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DESCRIPTION

Directional Coupler Waveguide Structure and method

Technical Field

The present invention relates generally to radio technology and specifically, to directional

coupler arrangements between waveguides.

BACKGROUND OF THE INVENTION

Directional couplers (DCs) are passive devices used in the field of radio technology. They
couple a defined amount of the electromagnetic power in a transmission line to another
port where it can be used in another circuit. Afeature 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 transmission lines
set close enough together such that energy passing through one is coupled to the other.
This technique is favoured due to the microwave frequencies the devices are commonly
employed with. The two transmission 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
interface and the air interface. In particular, manufacturing tolerances have a negative
influence on operational bandwidth, directivity, and impedance matching of the directional

coupler.

SUMMARY OF THE INVENTION

The invention provides for an interface to an air waveguide with a directional coupler

which interface is robust against manufacturing tolerances.

This is achieved by the features of the independent claims. Further implementation forms

are apparent from the dependent claims, the description and the figures.
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The invention is based on the finding of the inventors that a dielectric waveguide may be
used as a robust interface to an air waveguide when energy is transmitted 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 energy 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
tolerances do not influence the amount of energy to be coupled between the dielectric

waveguide and the air waveguide.

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;
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CPC substrate: copper plated ceramic substrate.

According to a first aspect, the invention relates to a directional coupler arrangement,
comprising: an air waveguide; and a dielectric waveguide having afirst coupling slot;
wherein the air waveguide and the dielectric waveguide are coupled by the first coupling

slot.

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.

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) compared to an

arrangement where a gap between two transmission lines has to be arranged on the PCB.

In a first possible implementation form of the directional coupler arrangement according to
the first aspect, the first coupling slot of the dielectric waveguide is arranged inside the air

waveguide. The coupler is therefore inside the waveguide transition.

By placing the first coupling slot of the dielectric waveguide inside the air waveguide, the
directional coupler arrangement is insensitive to manufacturing tolerances 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.

In a second possible implementation form of the directional coupler arrangement
according to the first aspect as such or according to the first implementation 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.

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

metallization is removed at a specified position, an opening in the metallization forms the
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slot at that position. 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 dielectric waveguide. A production
method for producing the interface from a microstrip line to a dielectric waveguide may be
simply performed by the steps of providing a PCB as a dielectric body covered by a
metallization layer and patterning the metallization layer to form the microstrip line and the

dielectric waveguide.

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.

When the opening in the metallization of the dielectric 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.

In a fourth possible implementation form of the directional coupler arrangement according
to the first aspect as such or according to any of the preceding implementation forms of
the first aspect, the dielectric waveguide may be formed generally planar as a plate having

a main surface.

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., ARO3 (aluminum 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
metallization may be printed on the dielectric plate or the metallization may be a paste

burned on the dielectric plate. Other metallization forms are possible.
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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.

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 directivity of the directional coupler arrangement is improved.

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.

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.

In a seventh possible implementation form of the directional coupler arrangement
according to the first aspect as such or according to any of the preceding implementation
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.

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 transition of energy

from the dielectric waveguide to the air waveguide.

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 implementation
forms of the first aspect, the directional coupler 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
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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, is implemented by the air waveguide and
the coupled 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.

In a ninth possible implementation form of the directional coupler arrangement according
to the eighth implementation form of the first aspect, the second dielectric waveguide is

formed as a second plate having a main surface.

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 for implementing both, the second dielectric

waveguide and the (first) dielectric waveguide.

For smaller dimensions the second plate may be the substrate layer of a chip being
covered by a metallization layer as described above. The directional coupler arrangement
may be implemented in a single chip including second dielectric waveguide and (first)

dielectric waveguide.

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.

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 direction of the coupling slot coincides with the coupling
direction of the second coupling slot improving the directivity and thus reducing energy

losses of the directional coupler arrangement.

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.
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By placing the second coupling slot of the second dielectric waveguide inside the air
waveguide, the directional coupler arrangement is insensitive to manufacturing 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 arrangement is space-efficiently constructed.

In a twelfth 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.

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, is implemented by the air waveguide and
the coupled port of the directional coupler arrangement, i.e. Port 3 where aportion 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 improved.

In a thirteenth 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.

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 coupler arrangement is
improved and thus energy losses are minimized. The main direction of a coupling slot

refers to the longer laterally extended dimension.
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In a fourteenth 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.

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 directional coupler
arrangement implements directional transition of electrical energy transported by the
microstrip line to electromagnetic energy transported by the second dielectric waveguide

and further to electromagnetic energy transported by the air waveguide.

In a fifteenth possible implementation form of the directional coupler arrangement
according to the first aspect as such or according to any of the preceding implementation
forms of the first aspect, the dielectric waveguide comprises a third coupling slot, the third

coupling slot being arranged inside the air waveguide.

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 (Port 2) is coupled to. The isolated port may be
terminated with a matched load. The matched load may be arranged on the dielectric

waveguide or may be formed of the dielectric waveguide, thereby saving space.

