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Description

Technical Field

[0001] The presentinvention relates generally to radio
technology and specifically, to directional coupler ar-

rangements between waveguides.

BACKGROUND OF THE INVENTION

[0002] Directional couplers (DCs) are passive devices
used in the field of radio technology. They couple a de-
fined amount of the electromagnetic power in a transmis-
sion line to another port where it can be used in another
circuit. A feature of directional couplers is that they only
couple power flowing in one direction. Power entering
the output port is not coupled. Directional couplers are
most frequently constructed from two coupled transmis-
sion lines set close enough together such that energy
passing through one is coupled to the other. This tech-
nique is favoured due to the microwave frequencies the
devices are commonly employed with. The two transmis-
sion lines are coupled together by a gap. When applying
directional couplers together with air waveguides in radio
transmission devices, manufacturing tolerances limit the
performance of the transition between the electrical in-
terface and the air interface. In particular, manufacturing
tolerances have a negative influence on operational
bandwidth, directivity, and impedance matching of the
directional coupler.

[0003] Document WO 2011/109939 A1 discloses a
microstrip coupler for coupling an RF wave into a
waveguide. The microstrip coupler comprises a conduc-
tive microstrip line having a broadened end portion, a
non-conductive slot following the broadened end portion
is arranged to form an antenna for irradiating the RF
wave.

[0004] Document US 2976499 discloses an electrical
wave transmission systems and more particularly to im-
proved electromagnetic wave energy couplers providing
a directional coupling characteristic between hollow
waveguides and strip transmission lines.

[0005] The Document "A transition from substrate in-
tegrated waveguide (SIW) to rectangular waveguide"
(LINLIETAL :MICROWAVE CONFERENCE, 2009, AP-
MC 2009. ASIA PACIFIC, IEEE, PISCATAWAY, NJ,
USA, 7 December 2009, page 2605-2608) discloses a
transition structure from Substrate Integrated Waveguide
(SIW) to Rectangular waveguide (RWG).

[0006] Document"E-plane directional couplers in sub-
strate integrated waveguide technology" (LABAY VAET
AL: MICROWAVE CONFERENCE, 2008, APMC 2008.
ASIA PACIFIC, IEEE, PISCATAWAY, NJ, USA, 16 De-
cember 2008) discloses all-dielectric rectangular
waveguide interface ports that considerably reduce the
reflections at the transition to the SIW component.
[0007] Document EP 1732 159 A1 discloses a high-
frequency circuit module, which comprise a cavity
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waveguide, a waveguide substrate on which the cavity
waveguide is mounted and in which a waveguide (post
wallwaveguide) for a high-frequency signal to be coupled
to the cavity waveguide is formed.

SUMMARY OF THE INVENTION

[0008] The invention provides for an interface to an air
waveguide with a directional coupler which interface is
robust against manufacturing tolerances.

[0009] This is achieved by the features of the inde-
pendent claims. Further implementation forms are ap-
parent from the dependent claims, the description and
the figures.

[0010] The invention is based on the finding of the in-
ventors that a dielectric waveguide may be used as a
robustinterface to an airwaveguide when energy is trans-
mitted by a slot in the dielectric waveguide and both
waveguides are coupled by the slot. As electromagnetic
energy leaves the dielectric waveguide through the slot,
the slot concentrates and directs the electromagnetic en-
ergy to the air waveguide. As only a negligible amount
of energy is lost when coupling the dielectric waveguide
to the air waveguide by the slot, insertion loss, directivity
and operational bandwidth are improved. A directional
coupler arrangement based on that coupling becomes
robust against manufacturing tolerances as such toler-
ances do not influence the amount of energy to be cou-
pled between the dielectric waveguide and the air
waveguide.

[0011] In order to describe the invention in detail, the
following terms, abbreviations and notations will be used:

DC: directional coupler;

Port 1: first port of a directional coupler, e.g. the input
port where the power is applied;

Port 2: second port of a directional coupler, e.g. the
output port or the transmitted port where the power
from "Port 1" is output;

Port 3: third port of a directional coupler, e.g. the
coupled port where a portion of the power applied to
"Port 1" appears;

Port 4: fourth port of a directional coupler, e.g. the
isolated port where a portion of the power applied to
"Port 2" is coupled to. The isolated port is usually
terminated with a matched load;

PCB: printed circuit board;

DCB substrate: direct copper bonded substrate;

DPC substrate: direct copper plated substrate;

CPC substrate: copper plated ceramic substrate.
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[0012] According to a first aspect, the invention relates
to a directional coupler arrangement, comprising inter
alia: an air waveguide; and a dielectric waveguide having
a first coupling slot; wherein the air waveguide and the
dielectricwaveguide are coupled by the first coupling slot;
the dielectricwaveguide comprises a further coupling slot
named a third coupling slot, the third coupling slot being
arranged inside the air waveguide. The dielectric
waveguide comprises a coupled port coupled to the cou-
pling slot, the coupled port being connectable to a micro-
strip line; and the dielectric waveguide further comprises
an isolated port coupled to the third coupling slot, the
isolated port being connectable to a microstrip line.
[0013] By coupling the dielectric waveguide to the air
waveguide by a slot, the directional coupler arrangement
exhibits lower insertion loss than a directional coupler
coupling two transmission lines by a gap.

[0014] By coupling the dielectric waveguide to the air
waveguide by a slot, the directional coupler arrangement
requires less space on a printed circuit board (PCB) com-
pared to an arrangement where a gap between two trans-
mission lines has to be arranged on the PCB.

[0015] In a first possible implementation form of the
directional coupler arrangement according to the first as-
pect, the first coupling slot of the dielectric waveguide is
arranged inside the air waveguide. The coupler is there-
fore inside the waveguide transition.

