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Abstract—This paper presents the design of microstrip-ridge 

gap waveguide using via holes in PCBs, a solution for high 
frequency circuits. The study includes how to define the 
numerical ports, pin sensitivity, losses, and also a comparison 
with performance of normal microstrip line and inverted 
microstrip lines. The results are produced using commercially 
available EM simulators. A WR-15 to microstrip-ridge gap 
waveguide transition was also designed. The results are verified 
with measurements on microstrip-ridge gap waveguides with 
WR15 transitions at both ends.  
 

Index Terms— Gap Waveguide, Inverted Microstip Line, 
Microstrip Line. 
 

I. INTRODUCTION 
EALIZATION of all kinds of waveguides at high 
frequencies above 40 GHz is a manufacturing challenge. 

Mechanical tolerances become critical and limit the 
performance. Recently, the gap waveguide technology was 
introduced for making low loss circuits at millimeter and sub-
millimeter waves [1]-[3], where the theoretical background 
was presented in [1][2] and experimental verification in [3]. 
There are basically three different kinds of gap waveguides 
that can be formed between parallel metal plates, as described 
in [2], i.e., groove, ridge and microstrip gap waveguides. The 
principle of operation is based on creating invisible magnetic 
walls in the form of a parallel-plate cut-off on both sides of 
these grooves, ridges or microstrip lines, by using quasi-
periodic elements like metal pins or mushrooms as studied in 
[4]. The gap waveguides provide low loss propagation for 
designing microwave circuits, but the technology can also be 
used to package normal microstrip circuits [5] and active 
microwave modules [6]. Such packaging normally improves 
performance compared to the unpackaged case and packaging 
involving absorbers, such as demonstrated in [6] and for 
microstrip filters in [7]. The gap waveguide has a special 
advantage when packaging inverted microstrip lines [8]. Such 
inverted microstrip gap waveguide line is realized by having a 
dielectric layer over a periodic pattern of pins [2], and there is 
an air gap between the top metal plate and the substrate 
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material supporting the microstrip line. The pin structure 
works as an artificial magnetic surface (AMC), so the inverted 
microstrip gap waveguide is an AMC-packaged inverted (or 
suspended) microstrip line [9].  

In a high-gain gap waveguide array antenna at 60 GHz we 
would like to realize the distribution network in gap 
waveguide and have slots in the smooth upper plate that 
couple to directive radiating elements, e.g., in the form of 
cavity-backed 2x2 slot arrays like in [10]. We would also like 
to have a transition to WR15 in the lower textured plate, for 
connection to the transmitting and receiving amplifiers. We 
can excite radiating elements over a large 15% bandwidth 
from inverted microstrip gap waveguide, e.g., as reported in 
[11]. However, we did not succeed in realizing a wideband 
WR15 transition to the rear side from the inverted microstrip 
gap waveguide, as also explained in [10], whereas we 
managed to do it in the present microstrip-ridge gap 
waveguide. Therefore, we chose the microstrip-ridge gap 
waveguide for the antenna in [10]. The present paper shows 
the design of this wideband WR15 transition, and contains in 
addition a theoretical and experimental study of the losses in 
the microstrip-ridge gap waveguide. 

 
 

 
Figure 1Basic configuration of microstrip-ridge gap waveguide. 

 Thus, we are presenting here the design and demonstration 
of microstrip-ridge gap waveguide. This is obtained by using a 
substrate with ground plane and shorting the inverted 
microstrip line periodically by metalized via holes to this 
ground plane. The AMC layer is created by a periodic pattern 
of metalized via holes in the same substrate, like in [12]. The 
AMC-type via-hole surface produces together with the upper 
metal surface a stopband for all types of parallel-plate modes 
in the air gap, except for the quasi-TEM mode along the 
inverted microstrip line (i.e., the metal strip).  
 The numerical design of microstrip-ridge gap waveguides is 
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complicated because there are no ports in common EM solvers 
that are suitable for its specific quasi-periodic geometry [13]. 
Therefore, this paper also addresses how to define the 
numerical ports in the microstrip-ridge gap waveguide, and 
also a study of its sensitivity to the pin locations. We will also 
compare the performance of microstrip-ridge gap waveguide 
with normal microstrip lines and inverted microstrip lines in 
terms of the losses suffered by the line at 60 GHz. The 
calculated results in this paper are produced using CST 
Microwave Studio [14]. 

