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for Automotive Radar in Cars
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Abstract

In this paper, we designed and fabricated an electromagnetic(EM) wave absorber for automotive radar in cars using
TiO; as a dielectric material and chlorinated polyethylene(CPE) as a binder. First of all, we confirmed that the opti-
mum composition ratio of TiO, was about 70 wt.%. The complex relative permittivity of a sample containing TiOx:
CPE=70:30 wt.% was calculated from S-parameter. The EM wave absorption abilities were simulated for the EM wave
absorbers of different thickness using the calculated relative permittivity, and the EM wave absorber was manufactured
based on the simulated design. A comparison of simulated and measured resuits is in good agreement. Measurement
shows that a 1.85 mm thick absorber has absorption ability higher than 20 dB in the frequency range of 76 ~77 GHz

for automotive radars.
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I . Introduction

Automotive millimeter wave radars operating in the
frequency range of 76~77 GHZ" are used in such appli-
cations as forward looking to warn drivers of dangers.
The wider use of automotive millimeter-wave radar will
reduce serious traffic accidents that so frequently occur
on limited-access highways in foggy or snowy condi-
tions. But, radar systems create two major problems(fal-
se images and system-to-system interference)”. Because
false echoes cause driving hazards, EM wave absorber
should be used to cover the guard rails on both sides of
the road or the inner walls of tunnels for preventing
false echoes of the radar.

In general, EM wave absorbers can be broadly di-
vided into two types from the viewpoint of material. One
is wave absorber using dielectric material and the other
is magnetic wave absorber using ferrite material®!,

In this paper, we designed and fabricated an EM wave
absorber using TiO, as a dielectric material with CPE,
and the complex relative permittivity( e ,= ¢, —je,) was
calculated from S-parameters. The EM wave absorption
abilities are simulated for the EM wave absorbers of di-
fferent thickness, and the EM wave absorber was manu-
factured based on the simulated design. The simulated
and measured results agree very well. As a result, we
developed a sheet-type absorber using TiO» for elimina-
ting false image and system-to-system interference in
automotive millimeter wave radars.

1. Theory of EM Wave Absorber

For an EM wave absorber made of a conductor-back-
ed single layer as shown in Fig. 1, return loss(RL) can
be obtained from an equivalent circuit as follows!*"*:

L 2=1
RL=-20 log 10’ P ’ (dB] (M

Here, z is the normalized input impedance.

If an EM wave absorber is installed in a rectangular
waveguide as shown in Fig. 2 and TEjp mode is the only
propagating mode in waveguide region[q, the norma-
lized input impedance is expressed as [7]

1=t
A e~
tanh(jjf\/ e.u,—(A2a) 2d) P
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Fig. 1. EM wave absorber made of a conductor-backed
single layer.
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Fig. 2. Absorber in rectangular waveguide.

where A is the wavelength, d is the thickness of the
sample, a is the x-direction length of the rectangular
waveguide, ¢, is the complex relative permeability, and
€, is the complex relative permittivity. The reflection-
less condition for normal incidence of an electromag-
netic wave is given by

P ‘f_l;(zilZa)i_ )
Voen,—(A/2a)°
tarﬂl(j'zf\/ e ,—(A2a) 20’):1 3)

Hence, if equation (3) is solved, the relationship be-
tween the material properties(complex relative permittivity
and permeability) and the sample thickness can be ob-
tained.

Ill. Preparation and Measurement of Samples

3-1 Sample for Measurement

We fabricated some samples of different composition
ratto of TiO, and CPE. TiO; was mixed with CPE as
a binder, and sheet-type absorbers were fabricated by
using an open roller. The surface temperature of the
open roller was kept uniform during sample preparation
because the surface temperature affects the EM wave
properties of sheet type absorbers™™. The manufacturing
process of absorber is shown in Fig. 3.

The dimensions of the samples for measurement of
the complex relative permittivity and absorption ability
were 2.54x1.27x1.5 mm and 2.54x1.27x3 mm.

3-2 Measurement Method

For the reflection measurements in this research, mea-
surement equipments including an ANRITSU ME 78080A
broadband vector network analyzer, a rectangular wave-
guide, a sample jig, and a short plane are used. The
measurement system is shown in Fig. 4. Fig. 5 presents
a photo of the absorber, the jig, and the sample. The
reflection coefficient of the sample can be obtained from

TiO, + CPE

(b) Open roller

{1

(a) Mixing

(c) Sheet

Fig. 3. Manufacturing process of absorber.

Network Jig
Analyzer

: Wave guide 4 Short

Sample

Fig. 4. Measurement system.

Fig. 5. A photo of absorber, test jig, and sample.
Su after a self calibration.

IV. Results and Discussion

Fig. 6 shows the dependence of the measured reflec-
tion coefficient on the composition ratio as a function of
frequency. Absorption abilities of samples containing
TiO, 70 wt.% with thickness of 1.5 mm and 2.0 mm
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Fig. 6. Reflection coefficients of samples of different com-
position ratios of TiO, and CPE.

have maximum values at 87 GHz and 92 GHz, respec-
tively. As a result, we confirmed that the optimum com-
position ratio of TiO; is about 70 wt.%. A SEM micro-
graph of a sample containing TiO> 70 wt.% is shown in
Fig. 7. It shows that all TiO; particles were well mixed
with the binder and that no air holes were present.

Therefore, we carried out the EM wave absorber de-
sign with a sample containing TiO, 70 wt.%. Because
the relative permeability is =1 in absorber sample with-
out magnetic material, the relative permittivity is only
calculated from S-parameter of the sample using 1-port
method(# —2 ¢ method)”. Fig. 8 shows plots of the
measured complex relative permittivity at different fre-
quencies.

Absorption abilities of the EM wave absorbers are si-
mulated using the measured complex relative permi-
ttivity by changing the thickness without changing the
composition. The simulated and measured results with
the thickness of 1.85 mm have absorption ability higher
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Fig. 7. SEM micrograph of a sample containing TiO,:CPE
=70:30 wt.%.

than 20 dB in the frequency range of 76~77 GHz as
shown in Fig. 9. Simulated and measured results agree

very well.
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Fig. 8. The measured complex relative permittivity(TiO,:
CPE=70:30 wt.%).
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Fig. 9. Comparisons of simulated and measured results.
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V. Conclusion

The problems with false images and system-to-system
interference can be eliminated through the use of EM
wave absorber. Therefore, we designed and fabricated
an EM wave absorber for automotive radars in car using
TiO; as a dielectric material and CPE as a binder. First
of all, we confirmed that the optimum composition ratio
of TiO, was about 70 wt.%. The complex relative per-
mittivity of a sample containing TiO,:CPE=70:30 wt.%
was calculated from S-parameters. The EM wave absorp-
tion abilities were simulated for the EM wave absorber
of different thickness using the calculated relative per-
mittivity, and an EM wave absorber was manufactured
based on the simulated design. A comparison of simu-
lated and measured results is in good agreement. Mea-
surement shows that a 1.85 mm thick absorber has ab-
sorption ability higher than 20 dB in the frequency range
of 76~77 GHz for automotive radars.
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