[0016] By placing the first coupling slot of the dielectric
waveguide inside the air waveguide, the directional cou-
pler arrangement is insensitive to manufacturing toler-
ances of a mounting process for mounting the dielectric
waveguide together with the air waveguide. The exact
position of the slot inside the air waveguide is insensitive
to manufacturing tolerances. By placing the first coupling
slot of the dielectric waveguide inside the air waveguide,
the directional coupler arrangement is space-efficiently
constructed compared to placing a coupler externally.
[0017] Inasecond possibleimplementation form ofthe
directional coupler arrangement according to the first as-
pect as such oraccording to the firstimplementation form
of the first aspect, the dielectric waveguide comprises a
dielectric material covered by a metallization, an opening
in the metallization forming the first coupling slot.
[0018] The dielectric waveguide may be manufactured
from a printed circuit board having a body comprising a
dielectric material and a metallization covering the body.
When the metallizationis removed at a specified position,
an opening in the metallization forms the slot at that po-
sition. By removing the metallization from the body in a
patterned manner, microstrip lines can be formed on the
printed circuit board. Thus, the printed circuit board can
be used as an interface from a microstrip line to a die-
lectric waveguide. A production method for producing the
interface from a microstrip line to a dielectric waveguide
may be simply performed by the steps of providinga PCB
as a dielectric body covered by a metallization layer and
patterning the metallization layer to form the microstrip
line and the dielectric waveguide.
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[0019] In a third possible implementation form of the
directional coupler arrangement according to the second
implementation form of the first aspect, the opening in
the metallization of the dielectric waveguide extends to
the dielectric material.

[0020] When the opening in the metallization of the di-
electric waveguide extends to the dielectric material,
electromagnetic energy leaving the dielectric waveguide
is more concentrated on that opening and is emitted in
the direction of the opening, substantially away from the
dielectric waveguide. Thus, losses of electromagnetic
energy can be minimized and the directivity of coupling
is improved.

[0021] In a fourth possible implementation form of the
directional coupler arrangement according to the first as-
pect as such or according to any of the preceding imple-
mentation forms of the first aspect, the dielectric
waveguide may be formed generally planar as a plate
having a main surface.

[0022] When the dielectric waveguide is formed as a
plate having a main surface, the production is simplified,
as a standard printed circuit board may be used as the
dielectric waveguide. For smaller dimensions the plate
may be the substrate layer of a chip being covered by a
metallization layer, e.g. a direct copper bonded (DCB)
substrate, a direct copper plated (DPC) substrate or a
copper plated ceramic (CPC) substrate. The plate may
be made of a dielectric material such as, e.g., Al203 (alu-
minum oxide), AIN (aluminum nitride) or BeO (beryllium
oxide). The metallization may be made of silver (Ag),
silver palladium (AgPd), silver platinum (AgPt), gold (Au),
palladium gold (PdAu) or platinum gold (PtAu). The met-
allization may be printed on the dielectric plate or the
metallization may be a paste burned on the dielectric
plate. Other metallization forms are possible.

[0023] In a fifth possible implementation form of the
directional coupler arrangement according to the fourth
implementation form of the first aspect, a main direction
of the air waveguide is substantially perpendicular to the
main surface of the plate.

[0024] Electromagnetic energy leaves the dielectric
waveguide through the slot and is emitted substantially
perpendicular to a main surface of the plate in which the
slot is formed. When the air waveguide is aligned to that
emitting direction, energy losses are minimized and di-
rectivity of the directional coupler arrangement is im-
proved.

[0025] In a sixth possible implementation form of the
directional coupler arrangement according to the fourth
or the sixth implementation form of the first aspect, the
first coupling slot is formed in the main surface of the
plate.

[0026] Electromagnetic energy leaving the dielectric
waveguide is concentrated on the position of the slot in
the main surface of the plate. Thus, losses are minimized
and directivity of the directional coupler arrangement is
improved.

[0027] In a seventh possible implementation form of
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the directional coupler arrangement according to the first
aspect as such or according to any of the preceding im-
plementation forms of the first aspect, the coupling slot
is formed as one of the following geometrical figures: a
rectangle, a circle, a cross, a larger circle beneath a
smaller circle, a larger cross beneath a smaller cross.
[0028] When both, the coupling slot and the air
waveguide are rectangular formed, electromagnetic
waves leaving the coupling slot and entering the air
waveguide experience a low transition resistance and
thus coupling losses are minimized. A rectangle, a circle
and a cross are symmetrical figures facilitating the tran-
sition of energy from the dielectric waveguide to the air
waveguide.

[0029] In an eighth possible implementation form of
the directional coupler arrangement according to the first
aspect as such or according to any of the preceding im-
plementationforms of the first aspect, the directional cou-
pler arrangement further comprises a second dielectric
waveguide having a second coupling slot; wherein the
air waveguide and the second dielectric waveguide are
coupled by the second coupling slot.

[0030] The second dielectric waveguide may be used
for implementing an input port of the directional coupler
arrangement, i.e. Port 1, where the power is applied. The
output port, i.e. Port 2 where the power from Port 1 is
output, isimplemented by the air waveguide and the cou-
pled port of the directional coupler arrangement, i.e. Port
3 where a portion of the power applied to Port 1 appears,
may be realized by the (first) dielectric waveguide.
[0031] In a ninth possible implementation form of the
directional coupler arrangement according to the eighth
implementation form of the first aspect, the second die-
lectric waveguide is formed as a second plate having a
main surface.

[0032] When the second dielectric waveguide is
formed as a second plate having a main surface, the
production is simplfied, as a usual printed circuit board
may be used as the dielectric waveguide. A single PCB
may be used forimplementing both, the second dielectric
waveguide and the (first) dielectric waveguide.

[0033] For smaller dimensions the second plate may
be the substrate layer of a chip being covered by a met-
allization layer as described above. The directional cou-
pler arrangement may be implemented in a single chip
including second dielectric waveguide and (first) dielec-
tric waveguide.

