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(54) A directional coupler and a method thereof

(57) The invention relates to a directional coupler,
comprising:
a first conductor;
an insulator surrounding said first conductor having an
outer surface;
a second conductor surrounding said insulator, the first
and the second conductor being adapted for power RF
(radio-frequency) transmission;
a cavity in said second conductor extending to at least

the outer surface of the insulator;
a third conductor in a mounting position in the interior of
said cavity having a portion substantially parallel to the
first conductor and end portions substantially perpendic-
ular to the first conductor, the third conductor being ar-
ranged for receiving a portion of said power RF trans-
mission; and,
a filling element, for filling at least part of the cavity, per-
manently holding the third conductor in said mounting
position.
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Description

Technical field

[0001] The invention relates to the field of microwave communication, and more particularly without limitation to a
directional coupler in radio frequency power transmissions and a method of producing a directional coupler.

Background and related art

[0002] Impedance matching is a critical term in order to understand the performance of a power transmission between
source and load in any arbitrary system. The voltage standing wave ratio (VSWR) is a scalar measurement that reveals
how well the load impedance is matched to the source.
[0003] Directional couplers are used for sampling the power transmission with a minimum disturbance of the transmitted
signal. These are passive devices configured as four-port circuits. Two of the ports are used for power input and trans-
mission, while the remaining two receive a coupled fraction of the transmitted power as well as being used for isolation
purposes.
[0004] When a wave is present along the transmission line, a percentage of the wave is reflected while the rest of the
signal passes through. This percentage is known as the reflection coefficient. Depending on the position of the coupling
and the isolating port within the directional coupler and whether or not it’s terminated farthest from or closest to the input
from the outside connection, the coupled signal will correspond to the forward or the reverse wave. There are some
important definitions related to directional couplers, the most important are: coupling factor, isolation and directivity. Let
the input port be P1, transmitted port P2, coupled port P3 and isolated port P4, then the definitions may be expressed as: 

[0005] Using a forward and a reverse directional coupler, the voltage standing wave ratio (VSWR) may be calculated
when the forward and the reverse waves are added to form a composite signal, the maximum and minimum voltage is
measured and the ratio of the maximum and the minimum is calculated.
[0006] One of the shortcomings regarding VSWR measurements is the low directivity values of the directional couplers,
the instability of the coupling factor and long tuning times. In prior art, the values of the directional coupler fluctuate more
often and a more frequent tuning of attenuation network (e.g. a potentiometer) around the coupler is required in order
to balance the Coupling Factor back in place. There is therefore, a need to improve the directivity values without further
disturbing the transmission power. There is a further need to improve the stability of the measurements to obtain a more
precise value of the directivity (and thereby any VSWR detection) and, as a consequence, a reduction of the tuning time.

