 shows another schematic cross-sectional
view of a system comprising a waveguide and
a PCB according to an embodiment of the
present invention.

FIG. 4 shows another schematic cross-sectional
view of another system comprising a
waveguide and a PCB according to an em-
bodiment of the present invention.

FIG. 5 shows a top view on a signal layer of a PCB
according to an embodiment of the present
invention.

FIG. 6 shows on the left side a top view of a PCB
and on the right side a bottom view of the PCB
according to an embodiment of the present

invention.

FIG. 7 shows a perspective side view on a signal
layer of a PCB according to an embodiment
of the present invention.

FIG. 8 shows a top view of an arrangement compris-
ing a PCB according to the present invention
and an antenna array.

FIG. 9 shows simulated S-parameters depending on
the frequency of the proposed solution ac-
cording to the present invention.

FIG. 10 shows simulated phase differences between
the first and second output transmission lines
of a PCB according to an embodiment of the
present invention.

[0031] Generally, it has to be noted that all arrange-
ments, devices, elements, units and means and so forth,
described in the present application, could be implement-
ed by software or hardware elements or any kind of com-
bination thereof. All steps which are performed by the
various entities described in the present application as
well as the functionality described to be performed by the
various entities are intended to mean that the respective
entity is adapted to or configured to perform the respec-
tive steps and functionalities. Even if in the following de-
scription of specific embodiments a specific functionality
or step to be performed by a general entity is not reflected
in the description of a specific detailed element of that
entity which performs that specific step or functionality,
it should be clear for a skilled person that these elements
and functionalities can be implemented in respective
hardware or software elements or any kind of combina-
tion thereof. Further, the method of the present invention
and its various steps are embodied in the functionalities
of the various described apparatus elements.
[0032] In FIG. 1 a system comprising a waveguide 100
and a PCB 106 are shown. As one can see, waveguide
100 has a body having a first end 102 and an opening
104. The opening 104 is shown in FIG. 1 as an elongated
opening 104. The length of opening 104 is defined as the
extension of opening 104 in the main extension direction
of the opening 104, wherein the main extension direction
is the direction in which the opening 104 has its largest
extension. A width of the opening 104 is perpendicular
to the length of the opening 104. Furthermore, in the ex-
ploded view of FIG. 1, PCB 106 comprises a ground layer
108, a dielectric material layer 110 and a signal layer 112
in the stack direction. In this context, the further dielectric
material layer 110’ and the further ground layer 108’,
above signal layer 112 and therefore above coupling pad
114, as can be seen in FIG. 1, are just optional features
and not absolutely necessary for enabling the present
invention. Therefore, the essential elements are the
ground layer 108, the dielectric material layer 110 togeth-
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er with electric wall 122a, 122b and signal layer 112 in
the stack direction starting from the bottom side 106b of
PCB 106.
[0033] In particular, the signal layer 112 comprises a
coupling pad 114 and a first output transmission line 116
and a second output transmission line 118. As shown in
FIG. 1, the first output transmission line 116 and the sec-
ond output transmission line 118 can be separately con-
nected to the coupling pad 114 via a first impedance
matching section 115a and a second impedance match-
ing section 115b, respectively. Further, as shown in FIG.
1, the structure comprising the first and second output
transmission lines 116 and 118 together with the coupling
pad 114 can be point-symmetric with respect to a sym-
metry point of the coupling pad 114 being a center point
of the coupling pad 114. Furthermore, the first and sec-
ond output transmission lines 116 and 118 can be micro-
strip lines in one example.
[0034] Further, in a stack direction of the system of Fig.
1, above ground layer 108 dielectric material layer 110
is provided, wherein electric wall extends through dielec-
tric material layer 110 so that coupling pad 114 is gal-
vanically connected to ground layer 108 through the di-
electric material layer 110. In this context, the electric
wall consists of a first electric wall portion 122a and a
second electric wall portion 122b, both arranged within
dielectric material layer 110, so as to cover at least an
edge portion 124 of coupling pad 114. In one implemen-
tation form, electric wall 122a, 122b can be implemented
by vias instead of providing the elongated portions 122a,
122b as can be seen in FIG. 1. Furthermore, ground layer
108 comprises a non conducting slot 120. In the embod-
iment of FIG. 1, non-conducting slot 120 is arranged so
that in the stack direction non-conducting slot 120 over-
laps with elongated opening 104. Furthermore, ground
layer 108 is galvanically connected to waveguide 100
and opening 104 of waveguide 100 at least partially over-
laps with non-conducting slot 120 and coupling pad 114.
[0035] Furthermore, waveguide 100 and/or ground
layers 108, 108’ and/or the signal layer 112 and/or electric
wall 122 can be made of an electrically conductive ma-
terial, e.g. copper or aluminium. In this context, non con-
ducting slot 120 is needed to couple the fields from the
waveguide 100 to the first and second output transmis-
sion lines 116 and 118 via electric wall 122a, 122b. In
this context, as said above, optionally an additional fur-
ther dielectric material layer 110’ can be arranged above
signal layer 112. Above further dielectric material layer
110’ the further ground layer 108’ can be provided in the
stack direction. Furthermore, within further dielectric ma-
terial layer 110’ electric wall 122a, 122b is extended also
into the further dielectric material layer 110 in the same
position as within dielectric material layer 110 and pref-
erably having also the same dimensions as within die-
lectric material layer 110. Thereby, it is possible that the
signal layer 112 is galvanically coupled to the ground
layer 108 and to the further ground layer 108’ at the same
time via electric wall 122 provided respectively on die-