[0034] In a tenth possible implementation form of the
directional coupler arrangement according to the ninth
implementation form of the first aspect, the main surface
of the second plate is arranged substantially parallel to
the main surface of the plate.

[0035] When both main surfaces are parallel, both
plates may be formed from a single plate which facilitates
manufacturing and reduces manufacturing tolerances.
When both main surfaces are parallel, the coupling di-
rection of the coupling slot coincides with the coupling
direction of the second coupling slot improving the direc-
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tivity and thus reducing energy losses of the directional
coupler arrangement.

[0036] In an eleventh possible implementation form of
the directional coupler arrangement according to any of
the eighth to the tenth implementation forms of the first
aspect, the second coupling slot of the second dielectric
waveguide is arranged inside the air waveguide.

[0037] By placing the second coupling slot of the sec-
ond dielectric waveguide inside the air waveguide, the
directional coupler arrangement is insensitive to manu-
facturing tolerances of a mounting process for mounting
the second dielectric waveguide together with the air
waveguide and the (first) dielectric waveguide. The exact
position of the slot inside the second air waveguide is
insensitive to manufacturing tolerances. By placing the
second coupling slot of the second dielectric waveguide
inside the air waveguide, the directional coupler arrange-
ment is space-efficiently constructed.

[0038] In atwelfth possible implementation form of the
directional coupler arrangement according to any of the
eighth to the eleventh implementation forms of the first
aspect, a size of the second coupling slot is larger than
a size of the coupling slot. "Size" as used herein refers
to at least one dimension of the slot.

[0039] The second dielectric waveguide may be used
for implementing an input port of the directional coupler
arrangement, i.e. Port 1, where the power is applied. The
output port, i.e. Port 2 where the power from Port 1 is
output, isimplemented by the air waveguide and the cou-
pled port of the directional coupler arrangement, i.e. Port
3 where a portion of the power applied to Port 1 appears,
may be realized by the (first) dielectric waveguide. When
a size of the second coupling slot, i.e. a size of Port 1, is
larger than a size of the coupling slot, i.e. a size of Port
3, the directional coupler arrangement is able to transmit
a higher amount of energy from the input port (Port 1) to
the output port (Port 2) than from the input port (Port 1)
to the coupled port (Port 3). Thus, energy losses and
directivity of the directional coupler arrangement are im-
proved.

[0040] In athirteenth possible implementation form of
the directional coupler arrangement according to any of
the eighth to the twelfth implementation forms of the first
aspect, a main direction of the second coupling slot is
arranged substantially parallel to a main direction of the
coupling slot.

[0041] When a main direction of the second coupling
slot is arranged substantially parallel to a main direction
of the coupling slot, the directivity of the directional cou-
pler arrangement is improved and thus energy losses are
minimized. The main direction of a coupling slot refers
to the longer laterally extended dimension.

[0042] In afourteenth possible implementation form of
the directional coupler arrangement according to any of
the eighth to the thirteenth implementation forms of the
first aspect, the second dielectric waveguide comprises
an input port coupled to the second coupling slot, the
input port being connectable to a microstrip line.
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[0043] The input port may be Port 1 of a directional
coupler, i.e. the port where the power is applied. When
connecting a microstrip line to the input port, the direc-
tional coupler arrangement implements directional tran-
sition of electrical energy transported by the microstrip
line to electromagnetic energy transported by the second
dielectric waveguide and further to electromagnetic en-
ergy transported by the air waveguide.

[0044] The third coupling slot of the dielectric
waveguide may be used for implementing an isolated
port of the directional coupler arrangement, i.e. Port 4
where a portion of the power applied to the output port
(Port2)is coupledto. Theisolated portmay be terminated
with a matched load. The matched load may be arranged
on the dielectric waveguide or may be formed of the di-
electric waveguide, thereby saving space.

[0045] By placing the third coupling slot of the dielectric
waveguide inside the air waveguide, the directional cou-
pler arrangement is insensitive to manufacturing toler-
ances of a mounting process for mounting the dielectric
waveguide together with the air waveguide. The exact
position of the third coupling slot inside the air waveguide
is insensitive to manufacturing tolerances. By placing the
third coupling slot of the dielectric waveguide inside the
air waveguide, the directional coupler arrangement is
space-efficiently constructed.

[0046] In a sixteenth possible implementation form of
the directional coupler arrangement according to the fif-
teenth implementation form of the first aspect, a main
direction of the third coupling slot is arranged substan-
tially parallel to a main direction of the coupling slot.
[0047] When a main direction of the third coupling slot
is arranged substantially parallel to a main direction of
the coupling slot, the directivity of the directional coupler
arrangement is improved and thus energy losses are
minimized. A matched load terminating the isolated port
may be less complex.

[0048] In a seventeenth possible implementation form
of the directional coupler arrangement according to the
fifteenth or the sixteenth implementation form of the first
aspect, a size of the third coupling slot is substantially as
large as a size of the coupling slot.

[0049] By dimensioning the size of the third coupling
slot substantially as large as the size of the coupling slot,
symmetrical properties can be exploited, thereby improv-
ing directivity and reducing losses of the directional cou-
pler arrangement. The dimensioning of the matched load
to be connected to the isolated port is easier to design
when the coupling slots are symmetrically formed and
arranged on the dielectric waveguide.

[0050] The coupled port may be Port 3 of a directional
coupler, i.e. the port where a portion of the power applied
to the input port (Port 1) appears. The isolated port may
be Port 4 of a directional coupler,i.e. Port 4 where a por-
tion of the power applied to the output port (Port 2) is
coupled to.

[0051] When connecting a microstrip line to the cou-
pled port or to the isolated port, energy transition from a
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microstrip line connected to the input port to an air
waveguide connected to the output port can be efficiently
measured. The whole directional coupler arrangement
can be arranged on a single PCB facilitating manufac-
turing and improving manufacture tolerances.

