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Abstract—A design procedure of Ridge Gap Waveguide 
technology is proposed. The simulated results for Ka-band and 
above are compared with other technologies like Substrate 
Integrated Waveguide, microstrip or classical waveguide in 
terms of transmission losses. 
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I. INTRODUCTION 

The arrival of 5G services demands the use of an 
increasing bandwidth, which leads to better use of the 
electromagnetic spectrum. However, the spectrum is widely 
occupied by other services up to K-band frequencies. 
Therefore, it is inevitable to use technologies that make the 
use of spectrum be feasible at Ka-band frequencies and above. 
5G mass deployment requires solutions for working in desired 
frequency bands with low cost manufacturing. Printed 
substrate based technologies are good candidates. 
Nevertheless, printed substrate technologies, as stripline or 
microstrip, exhibit high transmission losses at high 
frequencies due to the presence of dielectric. At high 
frequencies, printed technologies have been replaced by 
waveguide. This technology is based on electromagnetic 
waves propagation in a rectangular, cylindrical or elliptical 
metal cavity, which suppose extremely low transmission 
losses. However, materials and manufacturing mechanisms 
are expensive and the resulting structures are heavy and 
bulky. This makes waveguides incompatible with the 
development and mass production of small and low cost 
technology. 

In recent years various technologies have been emerged, 
such as Substrate Integrated Waveguide (SIW) or Ridge Gap 
Waveguide (RGW), that present the solution through printed 
structures that emulate the waveguides. These new 
technologies are becoming globally important because they 
offer good performance in terms of low weight, low profile 
and low losses, and a low cost fabrication on a massive scale 
over other printed technologies or classical waveguides. The 
SIW technology involves synthesizing a substrate integrated 
structure with a similar waveguide behavior. To this end, it is 
used metallized via holes which connect the upper and lower 
metal plates of the substrate, so that it is obtained a path in 
which the wave propagates [1][2]. As for the RGW 
technology, it tries to solve the dielectric losses problems that 

occur at high frequencies in SIW, due to the wave propagation 
within a dielectric substrate. RGW uses a waveguide with a 
central ridge on which the side walls are replaced by a 
metamaterial surface. This surface prevents the transmission 
of power in the transverse direction and confines the wave 
around the central ridge [3] [4]. Both technologies have to 
undergo a process of maturation and consolidation to meet 
new 5G needs. 

The main objective of this paper is to propose a design 
procedure for RGW technology in a given frequency band and 
to compare the transmission losses at high frequencies 
between different technologies. 

II. RGW DESIGN 

The design of Ridge Gap Waveguide is still more laborious 
than SIW, which derives from a well-known procedure [5]. 
RGB is based on the use of metamaterial that blocks the 
transmission of the fields along the transversal direction, 
concentrating it in the longitudinal direction guided by a metal 
ridge. 

Fig. 1. RGW scheme design. Source: [6] 

Methods for designing of ridge waveguide [7], SIW and 
PEC over PMC based on metamaterials [8] are combined. 

A. PEC over PMC 

First of all, it is chosen the desired frequency band that will 
be used. The transversal propagation in this band must be 
forbidden, which is achieved when the metamaterial structure, 
based on a bed of nails, behaves like PMC. As approximation, 
TM modes are forbidden when the height of the via holes d in 



the dielectric is λ/4, where λ is the wavelength in the dielectric. 
TE modes cannot propagate if the total dimension between 
metal plates is b=d+h<λ/2, which corresponds to the cutoff 
frequency of the first TE mode. In this case, we have two 
different mediums and the cutoff frequency is an 
approximation valid if h<<d due to εeff εr. If this condition is 
not fulfilled, it can be used a better approximation based on an 
inhomogeneously filled parallel-plate transmission line found 
in [9]. This creates an artificial PEC over PMC surface which 
blocks the propagation when the air gap h between them is 
typically smaller than λ/4. A detailed analysis of this bed of 
nails structures is found in [10], [11] and [12]. 
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Fig. 2. Metamaterial structure. Front view (a) and top view (b). 

In Fig. 2, h is the air gap between PEC and PMC 
metamaterial surfaces, d is the thickness of the dielectric 
substrate used to perform the PMC surface, D is the diameter 
of the via holes in the dielectric metamaterial, pL is the periodic 
longitudinal separation of the vias and pT is the periodic 
transversal separation between them. It is performed some 
simulations sweeping the d and h parameters with CST in 
order to determine the effect of the variations in each of them, 
using RO4350B substrate (εr = 3.66). The dimensions for pL, 
pT, and D will be calculated on the basis of empirical results. 