II. GEOMETRY AND MODELING 
The geometry of the microstrip-ridge gap waveguide with via 
holes is shown in Figure 1. The strip at the surface of the 
substrate is connected to the ground plane through quasi-
periodic via holes. The periodic pattern of via holes in the 
substrate material on both sides of the microstrip line creates a 
PMC layer that prohibits waves from propagating in the air 
gap between the PCB and the upper metal plate, except for 
waves following the inverted microstrip line in the form of a 
quasi-TEM mode. The via holes work similarly to a pin 
surface does, with pin height of 0.508 mm and diameter 0.25 
mm. The diameter of the pad at the top of the via-hole is 
0.7588 mm. The distance between two vias is 1.0 mm. The 
substrate material is 0.508 mm thick Rogers RO3003 having εr 
equal to 3.0. The air gap is 0.25 mm. The dispersion diagram 
determines the major characteristics of the gap waveguide. By 
using the Eigen mode solver in CST microwave studio, the 
dispersion diagram is calculated as a function of frequency for 
specific choices of dimensions of the gap waveguide, as 
shown in Figure 2a. We see that the stopband of the parallel-
plate modes for this specific case is between 45 and 72 GHz 
and within this band only one single inverted microstrip mode 
is propagating. 
 For the case of gap waveguide realized with metallic pins, 
the stopband is mainly controlled by the air gap, and the 
height, width and period of the pins [4]. In the present case the 
diameter of the pads on the top of the via-hole pins, and the 
relative permittivity of the PCB, also affect the stopband. The 
pads appear due to the metallization process of the via-hole 
and cannot be avoided. The substrate material was chosen to 
be RO3003 in order to cost-effectively minimize the losses in 
the microstrip-ridge gap waveguide. Such losses are present 
even for the inverted microstrip geometry as discussed in more 
detail in section IV. Figure 2b shows a study summarizing the 
effect of the pad diameter. It can clearly be seen that, by 
keeping the period and via-hole diameter fixed, an increase in 
the pad diameter will shift the stopband toward lower 
frequencies.  

A. Port Definition and Simulated Results 
The definition of a good numerical waveguide port for the 
microstrip-ridge gap waveguide is not easy, in the sense that 
we need to modify the via-hole under the strip in front of the 
port in order to make it work well. This modification was done 
in order to match the numerical rectangular waveguide port to 
the microstrip-ridge gap waveguide, as shown in Figure 3. 
Using Ansoft HFSS [15], we found that the available lumped 

port was well matched with the microstrip-ridge gap 
waveguide, but the equivalent of this port in CST [14] was not 
working well. So, we used the rectangular waveguide port in 
CST and matched it by using a small finite length rectangular 
block just in front of the port, starting from the edge of the 
strip. The width of the rectangular block is the same as that of 
the diameter of a via hole. 
 

 
(a) 

 
(b) 

Figure 2a) Dispersion diagram of microstrip-ridge gap 
waveguide. b) Dispersion diagram for various pad diameters. 

 

 
Figure 3 Port definition for the microstrip-ridge gap waveguide. 

    Similarly, we also did a study of the width and the location 
of the waveguide port relative to the first row of pins. For this 
purpose, we considered a straight microstrip-ridge line and 
connected numerical ports at both ends of it. The most 
important parameters for this study are shown in Figure 4.  
The best results are when  is 4 15⁄  and  is 2 15⁄ , where 

 is the spacing between two via-holes and  is the thickness 
of the substrate , as shown in Figure 3. The criterion of the 
selection was the minimum reflection coefficient within the 
stopband. The simulated S-parameters are shown in Figure 5. 
It can be seen that the reflection coefficient is below -20 dB 
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over the desired bandwidth of 57-66 GHz, and S21 is about -
0.2 dB. This shows that the numerical ports are reasonably 
well matched with the line. The transmission losses become 
almost twice as large if the length of the line is doubled, so 
there are noticeable ohmic losses in the line. 
We accepted the numerical port to be good enough for 
designing microstrip-ridge gap waveguides using CST 
Microwave Studio. The port could have been better, but the 
results of the circuits were in the end quite good anyway. We 
were not able to match equally well the corresponding 
rectangular waveguide port in HFSS. 
 

 
Figure 4 Definition of port geometry relative to the vias and 
microstrip line, cross-sectional view (lower case) and top view 
(Upper case) 

 
Figure 5 Simulated S–parameters of the microstrip-ridge 
waveguide. 