[0052] According to a second aspect, an example re-
lates to a method of coupling a first waveguide to a sec-
ond waveguide comprising: forming a coupling slot in the
first waveguide; and arranging the coupling slot of the
first waveguide inside the second waveguide.

[0053] By coupling the first waveguide to the second
waveguide by a slot, the insertion loss is reduced com-
pared to a conventional external coupling technique. The
first waveguide may be arranged inside the second
waveguide thereby saving space and avoiding energy
losses. The first and second waveguides may be air
waveguides or dielectric waveguides. A dielectric
waveguide may be placed in an air waveguide or in a
further dielectric waveguide when the slot is attached to
the dielectric waveguide. Alternatively, an air waveguide
may be placed in a dielectric waveguide or in a further
air waveguide, when the slot is attached to the air
waveguide. A directional coupler arrangement as de-
scribed above may be used for coupling a first waveguide
(the dielectric waveguide having a coupling slot) to a sec-
ond waveguide (the air waveguide), i.e., by using the
method according to the second aspect.

[0054] In a first possible implementation form of the
method according to the second aspect, the first
waveguide is a dielectric waveguide and the second
waveguide is one of an air waveguide and a dielectric
waveguide.

[0055] A dielectricwaveguide placed inside another di-
electric waveguide may be efficiently implemented by a
multi-layer PCB or by a stacked PCB. For example, a
metal coated carrier having an inner metal layer in which
a slot is formed by which slot energy from an inner layer
is transported to an outer layer.

[0056] The first waveguide may be a thin optical
waveguide, e.g. an optical fibre, and the second
waveguide a thicker optical waveguide. When a slot is
attached to the thin optical waveguide and the thin optical
waveguide is mounted inside the thicker optical
waveguide, light is transported from the first waveguide
to the second waveguide at a high degree of efficiency.
The directional coupler arrangement may be used for
directional coupling of light.

[0057] Inasecond possibleimplementation form of the
method according to the second aspect as such or ac-
cording to the first implementation form of the second
aspect, the method comprises: forming a coupled port in
the first waveguide, the coupled port being coupled to
the coupling slot and being connectable to a microstrip
line.

[0058] The coupled energy may be easily measured
when connecting a measurement device to the microstrip
line.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0059] Further illustrative embodiments of the inven-
tion will be described with respect to the following figures,
in which:

Fig. 1 shows a three-dimensional representation of
a directional coupler arrangement according to an
implementation form;

Fig. 2 shows a cross-sectional representation of the
directional coupler arrangement depicted in Fig. 1
according to an implementation form;

Fig. 3 shows a three-dimensional representation of
a directional coupler arrangement according to an
implementation form;

Fig. 4 shows a three-dimensional representation of
a directional coupler arrangement according to an
implementation form;

Fig. 5 shows a three-dimensional representation of
a second dielectric waveguide according to an im-
plementation form;

Fig. 6 shows a three-dimensional representation of
a directional coupler arrangement according to an
implementation form;

Fig. 7 shows a three-dimensional representation of
a dielectric waveguide and a second dielectric
waveguide according to an implementation form;

Fig. 8 shows a three-dimensional representation of
a dielectric waveguide and a second dielectric
waveguide according to an implementation form;

Fig. 9 shows a schematic diagram of a method for
coupling a first waveguide to a second waveguide
according to an implementation form;

Fig. 10 shows a dielectric waveguide and an air
waveguide coupleable by a method according to an
implementation form.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0060] Fig. 1 shows a three-dimensional representa-
tion of a directional coupler arrangement 100 according
to an implementation form and Fig. 2 shows a cross-
sectional representation of the directional coupler ar-
rangement 100. The directional coupler arrangement
100 comprises an air waveguide 101, a first dielectric
waveguide 103 and a second dielectric waveguide 109.
A first coupling slot 105 is formed in a main surface 201
of the first dielectric waveguide 103. A second coupling
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slot 111 is formed in a main surface 211 of the second
dielectric waveguide 109 and a third coupling slot 107 is
formed in the main surface 201 of the first dielectric
waveguide 103. The first coupling slot and third coupling
slot are spaced from each other in both in-plane direc-
tions, and arranged parallel to an extended direction of
the waveguide 103.

[0061] The air waveguide 101 has an internal cascad-
ed or staircase like structure with a first stair covering a
part of the main surface of the second dielectric
waveguide 109 including the second coupling slot 111
and a second stair covering a part of the main surface of
the first dielectric waveguide 103 including the first cou-
pling slot 105 and the third coupling slot 107. The second
stair is higher than the first stair and is open at the top
while the first stair is closed at the top. The second stair
forms the main body of the air waveguide 101 at which
open top the output port 153 of the air waveguide 101 is
located. The airwaveguide 101 is embeddedin a housing
120 which is mounted on the first dielectric waveguide
103 and on the second dielectric waveguide 109. The
housing 120 does not fully cover both waveguides 103,
109. Aninput port 151 of the second dielectric waveguide
109 and a coupled port 155 and an isolated port 157 of
the first dielectric waveguide 103 are not covered by the
housing 120. Thus, input port 151, output port 153, cou-
pled port 155 and isolated port 157 are accessible from
the outside.

[0062] The directional coupler arrangement 100 may
implement a directional coupler with a first port (Port 1)
as the input port where the power is applied, a second
port (Port 2) as the output port or the transmitted port
where the power from "Port 1" is output, a third port (Port
3) as the coupled port where a portion of the power ap-
plied to "Port 1" appears and a fourth port (Port 4) as the
isolated port where a portion of the power applied to "Port
2" is coupled to.