1) Dielectric thickness d sweep (h=1mm;p=0.5mm;D=0.2mm) 

Fig. 3. Stop band on RGW depending on the dielectric thickness. 

In Fig. 3, it is shown the stop bands in the dispersion grid, 
which are found in the corresponding frequencies around odd 

multiples of a quarter wavelength in the dielectric substrate d 
in mm. 

In the next figures, it is represented the starting and ending 
frequencies of the first stop band, and the relation between the 
dielectric thickness and the wavelength in the effective 
medium. 

Frequency range of the stop band 
Relation between wavelengths and thicknesses 

(a) (b) 
Fig. 4. Start and end cutoff frequencies (a) and the equivalent wavelength in 

the dielectric (b). Dielectric thickness sweeping. 

It is tested that the band gap moves in frequency with a 
relation of approximately 0.25 between the dielectric thickness 
and the wavelength for the start frequency and 0.5 between the 
sum of the dielectric thickness and the air gap and the 
wavelength for the end frequency. The curves in Fig. 4 differ 
slightly from the theoretical values because the structure 
begins or ends stopping the fields also at near frequencies. The 
approximation applied in the calculation of Aend is worse for 
small values of d because of the difference between eeff and sr 
is not negligible (Fig. 4 (b)). 

2) Gap thickness h sweep (d=1.5 mm; p=0.5mm;D=0.2mm) 

Fig. 5. Stop band on RGW depending on the air gap thickness. 

The band is wider for smaller values of the air gap h, as 
Fig. 5 shows, due to the value of b=d+h is smaller and then the 
cutoff frequency of the first TE mode increase. The frequency 
band is represented depending on h in Fig. 6. 

The relations between medium thicknesses and the 
wavelength in the medium are maintained to 0.25 and 0.5 
respectively. As the value of h increases, the wavelength and 
total thickness relation separates from the 0.5 value due to the 
fact that the effective dielectric constant changes and the 
approximation to εr is not valid (Fig. 6 (b)). 
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Frequency range of the stop band Relation between wavelengths and thicknesses 
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Fig. 6. Start and end cutoff frequencies (a) and the equivalent wavelength in 
the dielectric (b). Air gap thickness sweeping. 

The stop bandwidth limit occurs when h tends to 0, being 
the final stop frequency one octave above the initial frequency. 
In this case, the limits are 26.13 GHz and 52.3 GHz, although 
in Fig. 6 (a) they are a bit different because the structure stops 
fields also when frequency is approaching those limits. 

Then, the selection of d and h is based on the equations (2) 
and (3). 

Being: 

¿start 

d = ¿start/* 
b = d + h = Xend/2 > Astart/2 

andl e n í í 

(2) 
(3) 

fstart-J^ fend^ff fender 
ifh« 

Nevertheless, the relation h/b will affect the design of the 
ridge waveguide in the next step. Apart from that, the value of 
d must be a standardized thickness given by the substrate 
manufacturer, which is RO4350B in this case. The election 
must have this in account, so it is chosen a stop band centered 
in 32 GHz with limits in 25.7 GHz and 40 GHz. The results for 
the variation of dielectric and gap air thicknesses are similar to 
those obtained in [12]. As explained in [12], the relation 
between the radius of the pins r=D/2 and their periodicity 
p=pT=pL both in transversal and longitudinal directions 
determines the final bandwidth of the stop band. In Fig. 6 and 
Fig. 8 in [12], a maximum bandwidth has been obtained for 
values of r/p from 0.05 to 0.2 depending on the air gap h. Also, 
a maximum bandwidth occurs when the radius is about 
0.075λ0, with λ0 at the central frequency of the stop band (f0 = 
32 GHz) in the dielectric substrate. The obtained values are 
shown in Table I. 

TABLE I. DESIGN PARAMETERS FOR P E C OVER P M C METAMATERIAL 

Design parameters 
d—1.524 mm 

r=0.075X0=0.36 mm 
h—OA mm 
r/p=0.15 

h/b~0.2 
p=2.5 mm 

B. Ridge waveguide 

The design of the ridge waveguide depends on 
parameters shown in Fig. 7. 
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Fig. 7. Ridge waveguide paremeters. 

