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Comparing Automotive
Radar RF Bandpass Filter
Implementafions (Part 1)

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 article series delves into those differences.

utomotive radars are frequency-modulated, with the advancement of integrated circuits fabricated on BiC-

continuous-wave (FMCW) radars that perform  MOS, SiGe, InP, GaAs, and other III-IV technologies, the cost,

both speed and position measurements of either  size, and weight of automotive radar dropped rapidly.

moving or stationary targets. In the automotive As can be seen from the schematic of a typical RF front-
industry, this concept took root in the late 1970s, when early ~ end radar sensor system (Fig. 1), a very phase-stable saw-
radars of this type were bulky and costly due to their reliance  tooth generator drives a millimeter-wave (mmWave) volt-
on metallic waveguide technology. Over the last two decades, age-controlled oscillator (VCO). The oscillator’s output
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1. Shown is
a schematic

Chip technology rendering ofa
typical RF front end
of an automotive
radar sensor.
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2. This image depicts the equivalent circuit of the iris-based, 5!-order Chebyshev filter.

feeds a power amplifier ahead of the transmit antenna. Af-
ter arriving at the receive antenna, the echo signal is mixed
with the original VCO signal to produce the “beat” signal at
IF frequency, which is further amplified and processed by
means of either analog or digital circuitry.

The components surrounded by the light-blue rectangles
in Figure 1 are typically integrated in a single chip nowa-
days. Often integrated antennas are included on the same
chip. Many times, antennas aren’t single components; rath-
er, theyre antenna arrays with beamforming capabilities to
track the targets more efficiently.

A key RF component in Figure 1 is the bandpass filter at
the receiver side, which blocks any unwanted signals outside
the mmWave frequency range of 76 to 81 GHz. Even though
the bandpass filter at the input of the receiver will degrade
the receiver’s sensitivity by an amount equal to its insertion
loss, it’s strongly advised to be placed as shown in Figure I,
where it rejects unwanted (interfering) signals and thus im-
proves the linearity of the whole receiver chain.

In this series of articles, we'll present a comparative analy-
sis of the filter RF performance as fabricated on various
technologies. The filter can be realized in either planar or
3D technologies, but some key aspects must be considered
such as insertion loss, out-of-band
rejection, and form factor. To investi-
gate the RF performance of different
technology implementations, we per-

A = A

(RO3003G2, h = 5 mils)
o Substrate integrated waveguide with cylindrical posts
(RO3003G2, h = 5 mils)

This article series will present 3D electromagnetic simula-
tion results for each of the above technologies and compare
their respective filter performance, fabrication costs, ease of
implementation, and so on. The sections below present the
3D electromagnetic simulation results as well as the general
design procedure for the first two bandpass-filter implemen-
tations: rectangular metallic waveguides with H-plane iris
and cylindrical posts, respectively.

Rectangular Metallic Waveguide with H-plane Iris

In this implementation, the waveguide consists of a hol-
low metal block that guides the electromagnetic waves. Be-
cause the electric field and a magnetic field are bounded by
its walls, there’s no power loss through radiation and dielec-
tric losses are negligible as the waveguide is typically filled
with air.

In the lossless waveguide, some differences exist between
transverse-electric (TE) and transverse-magnetic (TM)
modes.” In TE modes, the electric field (E-field) travels per-

pendicular to the direction of propa-

formed our comparisons using 2.5D
and 3D electromagnetic (EM) simula-

Frequency range
(1-dB bandwidth)

,“ gation and the magnetic field (H-
O field) travels in the same direction

as the propagation. In TM mode, the

76-81 GHz magnetic field travels perpendicular

to the direction of propagation and

tion of highly detailed models.

Rejection @ 70 GHz

For each of the implementations,

Rejection @ 90 GHz

the general filter specifications?

Return loss in passband

are
shown in the table. X
Insertion loss

To achieve the filter-rejection speci-
fications for the automotive radar sys-

Power handling

>40dB the electric field travels in the same
=20 dB direction as propagation.
>15dB The dominant mode in a rectangu-
2 db lar waveguide is TE10.> Electromag-
netic-wave propagation in the wave-
<+30dBm

guide can occur in several modes; the

tem,” we chose to implement the filter

as a 5M-order Chebyshev type developed on different tech-
nologies:

o Rectangular metallic waveguide with H-plane iris

o Rectangular metallic waveguide with cylindrical posts
 Microstrip type on Rogers RO3003G2 PTFE laminate, h
=5 mils

o Stripline type on RO3003G2, h = 10 mils

o Substrate integrated waveguide with H-plane iris

dominant mode is a mode that has

the lowest cutoff frequency. The cutoff frequency for a rect-
angular waveguide is determined by Equation 1:°

f.= (1/u x &) x V[(m/a)? + (n/b)?] (1)

where:

a = inside width (m)

b = inside height (m)

m = waveguide mode number

n = waveguide mode number
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¢ = permittivity for free space (8.854 x 10°1?) in farads
per meter

i = permeability of free space (4m x 1077) in henries per
meter

Figure 2 depicts the equivalent circuit of the 5™-order
Chebyshev filter using an H-plane iris.®