B. Design of 90o bend 
The locations of the via-holes around a 90o bend are very 

critical to get good performance. This is important because 
mechanically there is a minimum mechanical spacing which is 
allowed between the via-holes, determined by the 
manufacturing process. At the same time the via-holes at the 
corner of the bend must be close enough to each other to avoid 
any resonant cavities. This maximum spacing is known from 
the Eigen mode unit cell simulations. We tuned the via-hole 
locations inside the marked area in Figure 6, to obtain the 
lowest S11 and highest S21 over the whole bandwidth. 
Similarly, we tuned mitering of the bend (shown by the darker 
region of the line) in order to minimize its effect. The 
simulated S-parameters before and after the tuning are shown 
in Figure 7. Again, the final simulated S11 is below -20 dB 
over 57-66 GHz and S21 is about -0.2 dB. 

 

 
Figure 6 Geometry of the 90o bend, with the area of tuned pins 
and portion of bend. 

 
Figure 7 Simulated S–parameters of the microstrip-ridge gap 
waveguide 90o bend with and without tuning of pins location at 
the corner and mitered bend. 

C. Sensitivity due to Via Hole Location 
We show in Figure 5 the simulated S11 and S21 of a simple 

straight microstrip-ridge gap waveguide and of a 90o bend in 
Figure 7. The transmission coefficient is better than -0.3 dB 
over the desired frequency band whereas S11 is below -20dB. 
In this section we will discuss how sensitive the line is with 
respect to the displacement of the via-hole locations. 

For this purpose we have considered two examples. The 
first example is using a straight line, and we will displace each 
pin in each column as shown in Figure 8. First, we displace 
only the first pin (nearest to the line) and the effect is shown in 
Figure 9a. Similarly the effect by displacing the second and 
third pin is also shown in Figure 9a. It can clearly be seen that 
the first pin has the most significant effect on the performance 
of line where the change in S11 is more than 8 dB. This effect 
is produced when the via is moved about 0.15 mm towards the 
line. The degradation is increased to 2 dB when the via is 
moved 0.2 mm away from the line. Similarly, by displacing 
the via-hole 0.2 mm along the line there will be a change of 3 
dB in S11. 

 
Figure 8 Displacement of via-holes along the line. 
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(a) 

 
(b) 

Figure 9 Variation in S11and S21 with respect to displacement, (a) 
single via-hole in each column, (b) all via-holes. 

The variation in S11 due to the second and third pin is within 
3 dB when moving in different directions. Another way to 
look at the variations is by keeping the location of the strip 
fixed and displacing all the via-holes along x-axis (see Figure 
8). Figure 9b show the variations in the S-parameters due to 
the displacement of all the via-holes. The worst case is when 
the pads of the via-holes touch the strip. Similarly, we have 
considered another example in which we displace the pins at 
the corner of the bend as shown in Figure 10. While realizing 
the 90o bend in microstrip-ridge gap waveguide, we found that 
the performance of the bend is very sensitive to the via-holes 
close to the bend. For this study we have selected a set of via-
holes for each of the first three rows of pins at the corner of 
the 90o bend. 

 

 
Figure 10 Displacement of via-holes at the corner of 90o bend. 

Figure 11-13 show the variations in S11 and S21 caused by 
moving the pins at the bend. It can easily be observed that the 
middle pin in the 1st set has the most significant effect, if 
displaced by 0.2 mm, where the variation in S11 is about 20 
dB. The displacement of the remaining via holes cause 
variation in S11 of 3 dB. The width of the strip is very wide in 
comparison with that of normal microstrip lines at these 
frequencies, because microstrip-type gap waveguide do not 
have problems with surface waves and radiation that appear in 
normal microstrip circuits when wide lines and thick 
substrates are used. The wider metal strips make the metal 
losses much smaller than the metal losses of narrow microstrip 
lines, and at high frequencies it becomes also easier to realize 
circuits when the metal strips are wide. The comparison of the 
microstrip-ridge gap waveguide with normal microstrip and 
inverted microstrip line will be present in the next section. 

 

 
Figure 11 Variation in S11 and S21 with respect to displacement of 
1st set of pins at corner of 90o bend. 

 
Figure 12 Variation in S11 and S21 with respect to displacement of 
2nd set of pins at corner of 90o bend. 