Summary of the invention

[0007] The present invention provides a directional coupler that comprises a first conductor, an insulator that surrounds
the first conductor and that includes an outer surface. Another element is a second conductor, which surrounds the
insulator and together with the first conductor is adapted for power radio frequency transmission. Within the second
conductor, there is a cavity that is extended to at least the outer surface of the insulator. In its interior there is a third
conductor in a mounting position, with a portion substantially parallel to the first conductor and with the end portions or
the extremes of the third conductor substantially perpendicular to the first conductor. This third conductor is arranged
for receiving a portion of the power radio frequency transmission. A further component is a filling element made of a
non-conductive material that fills at least a part of the cavity permanently holding the third conductor in the mounting
position.
[0008] The directional coupler has the advantage that the filling element keeps the predefined distances between the
first and the third conductor, as well as between the second and the third conductor. This maintains stable coupling
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factors and directivity values, reducing tuning time, and avoiding fluctuation in the measured signal.
Another advantage by stabilizing the directional coupler is that, as there is an element that fixes the third conductor
within the cavity, the coupler is easier to reproduce as the directivity values are set up by the distances between the
conductors.
[0009] Another advantage is that the amount of defective directional couplers is diminished and the amount of repair
loops is reduced, bringing an overall decrease of production time and costs. An even further advantage is that the
consistency of the coupling and the isolation levels increases the directivity values compared to prior art. According to
the inventors, the directional coupler reaches directivity values up to 38 dB, whereas the prior art reaches only a maximum
of 30 dB. Surprisingly, the filling element in the interior of the cavity has not shown greater disadvantage in terms of
coupling factor and directivity values, compared with directional couplers with no filling element. The non-conductive
material has the advantage of minimizing power radio frequency transmission interference.
[0010] In a further embodiment the filling element is made of milled Teflon (PTFE), or molded Polyethylene or Fluor-
inated Ethylene Propylene (FEP). These filling elements have shown the best directivity and coupling values among all
the non-conductive materials analyzed. However, the filling element could be made of any material with non-conductive
properties.
[0011] In another preferred embodiment the insulator is air. One of the advantages of using air as an insulator when
measuring the transmission power is that the coupling factor levels can reach high levels, as the parallel portion of third
conductor can be arbitrarily close to the first conductor.
[0012] In another embodiment, the end portions of the third conductor of the directional coupler are connected and
integrated to a printed circuit board that also includes a low noise amplifier (LNA). This type of connection has the
advantage of reducing the insertion loss and material costs by keeping the connections between the devices close to
each other.
[0013] In another aspect, the invention relates to a voltage standing-wave ratio measurement system that includes a
coaxial cable, a first and a second directional coupler as described in the preferred embodiment, arranged at separate
distance of the coaxial cable, and at the same time, allowing the processing of the forward and reverse RF power
transmission in order to calculate the VSWR.
[0014] In a preferred embodiment, the distance between the third and the first conductor, as well as the distances
between a third conductor and the second conductor define the directivity values of the directional coupler.
[0015] In another embodiment, the invention relates to a coaxial cable that includes a directional coupler as mentioned
above. The advantage of using a directional coupler within a coaxial cable is that the coupler is in a close distance to
the first and the second conductor, and therefore better coupled to the transmitted signal.
[0016] In another aspect, the invention relates to a method of producing a directional coupler that includes providing
a coaxial cable that has a first conductor, an insulator surrounding the first conductor and having an outer surface, and
a second conductor surrounding the insulator. Then, a cavity in the second conductor is formed, extending to at least
the outer surface of the insulator. Subsequently, in the interior of the cavity a third conductor is placed, having a portion
that is substantially parallel to the first conductor and the end portions or the extremes substantially perpendicular to the
first cond uctor. After that, at least a portion of the cavity is then filled with a filling element made of a non-conductive
material, holding permanently the third conductor.
[0017] In a further embodiment, the invention relates to a method of producing a directional coupler as mentioned in
previous embodiments with a filling element made of milled Teflon (PTFE), or molded Polyethylene or Fluorinated
Ethylene Propylene (FEP).
[0018] In a further embodiment, the invention relates to a method of producing a directional coupler as mentioned in
previous embodiments wherein the insulator is air

Brief description of the drawings

[0019] In the following preferred embodiments of the invention are described in greater detail by way of example only
making reference to the drawings in which:

Fig. 1 is a schematic of a longitudinal cut of the directional coupler,
Fig. 2 is a schematic of a 3-D view of the directional coupler,
Fig. 3 is a representation of a transversal cut of the directional coupler.

Detailed description

[0020] Fig. 1 shows a longitudinal cut of the directional coupler 100, allowing a detailed description of the inner elements
that structure it. The first conductor 101 is surrounded by an insulator 102. The insulator 102 is surrounded by a second
conductor 103; these two conductors allow a power radio frequency transmission. On the top of second conductor 103,
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printed circuit board (PCB) 109 is located. In the second conductor 103, there is a cavity 104 that it extends from printed
circuit board 109 to the interface with the insulator 102. Inside this cavity 104, there is located a third conductor 105
made of a non-conductive material; this third conductor 105 is formed by a portion that is substantially parallel to the
first conductor and with both ends substantially perpendicular to the first conductor 101. In the cavity 104, a filling element
106 fills at least a portion of the cavity 104.
[0021] When a signal is transmitted through first conductor 101 and second conductor 103 a fraction of the signal is
received by third conductor 105. The third conductor 105 allows a coupling of the transmitted radio frequency power.
This sample signal can be measured through the output port 107 of the third conductor 105, while the isolated port 108
may be connected to a 50 Ohm termination. The filling element 106 fills at least a portion of the cavity 104, holding all
the portions of third conductor 105 and keeping the distances between third conductor 105 and first conductor 110, and
between third conductor 105 and second conductor 111.
[0022] One of the advantages of the invention is that there is no need of adjusting the mounting height of the third
conductor to obtain the designed coupling factor using for example locking screw; there is also no need of turning or
rotating the third conductor in order to obtain the desired directivity; there is also no need of iterative measurements and
adjustments of either the coupling factor or the directivity after the position of the third conductor has been changed. In
all this cases, the filling element keeps the right distances and designed values obtained during the development phase
of the product.
[0023] The filling element 106 can be made for example from a non-conductive material. This non-conductive material
can be for example milled Teflon and Polyethylene. In one example, the insulator 102 is air. In another example the
output ports 107 and 108 and the third conductor 105 is integrated or connected to a printed circuit board 109.
[0024] One of the most important advantages of the filling element 106 is that the positions between the first and the
third conductor 110 and the distance between second and third conductor 111 can be fixed permanently. This ensures
stable measurement and reduced adjustment of the directivity and coupling values.
[0025] Fig. 2 illustrates a three-dimensional view of the directional coupler, where the form of the conductors is rep-
resented. The figure 2 shows the insulator 102 surrounding first conductor 101, and second conductor 103 surrounding
the insulator 102. The figure 2 also depicts the cylindrical shape of the first 101, second 103 and third conductors 105.
Also, the cavity 104 with a substantially rectangular shape within second conductor is shown. In the interior of cavity
104, the parallel portion and the perpendicular ends of third conductor in respect to the first conductor is illustrated. The
filling element 106 fills the section of the cavity 104 between the parallel portion and the perpendicular ends of third
conductor 105.
[0026] Fig. 3 illustrates a transversal cut of the directional coupler, representing the cavity 104 location within the
second conductor 103, having a rectangular shape and starting on the interface with the printed circuit board (PCB) and
ending at least in the interface with the insulator 102. The insulator 102 surrounds the first conductor 101 and the second
conductor 103 surrounding the insulator 102. On the top of second conductor 103, the printed circuit board (PCB) 109
is located. The cavity 104 starts at the printed circuit board 109 reaching the outer surface of the insulator 102. The third
conductor 105 is located in a substantially central position within the cavity 104. The filling element 106 fills the section
of the cavity 104 between the parallel portion and third conductor 105 and the interface with the printed circuit board
(PCB) 109. Fig. 3 also shows the filling element 106 keeping the distance between the third conductor and the first
conductor 105 and the distance between third conductor and second conductor 111.
[0027]

