Chun GENG, Jiwei LIAN, Dazhi DING, 2023. Compact millimeter-
wave air-filled substrate-integrated waveguide crossover employing
homogeneous cylindrical lens. Frontiers of Information Technology &
Electronic Engineering, 24(9):1366-1374.

https://doi.org/10.1631/FITEE.2200454

Compact millimeter-wave air-filled substrate-
Integrated waveguide crossover employing
homogeneous cylindrical lens

Key words: Crossover; Homogeneous cylindrical lens (HCL);
Millimeter-wave; Substrate-integrated waveguide (SIW)

Corresponding author: Jiwei LIAN
E-mail: lianjiwei@njust.edu.cn
ORCID: https://orcid.org/0000-0002-0497-8765



Motivation

With the development of microwave and millimeter-wave radio
frequency circuits and integrated circuits towards greater
compactness and versatility, crossovers inevitably play an
Increasingly important role as they can effectively address multiple
intersection issues.

As the circuit complexity increases, intersections among more than two
channels appear and they should be taken into account in circuit designs.
The design of crossovers dealing with more than two channels
simultaneously has become a significant and challenging research topic.

Crossovers in the microstrip technology are not suitable for millimeter-
wave or above millimeter-wave applications. Some crossovers have
been proposed that use close or quasi-close transmission lines, which
generally suffer from a relatively large footprint.



Method

An extra homogeneous cylindrical lens (HCL) is inserted at the intersection.
This two-channel topology can be extended to three- and four-channel cases
by adjusting the diameters of the crossover cavity and the inserted HCL.
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Method

Parametric study is carried out to furtherly determine the parameter design values.
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SIW crossovers are designed and analyzed.
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Method

Derived from the abovementioned topology, two-, three-, and four-channel air-filled
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Method

For the experiments, transitions from substrate-integrated waveguide (SIW) to air-filled
SIW and coplanar waveguide to SIW are designed; two-, three-, and four-channel air-
filled SIW crossovers are fabricated successively to demonstrate the feasibility of the
proposed method.

t do d*l........@
fo) y ....'*'.
]
d o
¢q40$d50'%f ”
T I
) @
C3 .' dg
oﬂbo# T
eeo0000d 00

0 FS —0——0—0—'—.—.—0—.—0—0—0—0—0—0—0——‘. y
& 51 |
=
— —=— S
§ 10 A e S
& 15
8
o 20 - |
= /_/\ f\/
_30 T T T T T T T
24 26 28 30 32 34 36 38 40 (©)
Frequency (GHz)
(b) Fig. 8 Interior (a), top (b), and bottom (c) views of the
Fig. 7 Simulated HFSS model (a) and S-parameters (b) of fabricated prototypes (two-channel, three-channel, and

the transition four-channel crossovers from left to right)



Conclusions

1. We proposed a new method of crossover designs by introducing an
HCL in the middle of the air-filled SIW crossover cavity.

2. Two-, three-, and four-channel air-filled SIW crossovers are
designed and fabricated successively to demonstrate the feasibility
of the proposed method.

3. Compared with similar approaches, the designed crossovers show

the merits of simple structure, compactness, and wide fractional
bandwidths.
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