lectric material layer 110 and further dielectric material
layer 110. Further, dielectric wall 122a, 122b is shaped
so as to ensure proper field distribution.
[0036] Further, on the first end 102 of waveguide 100
a stepped impedance transformer can be attached and
on an opposed second end of the stepped impedance
transformer the bottom side 106b of the PCB 106 can be
attached. Thereby, a small footprint of the opposed end
of the stepped impedance transformer can be achieved
on the bottom surface of the bottom side 106b of PCB
106.
[0037] With this arrangement of FIG. 1, an incoming
signal from the waveguide is split into two separate sig-
nals by the coupling pad 114 provided within the PCB
106, wherein those signals preferably have equal ampli-
tudes and are out-of-phase by 180°. The area required
on the PCB for the transition and the power division func-
tion is particularly small, and no waveguide back short is
required on the top side 106a of the PCB 106. In the
arrangement according to the present invention, the di-
mensions of the coupling pad 114 can also be made
much smaller as in state of the art solutions.
[0038] FIG. 2 shows a schematic cross-sectional view
of a system according to an embodiment of the present
invention. There, waveguide 100 is galvanically connect-
ed to the ground layers 108, 108’ of PCB 106. The system
of the waveguide 100 together with the PCB 106 is fixed
by screws 202. The screws 202 extend from the top side
106a of the PCB 106 beyond the bottom side 106b of the
PCB 106 for fixing and galvanically connecting the
ground plane of the PCB 106 to waveguide 100. The
screws 202 are separated from non-conducting slot 120
in the stack direction, so that screws 202 and the non-
conducting slot 120 together with opening 104 do not
overlap. Further in the stack direction above ground layer
108 dielectric material layer 110 is provided. Above die-
lectric material layer 110 signal layer 112 is provided fol-
lowed by further (optional) dielectric material layer 110’.
Above the further dielectric material layer 110’ the further
(optional) ground layer 108’ is provided. Screws 202 ex-
tend respectively through a through hole extending from
the top side 106a of the PCB 106 to the bottom side 106b
of PCB 106. Screws 202 enable good galvanic contact
between waveguide 100, ground layer 108, coupling pad
114 in signal layer 112 and the further ground layer 108’
and a tight fixation of the elements of the system.
[0039] FIG. 3 shows another schematic cross-section-
al view of another embodiment of the present invention.
There, again PCB 106 is attached to waveguide 100.
Furthermore, in the stack direction, the ground layer 108,
dielectric material layer 110, signal layer 112, further di-
electric material layer 110 and further ground layer 108
can be provided.
[0040] Figure 4 shows another schematic cross-sec-
tional view of another embodiment of the present inven-
tion. In the stack direction, on the bottom side 106b of
PCB 106 the first end 102 of waveguide 100 is attached.
Further, in the stack direction, the bottom layer 108, the
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dielectric material layer 110, the signal layer 112, the
further dielectric material layer 110’, the further signal
layer 112’, a further dielectric material layer 110" and a
further ground layer 108’ can be provided.
[0041] Fig. 5 shows a top view on a signal layer of a
PCB according to a further embodiment of the present
invention. There, electric wall is separated into two elec-
tric wall portions, namely the first electric wall portion
122a and the second electric wall portion 122b. These
two electric wall portions 122a and 122b are separated
from each other, thereby forming a first opening 502 and
a second opening 504 through which at least partially
first output transmission line 116 and second output
transmission line 118 respectively can extend. Further-
more, both, the first electric wall portion 122a and the
second electric wall portion 122b, respectively, contact
the edge portion 124 of coupling pad 114. Both, the first
electric wall portion 122a and the second electric wall
portion 122b extend through dielectric material layer 110
and contact ground layer 108, so that coupling pad 114
is galvanically coupled to ground layer 108. In this con-
text, opening 104 of the waveguide 100, the non-con-
ducting slot 120 and coupling pad 114 are aligned in the
stack direction, so that opening 104, non-conducting slot
120 and coupling pad 114 at least partially overlap, which
can also be seen in FIG. 5. Coupling pad 114 together
with first and second output transmission lines 116 and
118 are point symmetric with respect to a center point of
the coupling pad 114.
[0042] In this context, it should be noted that first and
second electric wall portions 122a and 122b are shown
in FIG. 5 as elongated portions and therefore consuming
much of the volume of dielectric material layer 110. How-
ever, it is typically sufficient that electric wall 122a, 122b
contacts the edge portion 124 of coupling pad 114 and
therefore the dimensions of the electric wall 122a, 122b
can be made much smaller than shown in Fig. 5. In par-
ticular the first and second electric wall portions 122a and
122b can be made as small as a portion of each electric
wall portions 122a and 122b overlaps with an edge por-
tion 124 of coupling pad 114. Further, instead of the elon-
gated continuous electric wall portions 122a and 122b
the first and second electric wall portions 122a and 122b
can consist of or comprise series of vias at least extend-
ing from the coupling pad to ground layer 108 through
dielectric material layer 110. The distance between the
vias is chosen such that for a lowest frequency of signals
transmitted using the system the vias form an electric
wall.
[0043] Further, FIG. 6 shows another embodiment of
the present invention showing on the left side the signal
layer 112 of PCB 106 and on the right side the ground
layer 108 of PCB 106. The dark grey structures indicate
copper material, the bright grey structures indicate holes
and vias. Further, the black structures show copper free
areas. On the left side showing signal layer 112 three
separate coupling pads 114 are provided in sequence
from the top of the left side figure to the bottom of the left