[0063] The second coupling slot 111 is used to couple
energy from the second dielectric waveguide 109 to the
air waveguide 101. The place of coupling is below the
first stair of the air waveguide. The first coupling slot 105
and the third coupling slot 107 are used to couple energy
from the air waveguide 101 to the first dielectric
waveguide 103. The energy, atinput port 151, is coupled
by means of slots 105 and 107 in order to arrive in phase
at coupled port 155 and to arrive 180° out of phase at
isolated port 157.

[0064] The place of coupling is below the second stair
of the air waveguide, i.e. below the main body of the air
waveguide 101. The air waveguide 101 extends along a
main direction z describing the direction in which elec-
tromagnetic waves are transported in the air waveguide
101. The main direction z of the air waveguide 101 is
substantially perpendicular to the main surface 201 of
the first dielectric waveguide 103 and to the main surface
211 of the second dielectric waveguide 109. Both first
dielectric waveguide 103 and second dielectric
waveguide 109 are arranged in a common plane. The
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first coupling slot 105 is arranged along a main direction
220 which is aligned with a main direction x of the first
dielectric waveguide 103. The second coupling slot 111
is arranged along a main direction 224 which is aligned
with a main direction x of the first dielectric waveguide
103. The third coupling slot 107 is arranged along a main
direction 222 which is aligned with a main direction x of
the first dielectric waveguide 103. First coupling slot 105,
second coupling slot 111 and third coupling slot 107 are
rectangular formed, wherein a size of the first coupling
slot 105 corresponds to a size of the third coupling slot
107 and is smaller than a size of the second coupling slot
111. In the shown embodiment, "size" refers to both x
and y dimensions. Second coupling slot extends sub-
stantially across the whole width of the second dielectric
waveguide.

[0065] The first dielectric waveguide 103 is a small
plate 200 with the main surface 201 in which the first
coupling slot 105 and the third coupling slot 107 are
formed as openings. Both coupling slots 105 and 107
extend through a metallization layer (shown as dark grey)
covering the first dielectric waveguide 103 to a dielectric
material forming the inner body of the first dielectric
waveguide 103. The second dielectric waveguide 109 is
a small plate 210 with the main surface 211 in which the
second coupling slot 111 is formed as an opening. The
second coupling slot 111 extends through a metallization
layer covering the second dielectric waveguide 109 to a
dielectric material forming the inner body of the second
dielectric waveguide 109.

[0066] At a first side of the first dielectric waveguide
103 forming the coupled port 155, the metallization is
nearly completely removed from the plate 200, only a
small stripe of metal aligned with the main direction x of
the first dielectric waveguide 103 is not removed. That
small stripe of metal forms the coupled port 155 and may
be connected to a microstrip line. Similarly, at a second
side of the first dielectric waveguide 103 forming the iso-
lated port 157, the metallization is nearly completely re-
moved from the plate 200, only a small stripe of metal
aligned with the main direction x of the first dielectric
waveguide 103 is notremoved. That small stripe of metal
forms the isolated port 157 and may be connected to a
microstrip line. At a first side of the second dielectric
waveguide 109 forming the input port 151, the metalliza-
tion is nearly completely removed from the plate 210,
only a small stripe of metal aligned with the main direction
y of the second dielectric waveguide 109 is not removed.
That small stripe of metal forms the input port 151 and
may be connected to a microstrip line. In Fig. 1, both
plates 200 and 210 are separate units; in a further im-
plementation form (not shown), a single plate is used for
forming the first 103 and the second 109 dielectric
waveguides.

[0067] The following implementation forms are not
shown. In one, one or both of the plates 200 and 210 are
printed circuit boards. In an implementation form, one or
both of the plates 200 and 210 are substrate layers of a
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chip covered by a metallization layer. In an implementa-
tion form, one or both of the plates 200 and 210 are direct
copper bonded (DCB) substrates. In an implementation
form, one or both of the plates 200 and 210 are direct
copper plated (DCP) substrates. In an implementation
form, one or both of the plates 200 and 210 are copper
plated ceramic (CPC) substrates. In an implementation
form, the dielectric material forming the inner body of one
or both of the plates 200 and 210 is aluminum oxide
(AI203). In an implementation form, the dielectric mate-
rial forming the inner body of one or both of the plates
200 and 210 is aluminum nitride (AIN) or beryllium oxide
(BeO). In an implementation form, the metallization of
one or both of the plates 200 and 210 is silver (Ag), alu-
minum oxide (Al203). silver palladium (AgPd), silver plat-
inum (AgPt), gold (Au), palladium gold (PdAu) or platinum
gold (PtAu). In an implementation form, the metallization
is printed on the dielectric material of the plates 200, 210.
In an implementation form, the metallization is a paste
burned on the dielectric material of the plates 200, 210.
[0068] Fig. 3 shows a three-dimensional representa-
tion of a directional coupler arrangement 300 according
to an implementation form. The directional coupler ar-
rangement 300 corresponds to the directional coupler
arrangement 100 as described with respect to Figures 1
and 2. The directional coupler arrangement 300, howev-
er, is not embedded in a housing 120 and its ports are
shielded by shieldings. The input port 151 forming a
microstrip input is shielded by a first shielding 351. The
coupled port 155 forming a coupled microstrip port is
shielded by a second shielding 355. The isolated port
157 forming an isolated microstrip port is shielded by a
third shielding 357. The output port forming the
waveguide output is shielded by the air waveguide 101.
The first 351, second 355 and third 357 shieldings are
formed as air waveguides covering the respective ports
151, 155 and 157 on the first 103 and second 109 die-
lectric waveguides.