III. COMPARISON BETWEEN MICROSTRIP-RIDGE GAP LINE, 
NORMAL MICROSTRIP LINE AND INVERTED MICROSTRIP LINE 

 Microstrip lines are most commonly used in microwave 
integrated circuits [16], besides coplanar waveguides. 
Microstrip line losses consist of both conductor and dielectric 
losses. In addition, there are radiation losses due to 
discontinuities (such as open circuits, short circuits and bends) 
and losses due to surface waves [16]. The latter is in particular 
large for large substrate thicknesses. The dielectric losses 
themselves do not depend on the thickness of the substrate and 
its dimensions, whereas the conductor losses reduce inversely 
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proportional to the line width (for constant line impedance). 
The conductor losses include the actual conductance of the 
material, the frequency dependent skin effect losses, and the 
losses due to the roughness of the surface (random scratches 
and bumps) [17].  The skin depth and overall effect of 
conductivity depends also on any type of protection used 
against the verdigris patina on copper surfaces. 
 

 
Figure 13 Variation in S11 and S21 with respect to displacement of 
3rd set of pins at corner of 90o bend. 

Figure 14 shows an example of the losses suffered by a 3 
cm long microstrip line with two 90o bends when realized with 
different combinations of materials. Obviously, the best is the 
case when the conductor is a Perfect Electric Conductor (PEC) 
and the dielectric material is lossless. The “lossless” substrate 
cases in this and later graphs are simply modeled by setting 
the loss tangent of the material to zero. The transmission 
coefficient for this “PEC and lossless substrate” case is about -
0.75 dB at 60 GHz. Since the materials are assumed to be 
lossless, the only contributions to the losses in this case are 
surface waves and radiation losses at the bends, in addition to 
the mismatch factor. The loss increases by 0.5 dB, if we use 
copper instead of PEC. This loss is much larger than the case 
when the dielectric become lossy and the conductor remains 
PEC. Together, the lossy dielectric and copper give a loss of 
nearly 0.75 dB everywhere within the bandwidth. This 
example clearly shows that the combined losses due to the 
conductor and the surface waves and radiation are much larger 
than the losses due to the dielectric at high frequencies, 
provided a low loss substrate like RO 3003 is used. 

 
Figure 14 S-parameters of microstrip line, with lossy/lossless 
conductor and lossy/lossless dielectric. 

Similarly, the inverted microstrip line can be used as a low 
loss line [18]. Figure 15 shows the simulated S11 and S21 of a 
microstrip line and an inverted microstrip line of similar strip 

width, air gap and length as the microstrip-ridge gap 
waveguide. The width of the strip, length, and air gap is 
1.1176 mm, 15 mm, and 0.25 mm, respectively. It can clearly 
be seen that, with similar widths, the microstrip-ridge gap 
waveguide has much lower transmission losses. The overall 
losses can be reduced in microstrip line and inverted 
microstrip line, if we reduce the substrate thickness so that the 
width of the lines can be reduced by factors two and four of 
that of the microstrip-ridge gap waveguide, but the microstrip-
ridge gap waveguide is still much better. The results are 
shown in Figure 16. 

 
Figure 15 Simulated S11 and S21 of 2 x 90o bend of microstrip-
ridge gap waveguide, microstrip line and inverted microstrip line 
of similar width, using copper as conductor and RO 3003 as 
dielectric material. 

 
(a) 

 
(b) 

Figure 16 Simulated S11 and S21 of 2 x 90o bend of microstrip-
ridge gap waveguide, microstrip line and inverted microstrip 
line.(a) The width of the microstrip line and the inverted 
microstrip line is half of that in Figure 15, using copper as 
conductor and RO 3003 as dielectric material. (b) The width of 
the microstrip line and the inverted microstrip line is one quarter 
of that in Figure 15. 
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waveguide to WR-15 over the desired bandwidth of 57-66 
GHz.  The simulated S-parameters are shown in Figure 20c. 

VI. VALIDATION BY MEASUREMENTS 
The performances of the 60 GHz microstrip-ridge gap 
waveguide and its transition to WR15 were validated by S-
parameter measurements of some test circuits. Photographs of 
the test circuits are shown in Figure 21. In the first set of 
prototypes, the copper lines on the PCBs were unfortunately 
plated with Electroless nickel immersion gold (ENIG), which 
is standard for PCBs. This gave very high losses, because of 
the poor conductivity of nickel. It also caused a shift in the 
frequency band of S11. In the second set of prototypes the 
copper traces were plated with silver. In the selected graphs 
we show only results for the second set of prototypes. 
 