The calculations are found in [7] and it summarizes the results 
in different curves depending on the cutoff wavelength of the 
TE10 mode in the ridge waveguide. It is necessary to consider 
that using a metalized substrate supposes a reduction of the air 
gap over the ridge, due to a copper foil which is added over 
the substrate. The thickness of this foil is 0.035 mm in this 
case, so the actual value of air gap is h=0.365 mm. 

From Fig.5 in [7] it can be obtained the values of a and s 
for a standard relation b/a=0.45. If the relation b/a is different 
it must be applied a correction given by Fig. 8 in [7]. Fig.5 
relates the values of h/b, s/a and λc/a. This leads to a four way 
trade-off. For values of h/b smaller than 0.2 the curves have a 
rapid variation, which implies that a small error in the 
manufacturing may produces important deviations in the final 
result. For values higher than 0.3 the slope of the curves is 
small, but the effective permittivity constant between 
dielectric and air cannot be approximated by the permittivity 
in the dielectric and the real λc will be different. For the s/a 
parameter it is convenient those values in which the slope of 
the curves are near to zero in order to avoid several 
manufacturing deviations. Also, the value of λc/a, which is 
maximum in zero slope neighborhood, is better the bigger due 
to the final design will have a reduced size for a given cutoff 
frequency. The b/a value affects to the final cutoff frequency 
due to bigger values than the standard 0.45 suppose an 
increment of the final corrected λc/a parameter, and smaller 
values suppose a decrement. Finally, after a trade-off analysis 
it is possible to obtain all the design parameters of the ridge 
waveguide. λc will be calculated with a dielectric constant 
equals to unity because the main part of the field energy is 
propagated above the ridge in the air gap. It is chosen a cutoff 
frequency of fc=20 GHz in order to the propagation occurs at 
the frequencies of the dispersive PEC over PMC stop band. 
The bandwidth of the ridge waveguide is wider than the 
conventional rectangular waveguide, so there are no problems 
due to the propagation of higher modes until the 40 GHz limit 
of the band stop. It is obtained the results shown in Table II: 

TABLE II. DESIGN PARAMETERS FOR RIDGE WAVEGUIDE 

Choice of parameters 
h/b=0.2 Xc=c/fc=15mm b/a=0.55 Ác/a=4.29 

Ác/a= XJao+(b/a-0.45yFo where A/QQ and F0 depend on s/a 

Values from curves in Fig.5, Fig.6, Fig.7 and Fig. 8 in [2] 
Choice of s/a to obtain the desired λc/a: s/a=0.5; F0=0.9 (h/b=0.2) 

λc/a0=4.2 (TE10) λc1/a0=1.3 (TE20) λc2/a0=0.9 (TE30) 
Corrected values adding (b/a-0.45)-Fo=O.Q9 correction 

Ác/a=4.29 (TE¡o) \ Xc¡/a=1.39 (TE2o) \ XC2/a=0.99 (TE30) 

Final ridge waveguide parameters 
a=3.5 mm s=1.75 mm b=1.924 mm h=0.365 mm 

d/A Start frequency 
End frequency (d+h)/ k 

0.5 
Air gap h (mm) Air gap h (mm) 

C L C 



High order modes cutoff 
freque ncie s 

fc(TE20)=61.7 
GHz 

fc(TE30)=86.6 
GHz 

Cutoff frequencies for higher 
modes are above the desired 
band, so the fundamental mode 
propagation will not be affected. 

C. Bed of nails and ridge waveguide combination over 
dielectric substrate. A SIW approach. 

The next step is to determine the separation between the 
bed of nails design and the central ridge. The internal structure 
scheme is shown in Fig. 8. 
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Fig. 8. Front view of ridge gap waveguide. Relation between ridge 
waveguide and bed of nails structure. 

Having this in account, it is used the design expression for 
SIW (4). 

a = Weff = W 
4r2 

4.6789 
(4) 

Being weff the width of the waveguide and w the width of 
the equivalent SIW. weff is supposed to be equal to the ridge 
waveguide width a=3.5 mm. r and p parameters have already 
been obtained (r=0.37mm and p=2.5mm). The design 
separation value w between first rows of lateral nails is shown 
in Table III. 

TABLE III. BED OF NAILS AND RIDGE RELATION 

Design parameters 
wefr=3.5 mm r=0.37 mm p=2.5 mm w=3.73 mm 

This is obvious that for a compact design it should be used 
a reduced number of pins rows for the bed of nails structure. 
As a first approximation it is used only two rows in each side 
of the ridge, considering that the variation of the metamaterial 
behavior will be negligible. 