side figure. Each of these coupling pads 114 together
with first and second output transmission lines 116 and
118 is point-symmetric with respect to a center point of
coupling pad 114. Furthermore, first and second electric
wall portions 122a and 122b are provided next to each
coupling pad 114 by arranging a plurality of vias 602 in
a series, so that each of the electric wall portions 122a
and 122b consists of a plurality of vias 602. Further, screw
openings (through holes) 202’ are provided in close prox-
imity to coupling pad 114. In this context, the distance
between the center of the screw openings 202’ and the
center of the waveguide opening 104 can be minimum
0.6 times the width of the waveguide opening. In a pre-
ferred implementation, this distance should be between
100%-250% of the width of the waveguide opening, also
depending on the diameter of the used screws and the
corresponding though hole.
[0044] The off-centered feeding of the coupling pad is
advantageous for a close placing of the screws to the
coupling pad 114. Therefore, it is possible to arrange
screws 202 as close as possible to each coupling pad
114, thereby ensuring a tight mechanical fixing of each
coupling pad 114 in the arrangement and mechanical
stress is exerted on each coupling pad 114 as high as
possible. Furthermore, in particular due to the point-sym-
metric arrangement of coupling pad 114, a very dense
arrangement of the coupling pads 114 together with
screws 202 is possible. The right half of FIG. 6 shows
the ground layer 108 of the PCB 106 with non-conducting
slots 120, the vias 602 and the screw openings 202’.
[0045] Further, FIG. 7 shows another embodiment of
the present invention in a perspective view on signal layer
112, wherein coupling pad 114 is mirror-symmetric with
respect to an axis extending through a symmetry point
of coupling pad 114 perpendicular to a main extension
direction of the coupling pad 114, wherein the main ex-
tension direction is the direction of the largest extension
of the coupling pad 114. Furthermore, electric wall is
made up of four electric wall portions, 122 a, b, c, and d,
which at least partially contact respectively coupling pad
114 on a respective edge portions 124.
[0046] Furthermore, FIG. 8 shows a PCB of the present
invention together with first radiators 811a, second radi-
ators 811b, third radiators 812a and fourth radiators
812b. The first, second, third and fourth radiators 811a,
811b, 812a and 812b are arranged in columns, wherein
each column can contain one first radiator 811a, one sec-
ond radiator 811b, one third radiator 812a and one fourth
radiator 812b. However, each column can also contain
more than four radiators. Further, between the second
radiator 811b and the third radiator 812a the coupling
pad 114 together with first and second output transmis-
sion lines 116 and 118 are provided in the point symmet-
ric arrangement. Further, the first output transmission line
116 is connected to the first and second radiators 811a
and 811b. Further, the third and fourth radiators 812a
and 812b are connected to the second output transmis-
sion line 118. Further first and second electric wall por-
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tions 122a and 122b are implemented by a plurality of
vias 602. Further in a direction perpendicular to the col-
umns, screws 202 are provided as close as possible to
coupling pad 114 for ensuring a tight fixing of the coupling
pad 114.
The first and second radiators 811a and 811b resemble
a first subarray and the third and fourth radiators 812a
and 812b resemble a second subarray, wherein the two
subarrays are fed with 180° phase difference. Due to the
compact arrangement of the coupling pad 114 together
with vias 602 the distance between the two sub-arrays
can also be minimized and the column width can be min-
imized. This leads to a better performance regarding side
lobes for large tilt angles.
[0047] Further, FIG. 9 shows a graph indicating the S-
parameter (in dB) on the y-axis and the corresponding
frequency (in GHz) on the x-axis and shows simulated
S-parameters of the present invention. As can be seen
in FIG. 9, the return loss is better than 15 dB within a
relative bandwidth of around 15% and better than 10 dB
within a relative bandwidth of around 20%.
[0048] Furthermore, FIG. 10 shows a simulated phase
difference between the first and second output transmis-
sion lines 116 and 118 of the PCB 106, wherein there
one can clearly see that the phase difference is very sta-
ble at 180° for the entire simulated frequency range. The
phase jump shown in the figure can be ignored, as this
is caused in by phase wrapping in the simulation pro-
gram. Therefore the waveguide transition has at the
same time the functionality of a balun.

