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In Part 1 of this multi-part series, we analyzed 3D electro-
magnetic (EM) simulations in the frequency domain of two 
of six implementations of a 5th-order, Chebyshev-type RF 
front-end bandpass filter for automotive radar applications. 
These involved the mmWave band from 76 to 81 GHz. Those 
implementations were rectangular metallic waveguides with 
H-plane iris and cylindrical posts, respectively. In Part 2, we 
continue our analyses with microstrip and stripline imple-
mentations.

Microstrip Type on Rogers RO3003G2
The next subject to tackle in our exploration of 3D EM 

simulations of bandpass filters is a microstrip design. The 
dielectric material used is Rogers RO3003G2 PTFE lami-
nate with a thickness of 127 µm. The filter’s layer stackup is 

shown in Figure 1, while its 2D geometry is shown in Figure 
2. The total length of the filter is 4.1 mm. 

Of the various types of microstrip bandpass filters, the 
hairpin filter is one of the most common. Its concept is the 
same as parallel-coupled, half-wavelength resonator filters. 
The advantage of a hairpin filter over end-coupled and 
parallel-coupled microstrip is how little space it consumes 
due to the folding of the half-wavelength resonator. Also, 
the hairpin design is simpler compared to the other types of 
microwave filters. The design methodology for this filter is 
well established.1,2 

The simulation was run on a 2.5D electromagnetic solver 
in the time domain. In doing so, we accounted for metal 
thickness as well as coupling between all combinations of 
the coupled lines. To achieve the 50-Ω terminations at the 
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When it comes to planar technologies for mmWave filtering in automotive radar 
applications, the fabrication technology makes a difference in terms of performance. 
This multi-part series delves into those differences.

1. Shown is the layer 

stackup of a microstrip 

filter built on Rogers 

RO3003G2 PTFE lami-

nate with a thickness of 

127 µm. 

2. This image depicts 

the 2D geometry of the 

microstrip filter. The 

concept of the hairpin 

filter, a commonly used 

geometry, is the same 

as parallel-coupled, 

half-wavelength reso-

nator filters.
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input/output ports, our model incorporated proper tapering 
(Fig. 2, again). Further, to simplify the optimization proce-
dure, all resonator lines are assumed to have the same width. 
We also accounted for key design rules of the PCB fabrica-

tion houses, such as minimum conductor width and mini-
mum coupled line spacing, so that the design is realistic and 
able to be fabricated.

The filter’s RF performance is shown in Figure 3. Due to 
the dielectric losses of the material used 
for fabrication and to radiation losses, 
the quality factor of this filter imple-
mentation isn’t as good as that of the 
metallic waveguide cases discussed in 
Part 1 of this series. It’s also why this 
stripline implementation’s selectivity 
doesn’t have the efficacy of those in the 
previous cases. 

Insertion and return loss exhibit me-
dium performance for the same rea-
sons. The maximum attenuation is 48 
dB at 70 GHz and 44 dB at 90 GHz. 
The performance could be slightly RF-
optimized by using Rogers RT5880 Du-
roid material instead of RO3003G2, but 
while the former has lower dielectric 

6. Here, we see a plot of the RF performance of the stripline filter.

. The microstrip filter’s RF performance suffers due to the dielectric losses of the material 

used for fabrication and to radiation losses. Hence, the quality factor of this filter implemen-

tation isn’t as good as the metallic waveguide cases discussed in Part 1 of this series.

4. Shown is the layer 

stackup of a stripline 

filter built on Rogers 

RO3003G2 PTFE lami-

nate with a thickness of 

254 µm. 

5. This drawing il lus-

trates the geometry of 

the stripline filter built on 

Rogers RO3003G2 PTFE 

laminate.
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losses, radiation losses would be about the same. The dis-
advantage of using RT5880 is its higher fabrication cost as 
well as the larger filter footprint—its dielectric constant is 
2.2 compared to 3.0 for RO3003G2.

Stripline Type on RO3003G2
Next, we turn to a stripline design approach using the same 

RO3003G2 dielectric material as in the microstrip case, but 
with a total thickness of 254 µm and filter length of 4.1 mm. 
The main reason for doubling the dielectric layer’s thickness 
is to enable fabrication of the filter’s physical layout. The pro-
cedure used is like the previous microstrip case.1,2 The layer 
stackup, 2D geometry, and RF performance are depicted in 
Figures 4, 5, and 6, respectively.

Due to the fact we have a radiation-shielded fabrication 
technology in this case, the radiation losses are minimized 
compared to the previous microstrip example. The dielec-
tric losses remain the same. From the RF performance of S-
parameters shown in Figure 6, it’s obvious that the frequency 
selectivity of this filter implementation is far better than that 
of the microstrip implementation. This is also true for the 
insertion and return losses. The maximum attenuation is 35 
dB at 70 GHz and 48 dB at 90 GHz. Once again, RF perfor-
mance could be a bit better if we used RT5880 Duroid mate-
rial for the dielectric. 

In Part 3 of this series, we will continue with simulation 
and analysis of substrate-integrated waveguide (SIW) filter 

implementations based on an H-plane iris and cylindrical 
posts and wrap up with conclusions.
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