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Abstract—We have put a lot of effort into development of a 79
GHz band range finder and have seen that a coaxial waveguide
transition using a finline built on a high-permittivity substrate is
required. Then, we attempted to design a 79 GHz band coaxial
waveguide transition using finline built on alumina substrate
(relative permittivity 10). The goal of the performance is less
than -10 dB of | S1; | at the frequency from 74 GHz to 84 GHz.
In this paper, we focus on the gap between the outer side curves
of the finlines. As a result, we have found that the gap between
the outer side curves of the finlines has the optimal value. At
the moment, based on the optimal value, we are producing the
coaxial waveguide transition using finline.

I. INTRODUCTION

In recent years, for various reasons, the demand for mil-
limeter wave range finders and the microwave range finders
has been increasing. In particular we are putting a lot of effort
into development of a 79 GHz band range finder. The 79 GHz
band has already been legislated in Europe. However, in Japan,
it has not been legislated yet (as of November 2012). We are
developing a 79 GHz band range finder, foreseeing that the
79 GHz band will be approved for use from now on. The
allowable occupancy frequency bandwidth of the 79 GHz band
will be wider than that of the 60 GHz band or 76 GHz band,
which are legislated already in Japan. This is an important
advantage in the performance of range-finding.

In development of the 79 GHz band range finder, we find
that the coaxial waveguide transition using a finline which is
built on a high-permittivity substrate is required. Typically,
the finline is built on a low-permittivity substrate to obtain
broadband characteristics. This is because, it is difficult to
realize broadband circuits on a high-permittivity substrate.
Meanwhile, to avoid loss of signal, millimeter wave circuits
are normally built on a high-permittivity substrate such as
alumina. If the relative permittivity of the substrate of the
coaxial waveguide transition and that of the millimeter wave
circuit are different, a reflected signal may emerge at the
connection point. Therefore, it is preferable that the coaxial
waveguide transition and the millimeter wave circuit are built
on the same substrate.

Due to this, we attempted to design a 79 GHz band
coaxial waveguide transition using finline built on the high-

permittivity substrate alumina (relative permittivity 10). A goal
of the performance is less than -10 dB of | Sy; | at the
frequency from 74 GHz to 84 GHz.

II. A STRUCTURE OF THE COAXIAL WAVEGUIDE
TRANSITION USING FINLINE

Coaxial waveguide transition refers to the circuit which
connects the coaxial line and wave guide by changing the
mode of propagation. Since a mixed system of coaxial and
waveguide is a common configuration for microwaves and
millimeter waves, the coaxial waveguide transition is a critical
part. An example of the structure of the coaxial waveguide
transition using finline is shown in Fig. 1.

It has a form where the dielectric substrate of thickness t and
relative permittivity ¢, is put into the space of waveguide tube,
as shown also in Fig. 1. The value of a standard waveguide is
used for the value of X and Y.

Fig. 1. A structure of the coaxial waveguide transition using finline

ITI. DESIGN
A. Design condition

We design the coaxial waveguide transition with the goal of
performance less than -10 dB of | Sy | at the frequency from
74 GHz to 84 GHz. A waveguide, WRI-740 [X:3.099 mm,
Y:1.549 mm], which is designed for a frequency band of 60.5
GHz 91.9 GHz, is used. The finline pattern is mounted on the
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dielectric substrate alumina which has a relative permittivity
of 10 and a thickness of 0.1 mm.

As shown in Fig. 2, the length of the finline part is 3.2 mm
and that of the microstrip line part is 4 mm. In this paper, the
two curves that are found in the outline of the finline are named
the outer side curve and the inner side curve, respectively.

g=+0.1

Fig. 4. Finline(g=+0.1)

The trajectory of S1; plotted on a smith chart is shown in

Left-hand side Right-hand side Fig. 5, and | 511 | is shown in Fig. 6.
a:Finline part 3.2mm We can see that the magnitude of the reflection coefficient
b: Microstrip line part4mm | S11 | is large because the trajectory of Sy; shown in Fig. 5
¢: Outer side curve is distant from the center of the smith chart. Specifically, as

d:Inner side curve shown in Fig. 6, | S1; | is more than -10 dB over the whole

frequency range.
Fig. 2. Design of coaxial waveguide transition using finline

B. Design approach

It is considered that the characteristics of the finline part / \
depend on the whole form of the finline, such as its size and 02 / s
outline. In this approach, we focus on the gap between the ‘,"I \0
outer side curves of the finlines. However, other parameters f |
are fixed. The gap g is changed every 0.02 mm from +0.1 { it ! 2 NP0
mm to -0.38 mm and S7; is calculated by FEM analysis (see \ o
Fig. 3). For FEM analysis, EMPro made by Agilent is used. 02\ /5

Fig. 5. S11(g=+0.1)

0
a : Finline part 5
b : Microstrip line part

c : Outer side curve — -10

d : Microstrip line g
— -15

Fig. 3. Gapg )
— 20
The typical characteristics of S7; are found for four cases: 25
g=+0.1 mm, 0 mm, -0.14 mm and -0.38 mm. Corresponding 30

to these cases, the form of the finline and S;; are shown in
the following section.

\]
N

76 78 80 82 84
Frequency[GHz]
C. Form of the finline and S11

1) Case of g=+0.1 mm: The form of the finline for g=+0.1
mm is shown in Fig. 4.

Fig. 6. | S11 [(g=+0.1)
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2) Case of g=0 mm: The form of the finline for g=0 mm
is shown in Fig. 7.

g=-0.14

!
po—

g=0
Fig. 10. Finline(g=-0.14)

Fig. 7. Finli =0
' tnline(5=0) 3) Case of g=-0.14 mm: The form of the finline for g=-0.14

mm is shown in Fig. 10.

The trajectory of Si; and | Sy; | are shown in Fig. 8 and The trajectory of S1; and | S1; | are shown in Fig. 11 and
Fig. 9, respectively. Fig. 12, respectively.

\ 02 /

y \ / \

g S — - -
Fig. 8. S11(9=0) Fig. 11.  S11(g=-0.14)
0 O
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74 76 78 80 82 84 Frequency[GHz]
Frequency[GHz]

Fig. 12. | S11 |(9=-0.14)
Fig. 9. | S11 |(g=0)

We can see that | Sy | is small because the trajectory of
| S11 | is more than -10 dB if the frequency is over 78 GHz. S7; converges near the center of the smith chart all around.
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Specifically, as shown in Fig.12, | Sy; | is less than -10 dB
over the whole frequency range.

4) Case of g=-0.38 mm: The form of the finline for g=-0.38
mm is shown in Fig. 13.

- -
=

Fig. 13.  Finline(g=-0.38)

The trajectory of S1; and | Sy; | are shown in Fig. 14 and
Fig. 15, respectively.

Fig. 14. S711(9=-0.38)

| S11 |[dB]

74 76 78 80 82 84
Frequency[GHz]

Fig. 15. | S11 |(9=-0.38)

The trajectory of S1; shown in Fig. 14 is distant from the

center of the smith chart. | S7; | is more than -10 dB except
for near 77 GHz.

IV. CONCLUSIONS

In this design, we focused on the gap between the outer side
curves of the finlines. As a result, the optimal gap is g=-0.14
mm. Under this condition, | Sy; | is less than -10 dB over
the whole frequency range (from 74 GHz to 84 GHz). Here,
the microstrip line part and the inner side curve of the finline
are fixed. In the future, we will examine how these fixed parts
influence the performance of the coaxial waveguide transition
using the finline.

At the moment, based on the optimal value, we are pro-
ducing the coaxial waveguide transition using finline. We will
unveil that on the day.
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