Claims

1. A system comprising:

a waveguide (100) having a body with a first end
(102) having an opening (104), and
a printed circuit board, PCB, (106) having a bot-
tom side (106b) and an opposed top side (106a),
wherein the PCB (106) comprises a ground layer
(108), a dielectric material layer (110) and a sig-
nal layer (112) arranged in a layer stack from
the bottom side (106b) to the top side (106a) of
the PCB (106), wherein the dielectric material
layer (110) is arranged between the ground layer
(108) and the signal layer (112), wherein the sig-
nal layer (112) comprises a coupling pad (114)
and a first and a second output transmission line
(116, 118) both connected to the coupling pad
(114);
wherein the PCB further comprises a non-con-
ducting slot (120) in the ground layer (108);
wherein the PCB further comprises an electric
wall galvanically connecting the coupling pad
(114) through the dielectric material layer (110)
to the ground layer (108);
wherein the first end (102) of the waveguide

(100) is arranged on the bottom side (106b) of
the PCB (106) and is galvanically connected
with the ground layer(108);
wherein the opening (104), the non-conducting
slot (120) and the coupling pad (114) are aligned
such that in a stacking direction of the layer stack
the opening (104), the non-conducting slot (120)
and the coupling pad (114) at least partially over-
lap;
wherein each of the layers of the PCB (106) is
provided with a through-hole configured for ac-
cepting a screw (202) for screwing the PCB
(106) to the waveguide (100) and the through-
holes of each layer are aligned such that in the
stacking direction the through-holes coincide,
thereby forming a hole extending from the top
side (106a) of the PCB (106) to the bottom side
(106b) of the PCB (106), wherein the hole ex-
tending from the top side (106a) of the PCB (106)
to the bottom side (106b) of the PCB (106) does
not overlap with the opening (104) in the
waveguide (100), the non-conducting slot (120)
and the coupling pad (114);
wherein the through-holes are metalized and
form a part of the electric wall;
wherein the through hole of the signal layer
(112), and therefore the hole extending from the
top side (106a) of the PCB (106) to the bottom
side (106b) of the PCB (106), is arranged in
close proximity to the coupling pad (114), so that
a distance between a center axis of the through
hole of the signal layer (112) to the symmetry
point of the waveguide opening (104) is between
60% to 300% of a width of the opening (104) of
the waveguide (100), preferably between 100%
to 250% of the width of the opening (104) of the
waveguide (100);
wherein the system further comprises a stepped
impedance transformer attached to the first end
(102) of the waveguide (100) between the first
end (102) of the waveguide (100) and the bottom
side (106b) of the PCB (106).

2. The system according to claim 1, wherein
the electric wall (122) is arranged on and contacts
at least one edge portion (124) of the coupling pad
(114).

3. The system according to any of the preceding claims,
wherein
the coupling pad (114) together with the first and
second output transmission lines (116, 118) is point
symmetric with respect to a symmetry point of the
coupling pad (114).

4. The system according to claim 1 or 2, wherein
the coupling pad (114) together with the first and
second output transmission lines (116, 118) is mirror
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symmetric with respect to an axis extending through
a symmetry point of the coupling pad (114) perpen-
dicular to a main extension direction of the coupling
pad (114), wherein the main extension direction of
the coupling pad (114) is the direction in which the
coupling pad (114) has its largest extension.

5. The system according to any of the preceding claims,
wherein the electric wall is formed at least by a plu-
rality of conducting vias (602) extending at least be-
tween the signal layer (112) and the ground layer
(108) through the dielectric material layer (110).

6. The system according to any of the preceding claims,
wherein the electric wall includes a first and a second
electric wall portion (122a, 122b), which are sepa-
rated, thereby forming at least two openings (502,
504) through which the first and second output trans-
mission lines (116, 118) extend.

7. The system according to any of claims 1 -6,
wherein the PCB further comprises a first impedance
matching portion (115a) and a second impedance
portion (115b) in the signal layer(112);
wherein the first output transmission line (116) is
connected to the coupling pad (114) by the first im-
pedance matching portion (115a); and
wherein the second output transmission line (118)
is connected to the coupling pad (114) by the second
impedance matching portion(115b).

8. The system according to any of the preceding claims,
wherein the layer stack further comprises a further
dielectric material layer (110’) and a further ground
layer(108’);
wherein the further dielectric material layer (110’) is
arranged above the signal layer (112); and
wherein the further ground layer (108’) is arranged
above the further dielectric layer (110).

9. The system according to claim 8,
wherein the electric wall (122) further galvanically
connects the further ground layer (108) to the cou-
pling pad (114) and the ground layer (108).