By placing the third coupling slot of the dielectric waveguide inside the air waveguide, the
directional coupler arrangement is insensitive to manufacturing tolerances 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.

In a sixteenth possible implementation form of the directional coupler arrangement
according to the fifteenth implementation form of the first aspect, a main direction of the

third coupling slot is arranged substantially parallel to a main direction of the coupling slot.

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
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improved and thus energy losses are minimized. A matched load terminating the isolated

port may be less complex.

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.

By dimensioning the size of the third coupling slot substantially as large as the size ofthe
coupling slot, symmetrical properties can be exploited, thereby improving directivity and
reducing losses of the directional coupler 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.

In an eighteenth possible implementation form of the directional coupler arrangement
according to any of the fifteenth to the seventeenth implementation forms of the first
aspect, the dielectric waveguide comprises a coupled port coupled to the coupling slot,
the coupled port being connectable to a microstrip line and the dielectric waveguide
comprises an isolated port coupled to the third coupling slot, the isolated port being

connectable to a microstrip line.

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 portion of the power applied to the output port (Port

2) is coupled to.

When connecting a microstrip line to the coupled port or to the isolated port, energy
transition from a microstrip line connected to the input port to an air waveguide comected
to the output port can be efficiently measured. The whole directional coupler arrangement
can be arranged on a single PCB facilitating manufacturing and improving manufacture

tolerances.

According to a second aspect, the invention relates to a method of coupling a first
waveguide to a second waveguide comprising: forming a coupling slot in the first
waveguide; and arranging the coupling slot of the first waveguide inside the second

waveguide.
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By coupling the first waveguide to the second waveguide by a slot, the insertion loss is
reduced compared 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 described
above may be used for coupling a first waveguide (the dielectric waveguide having a
coupling slot) to a second waveguide (the air waveguide), i.e., by using the method

according to the second aspect.

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.

A dielectric waveguide placed inside another dielectric 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 directional coupler arrangement may be used for directional

coupling of light.

In a second possible implementation form of the method according to the second aspect
as such or according 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.

10
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The coupled energy may be easily measured when connecting a measurement device to

the microstrip line.

BRIEF DESCRIPTION OF THE DRAWINGS

Further illustrative embodiments of the invention 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 implementation 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;

11
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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

Fig. 1 shows a three-dimensional representation of a directional coupler arrangement 100
according to an implementation form and Fig. 2 shows a cross-sectional representation of
the directional coupler arrangement 100. The directional coupler arrangement 100
comprises an air waveguide 101, a first dielectric waveguide 103 and a second didectric
waveguide 109. A first coupling slot 105 is formed in a main surface 201 of the first
dielectric waveguide 103. A second coupling 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 directions, and arranged parallel to an

extended direction of the waveguide 103.

The air waveguide 101 has an internal cascaded 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 coupling 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 air waveguide
101 is embedded in 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. An input 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, coupled port 155 and

isolated port 157 are accessible from the outside.

The directional coupler arrangement 100 may implement a directional coupler with afirst
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 applied to “Port 1” appears and

12
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a fourth port (Port 4) as the isolated port where a portion of the power applied to “Port 2” is

coupled to.

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, at input 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.

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 electromagnetic 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 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 whichis 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 substantially across the whole

width of the second dielectric waveguide.

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

13
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second dielectric waveguide 109 to a dielectric material forming the inner body of the

second dielectric waveguide 109.

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 isolated
port 157, the metallization is nearly completely removed from the plate 200, onlya 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 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 metallization 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
implementation form (not shown), a single plate is used for forming the first 103 and the

second 109 dielectric waveguides.

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 chip covered by a metallization layer. In an
implementation 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 (Al203). In an implementation form, the dielectric material 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), aluminum oxide (Al203). silver palladium (AgPd), silver
platinum (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.
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Fig. 3 shows a three-dimensional representation of a directional coupler arrangement 300
according to an implementation form. The directional coupler arrangement 300
corresponds to the directional coupler arrangement 100 as described with respect to
Figures 1 and 2. The directional coupler arrangement 300, however, 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 dielectric waveguides.

Fig. 4 shows a three-dimensional representation of a directional coupler arrangement 400
according to an implementation form. The directional coupler arrangement 400 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 directional coupler arrangement 400 further comprises a dielectric
waveguide 109 corresponding to the second dielectric waveguide 109 as described with

respect to Figures 1 and 2.

The directional coupler arrangement 400 is used for realizing the microstrip to waveguide
transition. The electromagnetic field comes from a microstrip line connected to the input
port 151, passes through the piece of dielectric waveguide 109 and arrives at the air

waveguide 101 by means of the coupling slot 111.

Fig. 5 shows a three-dimensional representation of 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 respect to Figures 1 and 2 and

as described with respect to Fig. 4.

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 material 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
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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 ofa.
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 metallization is removed on the main surface of the plate 210

such that a rectangular opening is formed representing the coupling slot 111.

Fig. 6 shows a three-dimensional representation of a directional coupler arrangement 600
according to an implementation form. The directional coupler arrangement 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 directional coupler arrangement 600 further comprises a dielectric
waveguide 103 corresponding to the dielectric waveguide 103 as described with respect

to Figures 1 and 2.