List of Reference Numerals

100 Directional coupler

101 First conductor

102 Insulator

103 Second conductor

104 Cavity

105 Third conductor

106 Filling Element

107 Coupled port

108 Isolated port

109 Printed Circuit Board (PCB)
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Claims

1. A directional coupler 100, comprising:

a first conductor 101;
an insulator 102 surrounding said first conductor 101 having an outer surface;
a second conductor 103 surrounding said insulator 102, the first and the second conductor being adapted for
power RF (radio-frequency) transmission;
a cavity 104 in said second conductor 103 extending to at least the outer surface of the insulator 102;
a third conductor 105 in a mounting position in the interior of said cavity 104 having a portion substantially
parallel to the first conductor and end portions substantially perpendicular to the first conductor 101, the third
conductor 103 being arranged for receiving a portion of said power RF transmission; and a filling element 106
made of a non-conductive material, for filling at least part of the cavity, permanently holding the third conductor
105 in said mounting position.

2. A directional coupler 100 as claimed in claim 1, wherein the insulator 102 is air.

3. A directional coupler 100 as claimed in claim 1, wherein the filling element 106 is made of milled Teflon (PTFE), or
molded Polyethylene or Fluorinated Ethylene Propylene (FEP).

4. A directional coupler 100 as claimed in claim 1, wherein said end portions of said third conductor 105 are connected
to a printed circuit board 109.

5. A voltage standing wave ratio (VSWR) measurement system, comprising:

a coax cable;
first and second directional couplers as claimed in claim 1, arranged at separate distances of said coax cable
and arranged for processing of the forward and reverse RF power transmission wave and calculating the VSWR ;

6. A directional coupler 100 as claimed in claim 1, wherein the distances between said third conductor 105 and said
first conductor 101 and the distance between said third conductor 105 and said second conductor 103 define
directivity values.

7. A coaxial cable comprising at least one directional coupler 100 as claimed in claim 1.

8. A method of producing a directional coupler 100, comprising the steps of:

- providing a coaxial cable, having a first conductor 101, an insulator 102 surrounding said first conductor 101
having an outer surface and a second conductor 103 surrounding said insulator 102;
- forming a cavity 104 in said second conductor 103 extending to at least the outer surface of the insulator 102;
- placing a third conductor 105 in the interior of said cavity 104 having a portion substantially parallel to the first
conductor 101 and end portions substantially perpendicular to said first conductor 101;
- filling at least part of said cavity 104 with a filling element for permanently holding the third conductor 105, said
filling element made of a non-conductive material.

9. A method of producing a directional coupler 100 as claimed in claim 9, wherein the filling element 106 is made of
milled Teflon (PTFE), or molded Polyethylene or Flurorinated Ethylene Propylene (FEP).

10. A method of producing a directional coupler 100 as claimed in claim 9, wherein the insulator 102 is air

(continued)

List of Reference Numerals

110 Distance between third and first conductor

111 Distance between third and second conductor
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