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Abstract— Hybrid ring (or rat-race coupler) has found
many applications in millimeter and sub-millimeter wave
technology. This paper describes a new type of hybrid ring
realized in the ridge gap waveguide technology. The
advantages of the new gap waveguide hybrid ring are low
manufacture cost since the good electric contact between
metal plates is not required, and lower transmission loss
compared to microstrip line since there is no dielectric
material needed. In addition, the gap waveguide
technology opens up the possibility of waveguide
integration circuit from millimetre wave up to terahertz.
The focus of this work is on the realization of the new
hybrid ring at 16 GHz, for the sake of concept verification.
The simulated and measured results show that this
structure works well and has a frequency band of 2.5 GHz
around 16 GHz, with the reflection coefficient below -10dB
and the phase difference between two output ports of 180o
± 5o.

I. INTRODUCTION
Hybrid 3dB coupler (0o /180o) is often needed in feeding
networks for antennas [1]. Among different geometries of
hybrids, the hybrid ring (rat-race coupler) provides out-ofphase equal power division at the output ports with good
isolation between them [2] – [3]. However, for high frequency
applications, such as in millimetre wave, sub-millimetre wave
and up to terahertz, it is very challenging to realize a low-loss
and low-cost hybrid. By using rectangular waveguide, the
tolerance requirement and a good electric contact for the metal
waveguide walls impose difficulties for manufacture. On the
other hand, by using planar microstrip circuits, the loss in the
device is often unacceptable.
This paper proposes a new solution to 3 dB hybrid coupler,
potentially for high frequency applications - the gapwaveguide ring hybrid. Gap waveguide is a new planar
microwave circuit technology introduced recently [4]-[6]. By
using the gap waveguide technology to realize the hybrid,
there is no need to have good electric conduct between the top
metal plate and the low pin metal texture plate, and no
dielectric substrate. Therefore, the new hybrid has potential to
have low manufacture cost and low transmission loss in high
frequency applications.
The focus of this work is on the concept realization of the
new type hybrid. Therefore, a prototype at 16 GHz is designed
and manufactured. Simulations and measurements for this
prototype are presented in the paper for the verification of the

design. The reason for selecting this center frequency is that
the current model of coaxial SMA to rig gap waveguide
transition is applicable up to 18 GHz and to make and test gap
waveguide component at a higher frequency, 16 GHz is the
most suitable center frequency.
II. GEOMETRY AND DESIGN
The geometry of the new hybrid is a gap-waveguide ring
surrounded by metal pins which provide the parallel-plate stop
band; see Fig. 1. Since the wave propagation is suppressed in
any direction other than that along the conducting ridge [7],
mechanical joints for the two surfaces (the top flat metal plate
and the metal pin plate) can be applied at the locations away
from the propagation path, and it is not required to have a
good conducting contact at the joints. In this work, the
operating frequency band of 15-18 GHz has been chosen.

Fig. 1. Photo of the 15 – 17.5 GHz 3dB hybrid in ridge gape waveguide. The
texture plate showing the ring hybrid surrounded by metal pins.

The hybrid is excited by coaxial probes inserted from the
top plate. The height and width of the ridge are chosen as 5
mm and 2 mm, respectively, in order to have 50 Ω
characteristic impedance. The distance between the upper
plate and the ridge is 0.3 mm. A circular hole with a diameter
of 1.8 mm is made in the ridge and the inner conductor of the
coaxial probe is extended 3.75 mm down into the hole; see Fig.
2. All these parameters are decided through a parameter study
in order to have an optimal transition from the coaxial
connectors to the ridge gap waveguide.
The initial value of the width of the ridge ring is set as 1.35
mm according to width require to set √2 [8], where Z0 is
the characteristic impedance for the ridge ring and calculated

Port 4

Port 1

Port 2
Port 3

The probe
location in
1.8 mm hole
5 mm height
and 2 mm
width
1.95 mm width
Pins

Fig. 2. Geometry of the Ridge gap waveguide hybrid.
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Fig. 3 Simulated and measured reflection coefficient S11
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reflection coefficient is below -10 dB; the ohmic loss is very
low, the transmission loss is mainly due to the mismatch loss;
and the phase difference between the two output ports 2 and 4
is about 180o ± 5o as shown in Fig. 6.
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Fig. 4. Simulated & Measured transmission coefficient of port 1 to port 2
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by the formula for gap waveguide given in [7]. Then, a
parameter study through CST MS was carried out and an
optimal value of 1.95 mm for the maximum bandwidth was
obtained. The circumference of the ridge ring is 3 ⁄2 , where
λ is the wavelength of the frequency 16 GHz. The distances
between ports 1 and 2, ports 2 and 3, and ports 3 and 4 are the
same as ⁄4 , whereas the distance between ports 1 and 4
is 3 ⁄4. With these distances and matched ports, the incident
field at port 1 splits equally between the two output ports 2
and 4 with 180o phase difference, and port 3 is kept as an
isolated port. If the incident field is at port 3, it splits equally
between ports 2 and 4 with the same phase, and port 1 is then
the isolated port.
The height, width and the periodicity of the pins around the
ring have also been designed for the frequency of 15 GHz.
The detail drawing is shown in Fig. 2. It can be seen from Fig.
2 that some of the pins are not rectangular in shape. In order to
keep the same distance from the ridge circle as that from the
normal straight ridge some of the area has been removed from
the closest rectangular pins. Same procedure has been adopted
for the pins around port 2 and 3 as the ridges are not in align
with the pattern of pins.
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III. SIMULATED AND MEASURED RESULTS
In order to verify the design, a prototype was constructed,
where the ring and pins were made by milling a copper plate,
as shown in Fig. 1.
Measurements were performed using a Vector Network
analyser (E8363B PNA Network Analyser) over the
frequency range from 10 to 20 GHz. All simulations are
obtained by using CST MS. Figures 3 - 5 show the simulated
and measured reflection and transmission coefficients,
respectively, when port 1 is the input port. It can be observed
that the gap-waveguide ring hybrid has a very promising
performance over the band of 15.25 – 17.75 GHz: the
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Fig. 5. Simulated & Measured transmission coefficient of port 1 to port 4
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Fig. 6. Simulated & Measured phase difference of port 2 and port 4

for the 15.25 GHz to 17.75 GHz frequency bands.
Comparable measurement results have been obtained for a
manufactured hybrid prototype.
Phase Difference [S23 - S43] [Deg.]

Similarly, figures 7 - 9 show the simulated and measured
reflection and transmission coefficients, respectively, by
considering port 3 as the input port, obtained by using CST
MS. Again, it can be observed that the gap-waveguide ring
hybrid has a very promising performance over the band of
15.25 – 17.75 GHz. The measurement results follow the
simulation results quite well in all figures. The reflection
coefficient is below -10 dB; the ohmic loss seems very low;
and the phase difference between the two output ports 2 and 4
is about ± 5o. Nevertheless, without adding the complexity in
the conventional design parameters, the proposed structure is
the practical realization of the ridge gap waveguide
component.
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Fig. 8. Simulated & Measured transmission coefficient of port 3 to port 2
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Fig. 10. Simulated & Measured phase difference of port 2 and port 4
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Fig. 9. Simulated & Measured transmission coefficient of port 3 to port 4

IV. CONCLUSION
This paper proposes a new design of 3dB ring hybrid
realized in ridge gap waveguide structure. The approach
adopted was used to design low loss wideband rat-race balun

[8]
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