10. A printed circuit board, PCB, (106) having a bottom
side (106b) and a opposed top side (106a), wherein
the PCB (106) comprises a ground layer (108), a
dielectric material layer (110) and a signal layer (112)
arranged in a layer stack from the bottom side (106b)
to the top side (106a) of the PCB (106), wherein the
dielectric material layer (110) is arranged between
the ground layer (108) and the signal layer (112),
wherein the signal layer (112) comprises a coupling
pad (114) and a first and a second output transmis-
sion line (116, 118) both connected to the coupling
pad (114);
further comprising a non-conducting slot (120) in the

ground layer (108);
further comprising a electric wall (122) galvanically
connecting the coupling pad (114) through the die-
lectric material layer (110) to the ground layer (108);
wherein the non-conducting slot (120) and the cou-
pling pad (114) are aligned such that in a stacking
direction of the layer stack the non-conducting slot
(120) and the coupling pad (114) at least partially
overlap;
wherein each of the layers of the PCB (106) is pro-
vided with a through-hole configured for accepting a
screw (202) for screwing the PCB (106) to a
waveguide (100) and the through-holes of each layer
are aligned such that in the stacking direction the
through-holes coincide, thereby forming a hole ex-
tending from the top side (106a) of the PCB (106) to
the bottom side (106b) of the PCB (106), wherein
the hole extending from the top side (106a) of the
PCB (106) to the bottom side (106b) of the PCB (106)
does not overlap with the opening (104) in the
waveguide (100), the non-conducting slot (120) and
the coupling pad (114);
wherein the through-holes are metalized and form a
part of the electric wall;
wherein the through hole of the signal layer (112),
and therefore the hole extending from the top side
(106a) of the PCB (106) to the bottom side (106b)
of the PCB (106), is arranged in close proximity to
the coupling pad (114), so that a distance between
a center axis of the through hole of the signal layer
(112) to the symmetry point of the waveguide open-
ing (104) is between 60% to 300% of a width of the
opening (104) of the waveguide (100), preferably be-
tween 100% to 250% of the width of the opening
(104) of the waveguide (100);
wherein the PCb further comprises a stepped im-
pedance transformer, on which the bottom side
(106b) of the PCB (106) is attached.

Patentansprüche

1. System, das Folgendes umfasst:

einen Lichtwellenleiter (100), der einen Körper
mit einem ersten Ende (102) aufweist, das eine
Öffnung (104) aufweist, und
eine Leiterplatte, PCB, (106), die eine Untersei-
te (106b) und eine gegenüberliegende Obersei-
te (106a) aufweist, wobei die PCB (106) eine
Grundschicht (108), eine dielektrische Material-
schicht (110) und eine Signalschicht (112), die
in einem Schichtstapel von der Unterseite
(106b) zur Oberseite (106a) der Leiterplatte
(106) angeordnet sind, umfasst, wobei die die-
lektrische Materialschicht (110) zwischen der
Grundschicht (108) und der Signalschicht (112)
angeordnet ist, wobei die Signalschicht (112)
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ein Koppelkissen (114) und eine erste und eine
zweite Ausgangsübertragungsleitung (116,
118) umfasst, die beide mit dem Koppelkissen
(114) verbunden sind;
wobei die PCB ferner einen nicht leitenden
Schlitz (120) in der Grundschicht (108) umfasst;
wobei die PCB ferner eine elektrische Wand um-
fasst, die das Koppelkissen (114) durch die di-
elektrische Materialschicht (110) galvanisch mit
der Grundschicht (108) verbindet;
wobei das erste Ende (102) des Lichtwellenlei-
ters (100) an der Unterseite (106b) der PCB
(106) angeordnet und mit der Grundschicht
(108) galvanisch verbunden ist;
wobei die Öffnung (104), der nicht leitende
Schlitz (120) und das Koppelkissen (114) derart
ausgerichtet sind, dass sich die Öffnung (104),
der nicht leitende Schlitz (120) und das Koppel-
kissen (114) in einer Stapelrichtung des Schicht-
stapels mindestens teilweise überlappen;
wobei jede der Schichten der PCB (106) mit ei-
nem Durchgangsloch versehen ist, das zum
Aufnehmen einer Schraube (202) zum Schrau-
ben der PCB (106) an den Lichtwellenleiter
(100) ausgelegt ist, und die Durchgangslöcher
jeder Schicht derart ausgerichtet sind, dass die
Durchgangslöcher in der Stapelrichtung zusam-
menfallen, wodurch sie ein Loch bilden, das sich
von der Oberseite (106a) der PCB (106) zur Un-
terseite (106b) der PCB (106) erstreckt, wobei
sich das Loch, das sich von der Oberseite (106a)
der PCB (106) zur Unterseite (106b) der PCB
(106) erstreckt, mit der Öffnung (104) im Licht-
wellenleiter (100), im nicht leitenden Schlitz
(120) und im Koppelkissen (114) nicht über-
lappt;
wobei die Durchgangslöcher metallisiert sind
und einen Teil der elektrischen Wand bilden;
wobei das Durchgangsloch der Signalschicht
(112) und daher das Loch, das sich von der
Oberseite (106a) der PCB (106) zur Unterseite
(106b) der PCB (106) erstreckt, in großer Nähe
zum Koppelkissen (114) angeordnet ist, derart,
dass ein Abstand zwischen einer Mittelachse
des Durchgangslochs der Signalschicht (112)
zum Symmetriepunkt der Lichtwellenleiteröff-
nung (104) zwischen 60 % und 300 % einer Brei-
te der Öffnung (104) des Lichtwellenleiters (100)
beträgt, vorzugsweise zwischen 100 % und 250
% der Breite der Öffnung (104) des Lichtwellen-
leiters (100);
wobei das System ferner einen gestuften Impe-
danztransformator umfasst, der zwischen dem
ersten Ende (102) des Lichtwellenleiters (100)
zwischen dem ersten Ende (102) des Lichtwel-
lenleiters (100) und der Unterseite (106b) der
PCB (106) befestigt ist.