The directional coupler arrangement 600 is used for realizing the waveguide to microstrp
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 d 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.

Fig. 7 shows a three-dimensional representation 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 respect to Figures 1 and 2. The dielectric waveguide 703 corresponds to
the dielectric waveguide 103 as described with respect to 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.
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Fig. 8 shows a three-dimensional representation of a dielectric waveguide 803 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 respect to Figures 1 and 2. The dielectric waveguide 803 corresponds to
the dielectric waveguide 103 as described 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 direction 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.

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.

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.

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 dielectric waveguide placed inside another dielectric 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
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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.

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 connecting a measurement device to the microstrip line.

Fig. 10 shows a dielectric waveguide and an air waveguide coupleable by a method 900
according to an implementation form. The dielectric waveguide is produced by covering a
plate of dielectric material 1003 by a metallization 1001 and removing a part of the
metallization 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 coupling 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.

Many alternatives, modifications, and variations will be apparent to those skilled in the art
in light of the above teachings. Of course, those skilled in the art will readily recognize that
there are numerous applications of the invention beyond those described herein. While
the present invention has been described with reference to one or more particular
embodiments, those skilled in the art will recognize that many changes may be made
thereto without departing from the spirit and scope of the present invention. It is therefore
to be understood that within the scope of the appended claims and their equivalents, the

inventions may be practiced otherwise than as specifically described herein.
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CLAIMS:

1. A directional coupler arrangement (100), comprising:
an air waveguide (101); and
a dielectric waveguide (103) having a coupling slot (105); wheren

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

2. The directional coupler arrangement (100) of claim 1, wherein the coupling slot

(105) of the dielectric waveguide (103) is arranged inside the air waveguide (101).

3. The directional coupler arrangement (100) of claim 1 or claim 2, wherein the
dielectric waveguide (103) comprises a dielectric material (1003) covered by a
metallization (1001), an opening (1005) in the metallization (1001) forming the couping
slot (105).

4. The directional coupler arrangement (100) of claim 3, wherein the opening (1005)
in the metallization (1001) of the dielectric waveguide (103) extends to the dielectric
material (1003).

5. 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).

6. The directional coupler arrangement (100) of claim 5, wherein a main direction (z)
of the air waveguide (101) is substantially perpendicular to the main surface (201) of the
plate (200).

7. The directional coupler arrangement (100) of claim 5 or claim 6, wherein the

coupling slot (105) is formed in the main surface (201) of the plate (200).

8. The directional coupler arrangement (100) of one of the preceding claims, wherein
the coupling slot (105) 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.
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9. 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 second dielectric waveguide (109) are coupled

by the second coupling slot (111).

10. The directional coupler arrangement (100) of claim 9, wherein the second dielectric

waveguide (109) is formed as a second plate (210) having a main surface (211).

11.  The directional coupler arrangement (100) of claim 10, wherein the main suface
(211) of the second plate (210) is arranged substantially parallel to the main surface (201)
of the plate (200).

12.  The directional coupler arrangement (100) of any of claims 9-11, wherein the
second coupling slot (111) of the second dielectric waveguide (109) is arranged inside the

air waveguide (101).

13. The directional coupler arrangement (100) of any of claims 9-12, wherein a size of

the second coupling slot (111) is larger than a size of the coupling slot (105).

14. The directional coupler arrangement (100) of any of claims 9-13, wherein a main
direction (224) of the second coupling slot (111) is arranged substantially parallel to a

main direction (220) of the coupling slot (105).

15.  The directional coupler arrangement (100) of any of claims 9-14, 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.

16. The directional coupler arrangement (100) of any of the preceding claims, wherein
the dielectric waveguide (103) comprises a third coupling slot (107), the third coupling slot

(107) being arranged inside the air waveguide (101).

17. The directional coupler arrangement (100) of claim 16, 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).

18. The directional coupler arrangement (100) of claim 16 or claim 17, wherein a size

of the third coupling slot (107) is substantially as large as a size of the coupling slot (105).

19.  The directional coupler arrangement (100) of any of claims 16-18, wherein
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the dielectric waveguide (103) comprises a coupled port (155) coupled to the
coupling slot (105), the coupled port (155) being connectable to a microstrip line; and

wherein

the dielectric waveguide (103) comprises an isolated port (157) coupled to the third

coupling slot (107), the isolated port (157) being connectable to a microstrip line.

20. A method (900) of coupling a first waveguide (103) to a second waveguide (101)

comprising:
forming (901) a coupling slot (105) in the first waveguide (103); and

arranging (203) the coupling slot (105) of the first waveguide (103) inside the

second waveguide (101).

21.  The method (200) of claim 20, wherein the first waveguide (103) is a dielectric
waveguide and the second waveguide (101) is one of an air waveguide and a dielectric

waveguide.

22. The method (200) of claim 20 or claim 21, comprising: forming a coupled port
(155) in the first waveguide (103), the coupled port (155) being coupled to the coupling

slot (105) and being connectable to a microstrip line.
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