 
 

(a) 
 

 
(b) 

Figure 21 Photo of the test circuits manufactured. (a) 12 cm long 
line, (b) 12 cm long with 2 x 90o bend. 

A. Straight section 
Figure 22a shows a 12 cm long back-to-back microstrip-

ridge gap waveguide to WR-15 transition. The simulated and 
measured S-parameters (Figure 22b) of the second prototype 

show that the reflection coefficient is below -10 dB between 
56 and 67 GHz. This would for a low loss line mean that the 
single transition will be better than -16 dB over this band. 
However, the measured S21 shows about 0.7 dB more losses 
than the simulated -1.5 dB over the desired bandwidth. We 
believe that this difference in transmission coefficient is due to 
the perturbations of the currents on the microstrip lines caused 
by the via holes and related surface roughness. During 
simulation we modeled the upper surface of the microstrip-
ridge as smooth copper lines, but in reality it is plated by silver 
and has a lot of holes in it.  

 
(a) 

 
(b) 

Figure 22 Microstrip-ridge gap waveguide to WR-15 transition. 
a) 12 cm back-to-back configuration. b) S-parameters of the 
structure in a). 

The ENIG plating of the first prototype may have very 
little effect on the conductivity of normal microstrip lines, 
because then the propagation of the fields is within the 
dielectric material, so the currents on the microstrip lines are 
concentrated on their lower surfaces, which are attached to the 
substrate and contain no ENIG plating (except at the edges of 
the line). However, in our microstrip-ridge gap waveguide the 
fields are in the air gap above the substrate and the microstrip 
line, so that the current on the line will be on the ENIG-plated 
side of the copper. The transmission coefficient was below -
4.2 dB in that case, which is very low compared to the 
simulated results and the double of the loss in the second 
prototype without ENIG. 

B. Section with two 90° bends 
Similarly, we also manufactured microstrip-ridge gap 

waveguide with two 90o bends and with the same WR15 
transitions at both ends. The geometry and simulated and 
measured S-parameters for the second prototype without the 
ENIG coating are shown in Figure 23a. 

The size of each of the two circuits with 90o bends is 8.3 
cm x 4.3 cm, so the path for wave propagation is almost 12 cm 
long and similar to that we have for the straight line. The 
simulated and measured S11 is below -10 dB between 56 and 
67 GHz, and the simulated transmission coefficient is about -
1.5 dB, whereas the measured one is about -2.5 dB. We can 
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again explain the discrepancy between simulated and 
measured S21 as an effect of the via holes and related surface 
roughness. 

C. Effect of substrate thickness 
The substrates used in Figure 22a and in Figure 23a are 20 

mils thick, i.e., 0.508 mm. In order to make circuits more 
stable and firm, the microstrip-ridge gap waveguide can be 
made with thicker substrates as well. We have also analyzed 
the microstrip-ridge and via-hole pins realized on 30 mils 
(0.76 mm) thick substrate. The most important dimensions of 
the lines for the two substrate thicknesses are summarized in 
Table 2. 

 
(a) 

 
(b) 

Figure 23 Two 90o bends of microstrip-ridge gap waveguide to 
WR-15 transition. a) 8.3 cm x 4.3 cm back-to-back configuration. 
b) S-parameters of the structure. 

 
Figure 24 Simulated S-parameters straight microstrip-ridge gap 
waveguide with back-to-back transition, on 0.508 mm and 0.762 
mm thick RO3003 substrates. 

 
Figure 25 Simulated S-parameters two 90o bends of microstrip-
ridge gap waveguide with back-to-back transition, on 0.508 mm 
and 0.762 mm thick RO3003 substrates. 

 

 

Parameters 0.508 mm 
structure 

0.762 mm 
structure 

Gap_via 1.0 mm 0.8 mm 
D_Pad 0.762 mm 0.559 mm 
D_via 0.254 mm 0.254 mm 

Gap_Air 0.25 mm 0.25 mm 
H_RO3003 0.508 mm 0.762 mm 
Line Width 1.1176 mm 1.1176 mm 

Table 2 Important parameters of the microstrip-ridge gap 
waveguide. 