2. System nach Anspruch 1, wobei
die elektrische Wand (122) auf mindestens einem
Kantenabschnitt (124) des Koppelkissens (114) an-
geordnet ist und denselben berührt.

3. System nach einem der vorhergehenden Ansprü-
che, wobei
das Koppelkissen (114) zusammen mit der ersten
und der zweiten Ausgangsübertragungsleitung
(116, 118) mit Bezug auf einen Symmetriepunkt des
Koppelkissens (114) punktsymmetrisch ist.

4. System nach Anspruch 1 oder 2, wobei
das Koppelkissen (114) zusammen mit der ersten
und der zweiten Ausgangsübertragungsleitung
(116, 118) mit Bezug auf eine Achse, die sich durch
einen Symmetriepunkt des Koppelkissens (114)
senkrecht zu einer Haupterstreckungsrichtung des
Koppelkissens (114) erstreckt, spiegelsymmetrisch
ist, wobei die Haupterstreckungsrichtung des Kop-
pelkissens (114) die Richtung ist, in der das Koppel-
kissen (114) seine größte Erstreckung aufweist.

5. System nach einem der vorhergehenden Ansprü-
che,
wobei die elektrische Wand mindestens von einer
Vielzahl von leitenden Durchkontaktierungen (602)
gebildet wird, die sich mindestens zwischen der Si-
gnalschicht (112) und der Grundschicht (108) durch
die dielektrische Materialschicht (110) erstrecken.

6. System nach einem der vorhergehenden Ansprü-
che,
wobei die elektrische Wand einen ersten und einen
zweiten elektrischen Wandabschnitt (122a, 122b),
die getrennt sind, umfasst, wodurch mindestens
zwei Öffnungen (502, 504) gebildet werden, durch
die sich die erste und die zweite Ausgangsübertra-
gungsleitung (116, 118) erstrecken.

7. System nach einem der Ansprüche 1-6,
wobei die PCB ferner in der Signalschicht (112) ei-
nen ersten Impedanzanpassungsabschnitt (115a)
und einen zweiten Impedanzabschnitt (115b) um-
fasst;
wobei die erste Ausgangsübertragungsleitung (116)
durch den ersten Impedanzanpassungsabschnitt
(115a) mit dem Koppelkissen (114) verbunden ist
und
wobei die zweite Ausgangsübertragungsleitung
(118) durch den zweiten Impedanzanpassungsab-
schnitt (115b) mit dem Koppelkissen (114) verbun-
den ist.

8. System nach einem der vorhergehenden Ansprü-
che, wobei der Schichtstapel ferner eine weitere di-
elektrische Materialschicht (110’) und eine weitere
Grundschicht (108’) umfasst;
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wobei die weitere dielektrische Materialschicht
(110’) über der Signalschicht (112) angeordnet ist
und
wobei die weitere Grundschicht (108’) über der wei-
teren dielektrischen Schicht (110) angeordnet ist.

9. System nach Anspruch 8,
wobei die elektrische Wand (122) ferner die weitere
Grundschicht (108) galvanisch mit dem Koppelkis-
sen (114) und der Grundschicht (108) verbindet.

10. Leiterplatte, PCB, (106), die eine Unterseite (106b)
und eine gegenüberliegende Oberseite (106a) auf-
weist, wobei die PCB (106) eine Grundschicht (108),
eine dielektrische Materialschicht (110) und eine Si-
gnalschicht (112), die in einem Schichtstapel von der
Unterseite (106b) zur Oberseite (106a) der Leiter-
platte (106) angeordnet sind, umfasst, wobei die di-
elektrische Materialschicht (110) zwischen der
Grundschicht (108) und der Signalschicht (112) an-
geordnet ist, wobei die Signalschicht (112) ein Kop-
pelkissen (114) und eine erste und eine zweite Aus-
gangsübertragungsleitung (116, 118) umfasst, die
beide mit dem Koppelkissen (114) verbunden sind;
die ferner einen nicht leitenden Schlitz (120) in der
Grundschicht (108) umfasst;
die ferner eine elektrische Wand (122) umfasst, die
das Koppelkissen (114) durch die dielektrische Ma-
terialschicht (110) galvanisch mit der Grundschicht
(108) verbindet; wobei der nicht leitende Schlitz
(120) und das Koppelkissen (114) derart ausgerich-
tet sind, dass sich der nicht leitende Schlitz (120)
und das Koppelkissen (114) in einer Stapelrichtung
des Schichtstapels mindestens teilweise überlap-
pen;
wobei jede der Schichten der PCB (106) mit einem
Durchgangsloch versehen ist, das zum Aufnehmen
einer Schraube (202) zum Schrauben der PCB (106)
an einen Lichtwellenleiter (100) ausgelegt ist, und
die Durchgangslöcher jeder Schicht derart ausge-
richtet sind, dass die Durchgangslöcher in der Sta-
pelrichtung zusammenfallen, wodurch sie ein Loch
bilden, das sich von der Oberseite (106a) der PCB
(106) zur Unterseite (106b) der PCB (106) erstreckt,
wobei sich das Loch, das sich von der Oberseite
(106a) der PCB (106) zur Unterseite (106b) der PCB
(106) erstreckt, mit der Öffnung (104) im Lichtwel-
lenleiter (100), im nicht leitenden Schlitz (120) und
im Koppelkissen (114) nicht überlappt;
wobei die Durchgangslöcher metallisiert sind und ei-
nen Teil der elektrischen Wand bilden;
wobei das Durchgangsloch der Signalschicht (112)
und daher das Loch, das sich von der Oberseite
(106a) der PCB (106) zur Unterseite (106b) der PCB
(106) erstreckt, in großer Nähe zum Koppelkissen
(114) angeordnet ist, derart, dass ein Abstand zwi-
schen einer Mittelachse des Durchgangslochs der
Signalschicht (112) zum Symmetriepunkt der Licht-

