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Table 1 Common technical features and performance requirement of microwave/millimeter—wave circuits and their

components for ISAC applications
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Fig. 1

A conceptual diagram of the ISAC systems: Application scenarios, the multi-channel RF front-end architecture, and its

RF-performance requirement, where the central inset illustrate
band (tunable) amplitude-frequency responses deployed in the

amplitude)
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Fig. 2 Representative demonstrations of dual-band large-frequency-ratio microwave/millimeter-wave transmission lines: (a) The

; (b) The mode composite CPW™"'; (c) The half-mode composite waveguide™'; (d) The mode

composite transmission line based on microstrip SSPP and HMSIW'®'; (e) The mode composite transmission line based on SICL

SSPP and SIW'?"
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Table 2 Technical comparison of dual-band large—frequency-ratio microwave/millimeter—wave transmission lines
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Fig. 3 Representative demonstrations of dual-band large-frequency-ratio microwave/millimeter-wave antennas based on structure
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Fig. 4 Representative demonstrations of dual-band large-frequency-ratio microwave/millimeter-wave antennas based on structural

sharing schemes: (a) The magnetoelectric dipole antenna utilizing loaded SIW cavities™' ; (b) The hybrid DRA with spatially

shared cylindrical/rectangular dielectric resonators**’; (c¢) The antenna based on folded parallel plates™; (d) The antenna integrat-

ing a dielectric resonator and a Fabry - Pérot resonator”’
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Fig. 5 Representative demonstrations of dual-band large-frequency-ratio microwave/millimeter-wave antennas based on dual-func-

tional, aperture-sharing structural schemes: (a) The circular patch antenna based on periodic circular apertures®; (b) The circular

patch antenna based on metallic grids™; (c) The patch antenna based on multilayer PCBs'*’; (d) The metasurface integrating a

Fabry — Pérot resonator and a Fresnel zone plate™®’; (e) The dual-polarized antenna based on dual-functional dielectric materials*’;

(f) The antenna based on a dual-functional horn structure !
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Fig. 6 Representative demonstrations of dual-band large-frequency-ratio microwave/millimeter-wave antennas based on embed-
ded, aperture-sharing structural schemes: (a) The antenna with a high-frequency patch array embedded within a low-frequency
patch”’; (b) The antenna with an STW slot array embedded within a ring-shaped patch™®’; (¢) The dual circularly polarized anten-

na with an SIW slot array embedded within a rectangular patch'**
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Fig. 7 Representative demonstrations of multiband large-frequency-ratio microwave/millimeter-wave antennas based on shared-

aperture stacked structures: (a) The dual-band antenna formed by stacking an SIW slot array above a patch antenna™”; (b) The tri-

band antenna formed by stacking a PCB magnetoelectric dipole antenna above an aluminum plate antenna®'; (¢) The dual-band

metasurface antenna integrating a Fabry - Pérot resonator and a circularly polarized reflectarray’

62]
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Fig. 8 Representative demonstrations of multiband large-frequency-ratio microwave/millimeter-wave antennas based on shared-
aperture arrayed structures: (a) The dual-band antenna based on an arrayed patch structure'®’; (b) The dual-band beam-scanning

antenna based on an arrayed slot/patch structure'’; (c) The tri-band antenna integrating paired symmetric inverted-F antennas and

dual-layer split-ring resonator antennas.
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Fig. 9 Representative demonstrations of multiband large-frequency-ratio microwave/millimeter-wave antennas based on other

deign schemes: (a) The high-gain, dual-band, and dual-polarized feed composed of nested inner and outer conical horn anten-
nas'®’; (b) The dual-band antenna combining a ring patch and an SIW slot structure using slot-coupled feeding™’; (c) The dual-
band SIW cavity-backed slot antenna using slot-coupled feeding™'; (d) The dual-band 8x8 MIMO antenna with hybrid PCB/PIN

diode integration™".



10

AN/ RS9 S g o

XX &

R3 SEHRFLLRK/ZERERE (RREZE]) BRI L

Table 3 Technical comparison of multiband large—frequency-ratio microwave/millimeter—wave antennas (representa-

tive examples)
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Fig. 10 Representative demonstrations of multiband large-frequency-ratio microwave/millimeter-wave passive components: (a)

The filter based on mode composite CPW'"”!
crostrip/SICL mode composite transmission line'™’

based on the slot-coupling scheme™"’

; (b) The coupler based on mode composite CPW' ™

s (c) The filter based on mi-

; (d) The filtering crossover based on the slot-coupling scheme'™; (e) The filter
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Table 4 Technical comparison of dual-band large—frequency—-ratio microwave/millimeter—wave passive components
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Abstract: The fundamental concepts, operating principles, and recent advancements in integrated sensing and commu-
nication (ISAC) are presented. A comprehensive review of multiband and large-frequency-ratio microwave/millimeter-
wave transmission lines, antennas, and passive components—primarily filters and couplers—that are currently suitable
for ISAC application scenarios is provided. Various implementation strategies and fabrication techniques for these multi-
band and high-frequency-ratio structures are comparatively analyzed. The technical characteristics, RF performance,
and respective advantages and limitations of different design approaches are systematically summarized. This review of-
fers a diverse and in-depth reference for the continued development of high-performance microwave/millimeter-wave
front-end components tailored for ISAC applications.

Key words: antennas, filters, integrated sensing and communication, large frequency ratio, microwave/millimeter-
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