Figure 24 shows the simulated S-parameters of both the 
0.508 mm and 0.762 mm thick microstrip-ridge straight line of 
12 cm length. Although the reflection coefficient is better in 
the 0.508 mm line, this is slightly lossier than the 0.762 mm 
line. Similarly, Figure 25 compares the S-parameters of lines 
with two 90o bends on 0.508 mm and 0.762 mm substrates. 
The reflection coefficient is better for the 0.508 mm line but 
again the transmission coefficient is slightly better for the 
0.762 mm line case. The lengths of the lines are similar in 
both cases. 

D. Separating the losses in three parts 
The total losses in the measured microstrip-ridge gap 

waveguide circuits are composed of three different parts: the 
losses in a single transition to WR15 ( ), the losses of 
a single 90o bend ( , and the losses along the lines 
themselves. We have also manufactured and measured a short 
4cm long straight microstrip-ridge line with back-to-back 
transitions. The total losses (excluding the mismatch factor) 
for each of the three cases: short length straight line, 12 cm 
straight line, and two 90o bend can then be written as 

 2   , 
 2   , 
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2                   
 2 , 

respectively, where   is the losses per cm of the lines 
of the three different circuits, and ,  and  are the 
known lengths of the short line, the long line and the line with 
the two 90o bends, respectively. The three equations with the 
three unknowns  ,   and  can 
easily be solved. The simulated and measured   , 
which include both dielectric and conductive losses, are shown 
in the upper part of Figure 26. The simulated   is 
about 0.09 dB/cm, whereas the measured one is 0.18 dB/cm. 
Both the simulated and measured losses due to a single 
transition are about 0.2 dB, and the loss due to single bend is 
0.04 dB. We believe that the discrepancy between the 
simulated and measured line losses is due to surface roughness 
which include the actual microstructure of the surface of the 
conductor and the perturbations of the current flow on the 
microstrip lines caused by the via holes. The simulations are 
not accurate outside the stopband because there the fields are 
not bounded by any PMC walls, and, the numerical 
description of the geometry is incomplete outside the via holes 
region. This explains the erroneous transmission coefficient 
there, showing even amplification rather than loss. 

For comparison, a rectangular waveguide for 60 GHz was 
measured to have a loss of 0.04 dB/cm. Similarly, SIW line in 
a 0.762 mm RO3003 substrate would have a factor 1.3 larger 
conducive losses due to the smaller dimensions of dielectric-
filled waveguides, and additional dielectric losses of 0.1 
dB/cm, giving a total of about 0.15 dB/cm. Thus, the losses of 
SIW lines and microstrip-ridge gap waveguides are 
comparable. 

 
Figure 26 Losses in Microstrip-ridge gap waveguide which 
include losses in line (dB/cm) (top plot), losses in transition (dB) 
(middle plot) and losses at the 90o bend (dB) (bottom plot). 

VII. CONCLUSION 
We have done numerical studies and verified experimentally 
the complete performance of the microstrip-ridge gap 
waveguide realized in a PCB. The ridge is realized by a metal 
strip with metalized via-holes, and the AMC pin surface is 
realized by metalized via-holes with a pad at the top. The 
latter provide together with the top smooth metal plate the stop 
band for parallel-plate modes. The results have been compared 
with the conventional microstrip line and the inverted 
microstrip line, and we have found that the microstrip-ridge 

gap waveguide has lower losses. The reasons are that there is 
no substrate in the air gap region where the waves propagate, 
and that we can use much wider metal strip without having 
problems with radiation and surface waves. We experienced 
during the work that the reflection coefficient of bends in the 
line is strongly affected by the position of the via holes closest 
to the metal strip.  
 We have also presented a transition from microstrip-ridge 
gap waveguide to WR-15. This has been verified in a back-to-
back configuration with two straight microstrip-ridge gap 
waveguide lines of different lengths as well as one with two 
90o bends. The results show that the reflection coefficient S11 
is better than -10 dB over the design bandwidth of 57 – 66 
GHz in the back-to-back configuration. The measured 
transmission losses of the microstrip-ridge gap waveguide is 
low (0.18 dB/cm), but still about double the simulated losses, 
which we explain as an effect of the surface roughness and the 
via holes along the conducting strip. The WR15 transition has 
a loss of about 0.2 dB, and a 90° bend of 0.04 dB. Finally, we 
have compared microstrip-ridge gap waveguides realized on 
substrates of 0.508 mm and 0.762 mm thickness. We found 
that the 0.762 mm line have slightly lower transmission losses 
than the 0.508 mm line.  
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