wellenleiteröffnung (104) zwischen 60 % und 300 %
einer Breite der Öffnung (104) des Lichtwellenleiters
(100) beträgt, vorzugsweise zwischen 100 % und
250 % der Breite der Öffnung (104) des Lichtwellen-
leiters (100);
wobei die PCB ferner einen gestuften Impedanz-
transformator umfasst, an dem die Unterseite (106b)
der PCB (106) befestigt ist.

Revendications

1. Système comprenant :

un guide d’ondes (100) ayant un corps avec une
première extrémité (102) ayant une ouverture
(104), et
une carte de circuit imprimé, PCB, (106) ayant
un côté inférieur (106b) et un côté supérieur op-
posé (106a), la PCB (106) comprenant une cou-
che de masse (108), une couche de matériau
diélectrique (110) et une couche de signal (112)
agencées en une pile de couches allant du côté
inférieur (106b) au côté supérieur (106a) de la
PCB (106), la couche de matériau diélectrique
(110) étant agencée entre la couche de masse
(108) et la couche de signal (112), la couche de
signal (112) comprenant un plot de couplage
(114) et une première et une deuxième ligne de
transmission de sortie (116, 118) toutes deux
connectées au plot de couplage (114) ;
la PCB comprenant en outre une fente non con-
ductrice (120) dans la couche de masse (108) ;
la PCB comprenant en outre une paroi électri-
que connectant de façon galvanique le plot de
couplage (114), à travers la couche de matériau
diélectrique (110), à la couche de masse (108) ;
la première extrémité (102) du guide d’ondes
(100) étant agencée sur le côté inférieur (106b)
de la PCB (106) et étant connectée de façon
galvanique à la couche de masse (108) ;
l’ouverture (104), la fente non conductrice (120)
et le plot de couplage (114) étant alignés de telle
sorte que dans une direction d’empilement de
la pile de couches, l’ouverture (104), la fente non
conductrice (120) et le plot de couplage (114)
se chevauchent au moins partiellement ;
chacune des couches de la PCB (106) étant
pourvue d’un trou traversant configuré pour re-
cevoir une vis (202) pour visser la PCB (106) au
guide d’ondes (100) et les trous traversants de
chaque couche étant alignés de telle sorte que
dans la direction d’empilement, les trous traver-
sants coïncident, formant ainsi un trou s’éten-
dant du côté supérieur (106a) de la PCB (106)
au côté inférieur (106b) de la PCB (106), le trou
s’étendant du côté supérieur (106a) de la PCB
(106) au côté inférieur (106b) de la PCB (106)
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ne chevauchant pas l’ouverture (104) dans le
guide d’ondes (100), la fente non conductrice
(120) et le plot de couplage (114) ;
les trous traversants étant métallisés et formant
une partie de la paroi électrique ;
le trou traversant de la couche de signal (112),
et donc le trou s’étendant du côté supérieur
(106a) de la PCB (106) au côté inférieur (106b)
de la PCB (106), étant agencé à proximité im-
médiate du plot de couplage (114), de sorte
qu’une distance entre un axe central du trou tra-
versant de la couche de signal (112) et le point
de symétrie de l’ouverture du guide d’ondes
(104) est comprise entre 60 % et 300 % d’une
largeur de l’ouverture (104) du guide d’ondes
(100), de préférence entre 100 % et 250 % de
la largeur de l’ouverture (104) du guide d’ondes
(100) ;
le système comprenant en outre un transforma-
teur d’impédance échelonnée fixé à la première
extrémité (102) du guide d’ondes (100) entre la
première extrémité (102) du guide d’ondes (100)
et le côté inférieur (106b) de la PCB (106).

2. Système selon la revendication 1,
la paroi électrique (122) étant agencée sur et entrant
en contact avec au moins une partie de bord (124)
du plot de couplage (114).