The ridge cannot be a solid piece of metal because of it is 
used a dielectric substrate. Then, the solid ridge is substituted 
by a row of metallized via holes that connect a strip over the 
dielectric with the bottom metal plate. 

m ' 

(a) (b) 

Fig. 9. Internal structure of the ridge for substrate-based manufacturing. 
Lateral view (a) and front view (b). 

In Fig. 9 (a) and (b) it is shown the internal structure of the 
ridge. The m parameter corresponds to the periodic separation 
between pins and n is their diameter. In the manufacturing 

process some metal can exceed the border of the via hole, so 
the diameter should be smaller than de ridge width. 
Meanwhile, the separation gap between via holes should be 
smaller than the minimum wavelength in the working band in 
order to the ridge seems homogeneous. The values for m and n 
have been chosen in Table IV: 

TABLE IV. DESIGN PARAMETERS FOR INTERNAL STRUCTURE OF RIDGE 

Central ridge structure 

n=s-3/4=1.3 mm m=n-5/4=1.64 mm 

m-n=0.34 mm«Ám¡n=3.9 mm 

With this step, the design of the ridge gap waveguide for 
the desired band of frequencies have concluded. Now, a 
simulation of the design is performed in CST. 

I I I . R G W RESULTS 

The R G W has been modeled in C S T with the obtained 
parameters and a total length of L = 36 mm, which is about 
two times the largest wavelength in the band. 

Fig. 10. Results of the RGW design. 

The expected band goes from 25.7 GHz and 40 GHz, but, 
as it is said, the radius and separation between pins have been 
selected in order to increase the bandwidth. Because of this, 
the simulated band is wider from 22.5 GHz and 41.4 GHz at 3 
dB. 

I V . COMPARISON BETWEEN TECHNOLOGIES 

The main objective of this paper is to compare the 
transmission losses between R G W , S I W , rectangular 
waveguide and microstrip technologies at high frequencies. 
Different models of each technology have been designed and 
simulated in order to obtain their losses per unity of length in 
function of the frequency. It has been used a dielectric with 
dielectric constant εr=3.66 and loss tangent tanδ=0.0037 
(RO4350B substrate). It is considered that both parameters εr 
and tanδ are constant in frequency. Curves for air-filled and 
dielectric-filled have been plotted for S I W and waveguide. 
The results are shown in Fig. 11 (a) and (b). 



Microstrip (MS), SIW over dielectric and dielectric-filled 
waveguide (WG) show similar results due to high losses in the 
dielectric when frequency increases. SIW over air and air-
filled waveguide show the best results with losses lower than 
0.02 dB/cm but manufacturing process is more expensive than 
solutions based on printed technologies over dielectric 
substrate. 

Transmission losses in RGW, SIW, waveguide and microstrip 

0.7 

0.5 

0.3 

0.1 

0 

• 

* 
0 

RGW 

SIWe=3.66 r 

SIWe=1 r 

WG e =3.66 r 

WGe=1 r 
MS 1.524mm 
MS 0.508mm 

ifr - - - a - - - - - c ^ ^ - B - . <.-a-. -=&-: 
20 30 40 50 60 70 

Frequency (GHz) 
80 90 100 

Fig. 11. (a) Comparison of transmission losses between RGW, SIW, 
rectangular waveguide and microstrip. 

Detail of SIW and waveguide over air 
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Fig. 11. (b) Detail of transmission losses in SIW over air and air-filled 
waveguide. 

It is found that RGW technology provides better results 
than SIW when dielectric substrate is employed. This is 
because most of the energy in RGW is propagated through the 
air gap over the ridge and, in consecuence, dielectric losses 
are much smaller than in SIW. However, losses due to the 
central ridge conductor increase with frequency and it is not 
possible to achieve losses levels comparable to SIW over air. 

Prototype construction and measured results will be 
presented in EuCAP 2016 Conference in Davos, Switzerland. 

V. CONCLUSIONS 

The research of inexpensive technologies that provide low 
transmission losses at frequencies in Ka band and above is 
one of the main objectives to address the challenges arising 
from the development of 5G. In this paper, different 
technologies have been compared at high frequencies. Among 
them, RGW stands out due to its low losses versus easy and 
low cost manufacturing relation. It is also proposed a design 

procedure of R G W in order to achieve those low losses 
properties in the desired frequency band. 
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