[0069] Fig. 4 shows a three-dimensional representa-
tion of a directional coupler arrangement 400 according
to an example. The directional coupler arrangement 400
comprises an air waveguide 101 with an output port 153
corresponding to the airwaveguide 101 as described with
respect to Figures 1 and 2. The air waveguide 101 is
embedded in a housing 120. The directional coupler ar-
rangement 400 further comprises a dielectric waveguide
109 corresponding to the second dielectric waveguide
109 as described with respect to Figures 1 and 2.
[0070] The directional coupler arrangement 400 is
used for realizing the microstrip to waveguide transition.
The electromagnetic field comes from a microstrip line
connectedtotheinput port 151, passes through the piece
of dielectric waveguide 109 and arrives at the air
waveguide 101 by means of the coupling slot 111.
[0071] Fig. 5 shows a three-dimensional representa-
tion of a second dielectric waveguide 109 according to
an example. The second dielectric waveguide 109 cor-
responds to the second dielectric waveguide 109 as de-
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scribed with respect to Figures 1 and 2 and as described
with respect to Fig. 4.

[0072] The piece of dielectric waveguide 109 is formed
of a plate of dielectric material covered by a metallization
layer. At a first side of the plate or piece of dielectric ma-
terial on which side the input port 151 of the dielectric
waveguide 109 is arranged, the metallization is nearly
completely removed from the plate, only a small stripe
of metal aligned with the main direction y of the plate is
not removed. That small stripe of metal forms the input
port 151 and may be connected to a microstrip line. The
small stripe expands under an angle of o with respect to
the main direction y to a metal layer fully covering the
plate 210. In a first third of the plate 210, the stripe of
metal expanding to a metal layer is arranged, in a second
third of the plate 210, the plate is fully covered by the
metallization and in a last third of the plate 210 the met-
allization is removed on the main surface of the plate 210
such that a rectangular opening is formed representing
the coupling slot 111.

[0073] Fig. 6 shows a three-dimensional representa-
tion of a directional coupler arrangement 600 according
to an implementation form. The directional coupler ar-
rangement 600 comprises an air waveguide 101 with an
output port 153 corresponding to the air waveguide 101
as described with respect to Figures 1 and 2. The air
waveguide 101 is embedded in a housing 120. The di-
rectional coupler arrangement 600 further comprises a
dielectric waveguide 103 corresponding to the dielectric
waveguide 103 as described with respect to Figures 1
and 2.

[0074] The directional coupler arrangement 600 is
used for realizing the waveguide to microstrip transition.
The electromagnetic field which is inside the air
waveguide 101 can be measured by coupling a part of
this field by means of two coupling slots 105 and 107.
The electromagnetic field comes from the air waveguide
101, is transmitted by means of the coupling slots 105
and 107 to the inside of the dielectric waveguide 103 and
arrives at the coupled port 155 and the isolated port 157
where a microstrip line can be connected for measuring
the energy of the field.

[0075] Fig. 7 shows a three-dimensional representa-
tion of a dielectric waveguide 703 and a second dielectric
waveguide 109 according to an implementation form.
The second dielectric waveguide 109 corresponds to the
second dielectric waveguide 109 as described with re-
spect to Figures 1 and 2. The dielectric waveguide 703
corresponds to the dielectric waveguide 103 as de-
scribed withrespectto Figures 1 and 2 in all but the shape
of the coupling slots 105 and 107. The coupling slots 705
and 707 are cross-shaped, wherein a main axis of the
first cross-shaped coupling slot 705 coincides with a main
axis of the second cross-shaped coupling slot 707 and
is arranged in a 45-degrees angle with respect to the
main direction x of the first dielectric waveguide 703.
[0076] Fig. 8 shows a three-dimensional representa-
tion of a dielectric waveguide 803 and a second dielectric
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waveguide 109 according to an implementation form.
The second dielectric waveguide 109 corresponds to the
second dielectric waveguide 109 as described with re-
spect to Figures 1 and 2. The dielectric waveguide 803
corresponds to the dielectric waveguide 103 as de-
scribed with respect to Figures 1 and 2 in all but the shape
of the coupling slots 105 and 107. The coupling slots 805
and 807 are in each case formed as a large circle located
beneath a smaller circle. For the first coupling slot 805
the center points of the large and the small circle are
positioned on a common axis aligned with a main direc-
tion x of the first dielectric waveguide 803. For the second
coupling slot 807 the center points of the large and the
small circle are positioned on a common axis aligned with
a main direction x of the first dielectric waveguide 803.
The common axis for the large and small circle of the first
coupling slot 805 is spaced apart from the common axis
for the large and small circle of the second coupling slot
807. Electromagnetic energy is emitted through the four
circles and so coupled from the inside of the dielectric
waveguide 803 to the outside.

[0077] Fig. 9 shows a schematic diagram of a method
900 for coupling a first waveguide to a second waveguide
according to an implementation form. The method 900
comprises forming 901 a coupling slot in the first
waveguide and arranging 903 the coupling slot of the first
waveguide inside the second waveguide.

[0078] The first waveguide may be an air waveguide
101 as described with respect to Figures 1 and 2. The
second waveguide may be a dielectric waveguide 103
as described with respect to Figures 1 and 2.

[0079] The first and second waveguides may be air
waveguides or dielectric waveguides. A dielectric
waveguide may be placed in an air waveguide or in a
further dielectric waveguide when the slot is attached to
the dielectric waveguide. Alternatively, an air waveguide
may be placed in a dielectric waveguide or in a further
air waveguide, when the slot is attached to the air
waveguide.

[0080] A dielectricwaveguide placed inside another di-
electric waveguide may be efficiently implemented by a
multi-layer PCB or by a stacked PCB. For example, a
metal coated carrier having an inner metal layer in which
a slot is formed by which slot energy from an inner layer
is transported to an outer layer. The first waveguide may
be a thin optical waveguide, e.g. an optical fibre, and the
second waveguide a thicker optical waveguide. When a
slot is attached to the thin optical waveguide and the thin
optical waveguide is mounted inside the thicker optical
waveguide, light is transported from the first waveguide
to the second waveguide at a high degree of efficiency.
The method may be used for a directional coupling of
light.