3. Système selon l’une quelconque des revendications
précédentes,
le plot de couplage (114) ainsi que les première et
deuxième lignes de transmission de sortie (116, 118)
étant symétriques en un point par rapport à un point
de symétrie du plot de couplage (114).

4. Système selon la revendication 1 ou 2,
le plot de couplage (114) ainsi que les première et
deuxième lignes de transmission de sortie (116, 118)
étant symétriques en miroir par rapport à un axe pas-
sant par un point de symétrie du plot de couplage
(114) perpendiculairement à une direction d’exten-
sion principale du plot de couplage (114), la direction
d’extension principale du plot de couplage (114)
étant la direction dans laquelle le plot de couplage
(114) a sa plus grande extension.

5. Système selon l’une quelconque des revendications
précédentes,
la paroi électrique étant formée au moins par une
pluralité de trous d’interconnexion conducteurs
(602) s’étendant au moins entre la couche de signal
(112) et la couche de masse (108) à travers la cou-
che de matériau diélectrique (110).

6. Système selon l’une quelconque des revendications
précédentes,
la paroi électrique comprenant une première et une

deuxième partie de paroi électrique (122a, 122b),
qui sont séparées, formant ainsi au moins deux
ouvertures (502, 504) à travers lesquelles s’étendent
les première et deuxième lignes de transmission de
sortie (116, 118).

7. Système selon l’une quelconque des revendications
1 à 6,
la PCB comprenant en outre une première partie
d’adaptation d’impédance (115a) et une deuxième
partie d’impédance (115b) dans la couche de signal
(112) ;
la première ligne de transmission de sortie (116)
étant connectée au plot de couplage (114) par la
première partie d’adaptation d’impédance (115a) ; et
la deuxième ligne de transmission de sortie (118)
étant connectée au plot de couplage (114) par la
deuxième partie d’adaptation d’impédance (115b).

8. Système selon l’une quelconque des revendications
précédentes, la pile de couches comprenant en
outre une couche de matériau diélectrique supplé-
mentaire (110’) et une couche de masse supplémen-
taire (108’) ;
la couche de matériau diélectrique supplémentaire
(110’) étant agencée au-dessus de
la couche de signal (112) ; et
la couche de masse supplémentaire (108’) étant
agencée au-dessus de la couche diélectrique sup-
plémentaire (110).

9. Système selon la revendication 8,
la paroi électrique (122) connectant en outre de fa-
çon galvanique la couche de masse supplémentaire
(108) au plot de couplage (114) et à la couche de
masse (108).

10. Carte de circuit imprimé, PCB, (106) ayant un côté
inférieur (106b) et un côté supérieur opposé (106a),
la PCB (106) comprenant une couche de masse
(108), une couche de matériau diélectrique (110) et
une couche de signal (112) agencées en une pile de
couches allant du côté inférieur (106b) au côté su-
périeur (106a) de la PCB (106), la couche de maté-
riau diélectrique (110) étant agencée entre la couche
de masse (108) et la couche de signal (112), la cou-
che de signal (112) comprenant un plot de couplage
(114) et une première et une deuxième ligne de
transmission de sortie (116, 118) toutes deux con-
nectées au plot de couplage (114) ;
comprenant en outre une fente non conductrice
(120) dans la couche de masse (108) ; comprenant
en outre une paroi électrique (122) connectant de
façon galvanique le plot de couplage (114) à travers
la couche de matériau diélectrique (110) à la couche
de masse (108) ;
la fente non conductrice (120) et le plot de couplage
(114) étant alignés de telle sorte que dans une di-
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rection d’empilement de la pile de couches, la fente
non conductrice (120) et le plot de couplage (114)
se chevauchent au moins partiellement ; chacune
des couches de la PCB (106) étant pourvue d’un
trou traversant configuré pour recevoir une vis (202)
pour visser la PCB (106) à un guide d’ondes (100)
et les trous traversants de chaque couche étant ali-
gnés de telle sorte que dans la direction d’empile-
ment, les trous traversants coïncident, formant ainsi
un trou s’étendant du côté supérieur (106a) de la
PCB (106) au côté inférieur (106b) de la PCB (106),
le trou s’étendant du côté supérieur (106a) de la PCB
(106) au côté inférieur (106b) de la PCB (106) ne
chevauchant pas l’ouverture (104) dans le guide
d’ondes (100), la fente non conductrice (120) et le
plot de couplage (114) ;
les trous traversants étant métallisés et formant une
partie de la paroi électrique ;
le trou traversant de la couche de signal (112), et
donc le trou s’étendant du côté supérieur (106a) de
la PCB (106) au côté inférieur (106b) de la PCB
(106), étant agencé à proximité immédiate du plot
de couplage (114), de sorte qu’une distance entre
un axe central du trou traversant de la couche de
signal (112) et le point de symétrie de l’ouverture de
guide d’ondes (104) est comprise entre 60 % et 300
% d’une largeur de l’ouverture (104) du guide d’on-
des (100), de préférence entre 100 % et 250 % de
la largeur de l’ouverture (104) du guide d’ondes
(100) ;
la PCB comprenant en outre un transformateur à
impédance échelonnée, sur lequel le côté inférieur
(106b) de la PCB (106) est fixé.
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