The design procedure for filters of this type is well-estab-
lished and described in detail in various books.>® In this
approach, proper machining of an aluminum block pro-
vides the metallic iris to form the metallic waveguide filter.*
The dimensions of the waveguide port are those of a WR12
waveguide (a = 3.1 mm, b = 1.55 mm). The total length of
the filter is 15.6 mm, while the metal insert thickness is 0.5
mm.

To be as close as possible to the real world, the 3D-simu-

Maxmum Deka Al 5-Parameters versus Passes

lated iris is curved with a radius of 0.25 mm, where the iris
touches the waveguide walls. We simulated the filter in the
frequency domain using a commercial 3D simulator with
convergence criterion such that the S-parameter change in
the successive meshing steps should be less than 2%. Figures
3a and 3b plot the adaptive convergence metrics.

The 3D geometry is shown in Figure 4a, and Figure 4b
shows the meshing volume used for the frequency-domain
3D simulation. The basic dimensions also are given in Fig-
ure 4. The electric and magnetic fields’ distribution at center
frequency of 78.5 GHz is shown in Figure 5. Figure 6 illus-
trates the RF performance of the iris-based waveguide filter
(a) with the detailed insertion loss (S,;) shown in the filter’s
passband (b).

Return loss in the passband is better than 22 dB and inser-

3. These plots
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(a)

(b)

4. Shown are the iris-based metallic waveguide filter’s 3D
geometry (a) and the meshing volume used for the fre-
quency-domain 3D simulation (b). Basic dimensions also
are provided.

tion loss is better than 0.3 dB. Rejection at 70 GHz is greater
than 48 dB, while at 90 GHz it’s greater than 32 dB.

Rectangular Metallic Waveguide with Cylindrical Posts

To fabricate a rectangular metallic waveguide with cylin-
drical posts, one would machine an aluminum brick so that
the dimensions of the waveguide port are those of a WR12
waveguide (a = 3.1 mm, b = 1.55 mm). The total length of
the filter is 16.8 mm, while the metallic-post diameter is 0.75
mm. In general, the metallic posts needn’t be identical—Fig-
ure 7 shows the general approach. The equivalent electric
circuit diagram is a T-network consisting of series capaci-
tances and a shunt inductor.” The geometric parameters are
derived from well-known textbooks.®

We simulated the post-based filter in the same fashion as
the iris-based implementation described above. Figure 8 dis-
plays its adaptive convergence metrics, while Figure 9 shows
its 3D geometry and meshing volume used for the frequen-
cy-domain 3D simulation (as well as basic dimensions). Fig-
ure 10 depicts the electric and magnetic fields” distribution
at center frequency of 78.5 GHz. In Figure 11, we see the RF
performance of the post-based filter along with the detailed
insertion loss (S,; parameter) in the filter’s passband.

Return loss in passband is better than 22 dB and insertion

i

5. Shown here are the electric (a) and magnetic (b) field
distributions of an iris-based metallic waveguide filter.

loss is better than 0.3 dB. Rejection at 70 GHz is greater than
55 dB and at 90 GHz it’s greater than 32 dB.

In Part 2 of this series, we will continue with simulation
and analysis of the microstrip and stripline filter implemen-
tations.
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6. These plots reveal
the RF performance
of the iris-based
waveguide filter (a)
with the detailed
insertion loss (S,;)
shown in the pass-
band of the filter

(b).
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(a)

9. Here we see the
post-based metallic
waveguide filter’s 3D
geometry (a) and the
meshing volume used
for the frequency-
domain 3D simulation
(b). Basic dimensions
also are provided.

10. Shown are the
electric (a) and magnetic
(b) field distributions

of a post-based metallic
waveguide filter.
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11. These plots illustrate the RF performance of the iris-based waveguide filter (a) with the detailed insertion
loss (S,1) shown in the passband of the filter (b).
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