[0081] In an implementation form (not shown), the
method 900 further comprises: forming a coupled port in
the first waveguide, the coupled port being coupled to
the coupling slot and being connectable to a microstrip
line. The coupled energy may be easily measured when
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connecting a measurement device to the microstrip line.
[0082] Fig. 10 shows a dielectric waveguide and an air
waveguide coupleable by a method 900 according to an
implementation form. The dielectric waveguide is pro-
duced by covering a plate of dielectric material 1003 by
a metallization 1001 and removing a part of the metalli-
zation on a main surface of the plate such that a coupling
slot 1005 is formed in the main surface of the plate. The
plate is coupled to an air waveguide 101 such that the
coupling slot 1005 is placed inside the air waveguide 101.
The air waveguide 101 may be a hollow body having a
metallic coating 1007. Air 1009 may flow through the air
waveguide 101. The air waveguide 101 may be mounted
by known means on the coupling slot 1005 of the plate
such that the metallic coating 1007 of the air waveguide
101 surrounds the coupling slot 1005 and energy leaving
the dielectric waveguide is transmitted through the cou-
pling slot 1005 into the air waveguide 101. Alternatively,
the dielectric waveguide may be positioned into the air
waveguide 101 such that the air waveguide 101 forms a
shielding for the dielectric waveguide.

Claims

1. A directional coupler arrangement (100), compris-
ing:

an air waveguide (101); characterised by

a dielectric waveguide (103) having a coupling
slot (105); which is arranged inside the air
waveguide; wherein

the air waveguide (101) and the dielectric
waveguide (103) are coupled by the coupling
slot (105);

the dielectric waveguide (103) comprises a fur-
ther coupling slot named third coupling slot (107)
which is arranged inside the air waveguide
(101), wherein the dielectric waveguide (103)
comprises a dielectric material (1003) covered
by metallization (1001), openings (1005) in the
metallization (1001) forming the coupling slot
(105) and the third coupling slot (107), the die-
lectric waveguide (103) further comprises a cou-
pled port (155) coupled to the coupling slot
(105), the coupled port (155) being connectable
to a microstrip line; and

an isolated port (157) coupled to the third cou-
pling slot (107), the isolated port (157) being
connectable to a microstrip line.

2. The directional coupler arrangement (100) of any of
the preceding claims, wherein the dielectric
waveguide (103) is formed as a plate (200) having
a main surface (201); and wherein a main direction
(z) of the air waveguide (101) is substantially per-
pendicular to the main surface (201) of the plate
(200).
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3. The directional coupler arrangement (100) of any of
the preceding claims, comprising a second dielectric
waveguide (109) having a second coupling slot
(111); wherein the air waveguide (101) and the sec-
ond dielectric waveguide (109) are coupled by the
second coupling slot (111).

4. The directional coupler arrangement (100) of claim
3 wherein the second dielectric waveguide (109) is
formed as a second plate (210) having a main sur-
face (211); and wherein the main surface (211) of
the second plate (210) is arranged substantially par-
allel to the main surface (201) of the plate (200).

5. The directional coupler arrangement (100) of claim
3 or 4 wherein the second coupling slot (111) of the
second dielectric waveguide (109) is arranged inside
the air waveguide (101).

6. The directional coupler arrangement (100) of any of
claims 3-5, wherein a size of the second coupling
slot (111) is larger than a size of the coupling slot
(105).

7. The directional coupler arrangement (100) of any of
claims 3-6, wherein a main direction (224) of the sec-
ond coupling slot (111) is arranged substantially par-
allel to a main direction (220) of the coupling slot
(105).

8. The directional coupler arrangement (100) of any of
claims 3-7 wherein the second dielectric waveguide
(109) comprises an input port (151) coupled to the
second coupling slot (111), the input port (151) being
connectable to a microstrip line.

9. The directional coupler arrangement (100) of claim
1, wherein a main direction (222) of the third coupling
slot (107) is arranged substantially parallel to a main
direction (220) of the coupling slot (105).

Patentanspriiche

1. Richtungskoppleranordnung (100), die Folgendes
umfasst:

einen Luftwellenleiter (101); gekennzeichnet
durch

einen dielektrischen Wellenleiter (103), der ei-
nen Koppelschlitz (105) aufweist; der innerhalb
des Luftwellenleiters angeordnet ist; wobei

der Luftwellenleiter (101) und der dielektrische
Wellenleiter (103) durch den Koppelschlitz
(105) gekoppelt sind;

der dielektrische Wellenleiter (103) ferner einen
Koppelschlitz umfasst, der als dritter Koppel-
schlitz (107) bezeichnet ist, der innerhalb des
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Luftwellenleiters (101) angeordnetist, wobei der
dielektrische Wellenleiter (103) ein dielektri-
sches Material (1003) umfasst, das durch Me-
tallisierung (1001) bedeckt ist, wobei Offnungen
(1005) in der Metallisierung (1001) den Koppel-
schlitz (105) und den dritten Koppelschlitz (107)
bilden, wobei der dielektrische Wellenleiter
(103) ferner einen gekoppelten Anschluss (155)
umfasst, der mitdem Koppelschlitz (105) gekop-
pelt ist, wobei der gekoppelte Anschluss (155)
mit einer Mikrostripleitung verbunden werden
kann; und

einen isolierten Anschluss (157), der mit dem
dritten Koppelschlitz (107) gekoppelt ist, wobei
der isolierte Anschluss (157) mit einer Mikrost-
ripleitung verbunden werden kann.

Richtungskoppleranordnung (100) nach einem der
vorhergehenden Anspriiche, wobei der dielektrische
Wellenleiter (103) als eine Platte (200) gebildet ist,
die eine Hauptoberflache (201) aufweist; und wobei
eine Hauptrichtung (z) des Luftwellenleiters (101) im
Wesentlichen senkrecht zu der Hauptoberflache
(201) der Platte (200) ist.

Richtungskoppleranordnung (100) nach einem der
vorhergehenden Anspriiche, die einen zweiten die-
lektrischen Wellenleiter (109) umfasst, der einen
zweiten Koppelschlitz (111) aufweist; wobei der Luft-
wellenleiter (101) und der zweite dielektrische Wel-
lenleiter (109) durch den zweiten Koppelschlitz (111)
gekoppelt sind.

Richtungskoppleranordnung (100) nach Anspruch
3, wobei der zweite dielektrische Wellenleiter (109)
als eine zweite Platte (210) gebildet ist, die eine
Hauptoberflache (211) aufweist; und wobei die
Hauptoberflache (211) der zweiten Platte (210) im
Wesentlichen parallel zu der Hauptoberflache (201)
der Platte (200) angeordnet ist.

Richtungskoppleranordnung (100) nach Anspruch 3
oder 4, wobei der zweite Koppelschlitz (111) des
zweiten dielektrischen Wellenleiters (109) innerhalb
des Luftwellenleiters (101) angeordnet ist.

Richtungskoppleranordnung (100) nach einem der
Anspriche 3-5, wobei eine Grofie des zweiten Kop-
pelschlitzes (111) gréReristals eine GrolRe des Kop-
pelschlitzes (105).

Richtungskoppleranordnung (100) nach einem der
Anspriiche 3-6, wobei eine Hauptrichtung (224) des
zweiten Koppelschlitzes (111) im Wesentlichen pa-
rallel zu einer Hauptrichtung (220) des Koppelschlit-
zes (105) angeordnet ist.

Richtungskoppleranordnung (100) nach einem der
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Anspriiche 3-7, wobei der zweite dielektrische Wel-
lenleiter (109) einen Eingangsanschluss (151), der
mit dem zweiten Koppelschlitz (111) gekoppelt ist,
umfasst, wobei der Eingangsanschluss (151) mit ei-
ner Mikrostripleitung verbunden werden kann.

Richtungskoppleranordnung (100) nach Anspruch
1, wobei eine Hauptrichtung (222) des dritten Kop-
pelschlitzes (107) im Wesentlichen parallel zu einer
Hauptrichtung (220) des Koppelschlitzes (105) an-
geordnet ist.

Revendications

Agencement directionnel

comprenant :

de coupleur (100),

un guide d’'onde aérien (101), caractérisé par
un guide d’onde diélectrique (103) ayant une en-
coche de couplage (105) ; qui est placée a l'in-
térieur du guide d’'onde aérien ;

le guide d’onde aérien (101) et le guide d’'onde
diélectrique (103) étant couplés par I'encoche
de couplage (105) ;

le guide d’onde diélectrique (103) comportant
une autre encoche de couplage désignée troi-
siéme encoche de couplage (107) qui est placée
al'intérieur du guide d’onde aérien (101), le gui-
de d’onde diélectrique (103) comprenant un ma-
tériau diélectrique (1003) recouvert par une mé-
tallisation (1001), des ouvertures (1005) dans la
métallisation (1001) formant I'encoche de cou-
plage (105) et la troisieme encoche de couplage
(107), le guide d’'onde diélectrique (103) com-
portant en outre un port couplé (155) couplé a
I'encoche de couplage (105), le port couplé
(155) pouvant étre connecté a une ligne
microbande ; et

un portisolé (157) couplé a la troisieme encoche
de couplage (107), le port isolé (157) pouvant
étre connecté a une ligne microbande.

2. Agencement de coupleur directionnel (100) selon

I'une quelconque des revendications précédentes,
dans lequel le guide d’onde diélectrique (103) est
formé comme une plaque (200) ayant une surface
principale (201) ; et une direction principale (z) du
guide d’'onde aérien (101) étant substantiellement
perpendiculaire a la surface principale (201) de la
plaque (200).

Agencement de coupleur directionnel (100) selon
I'une quelconque des revendications précédentes,
comprenant un deuxieme guide d’onde diélectrique
(109) ayant une deuxieme encoche de couplage
(111) ; le guide d’onde aérien (101) et le deuxieéme
guide d’onde diélectrique (109) étant couplés par la
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deuxiéme encoche de couplage (111).

Agencement de coupleur directionnel (100) selon la
revendication 3, dans lequel le deuxiéme guide d’on-
de diélectrique (109) est formé comme une deuxié-
me plaque (210) ayant une surface principale (211) ;
et la surface principale (211) de la deuxiéme plaque
(210) étant placée de fagon substantiellement paral-
lele a la surface principale (201) de la plaque (200).

Agencement de coupleur directionnel (100) selon la
revendication 3 ou 4, dans lequel la deuxiéme en-
coche de couplage (111) du deuxieme guide d’onde
diélectrique (109) est placée a I'intérieur du guide
d’onde aérien (101).

Agencement de coupleur directionnel (100) selon
I'une quelconque des revendications 3-5, dans le-
quel une taille de la deuxieme encoche de couplage
(111) est supérieure a une taille de I'encoche de cou-
plage (105).

Agencement de coupleur directionnel (100) selon
I'une quelconque des revendications 3-6, dans le-
quel une direction principale (224) de la deuxieme
encoche de couplage (111) est placée de fagon
substantiellement paralléle a une direction principale
(220) de I'encoche de couplage (105).

Agencement de coupleur directionnel (100) selon
I'une quelconque des revendications 3-7, dans le-
quel le deuxieme guide d’onde diélectrique (109)
comprend un port d’entrée (151) couplé a la deuxie-
me encoche de couplage (111), le portd’entrée (151)
pouvant étre connecté a une ligne microbande.

Agencement de coupleur directionnel (100) selon la
revendication 1, dans lequel une direction principale
(222) de la troisieme encoche de couplage (107) est
placée de fagon substantiellement parallele a une
direction principale (220) de I'encoche de couplage
(105).
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