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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
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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-

wave passive components, transmission lines
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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 illustrates one of the RF front-end channels, showing its broadband/narrow-

band (tunable) amplitude-frequency responses deployed in the sub-10-GHz and millimeter-wave/terahertz bands (NA: normalized

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

mode composite waveguide™ ; (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

reuse schemes: (a) The composite antenna based on mode-composite sandwiched slot line™; (b) The leaky-wave antenna based

on mode composite microstrip™"!
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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'

band antenna formed by stacking a PCB magnetoelectric dipole antenna above an aluminum plate antenna ™

; (b) The tri-
; (¢) The dual-band

metasurface antenna integrating a Fabry - Pérot resonator and a circularly polarized reflectarray *’
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Fig. 8 Representative demonstrations of multiband large-frequency-ratio microwave/millimeter-wave antennas based on shared-

KUY RE AR LM : () e THEFI R B XU R s (b) BT

WKL

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'®”

dual-layer split-ring resonator antennas.

; (¢) The tri-band antenna integrating paired symmetric inverted-F antennas and
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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™".
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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

N 7 =7 i
2% &l xoff H A CBW e RL IL il T
rl:lé ;@ -
XER TR 289 ER] [HER] (GHz) i (dB) (dB) Z
Vi8] 20 >10 & EE
[74] o 5.8&27 1.9% & 2.3% 1:4.66 <0.9 & <0.7
T [F) BT gl 5 >11 CNC
- [ [2ETE,,] >15 & &)
[75] 45 ugde 5.8&27 2.1% &3.7% 1:4.66 <0.59 & <0. 46
s = IE,,, ] >24 CNC
a HTE
Y cew >14 & 3
[76] T 6&83.5 1.9% & 6.7% 1:13.9 <1.3&<1.77
E. ] [TE,,,] >15 CNC
201 -
B >15 & )R
[77] QCPW 1.65 & 35 N/A & 5.71% 1:21.2 <1&<2
i O SIW >20 PCB
TH
fries B [TE,,] >S12 & )
(78] 45ty TEM] 7& 150 28.6% & 8% 1:21.4 N/A oL
i wr >10
. B
37 . SICL >13 & LS
[79] [V h 4.2&28 58% & 10.7%  1:6. 67 <0.6 & <2.7
e S [ TEM ] >13 PCB
W O
N N SIW >11.5 W
[80] X E . 2.39 & 28.01 9.2% & 2. 14% 1:11.72 <1.43&<3.6
" [TE,,,] & 10.6 PCB
>12 &
, 2.37 &29. 84 19.41% & 6.5% 1:12.59 <0.75&<1.74
ey - >13 -
[81] [ ‘ 13 & =
I, ] 17.6% & 11.81% <0.75&<0.89  PCB
TEM 2.33&5.08&29.6 1:2.18:12.7 >12&
&7.7% 0 &<2.8
40 .
& et oz
= T N
'82] W O RIS 1.35-1.61 &29.5 - 4.44-7.45% & . >11& <1.7-6.2&<  PCB
i ap .
s - [2TE,, ] 32.45 4.31-6.35% >9 2.75-6 +& )
o CNC
B2
el A BER PCB
X o 8.9% - 10.7% & >I0& <2.6-3.5&<3
[83] [ #8[TE,/ 3.22-3.52&25-27.06 1:8.3 + i/
N 2.3% - 3.3% >10 -3.6
TEM] Ie,,, ] I
CNC

FBW, ,: 3-dB AP HCH T RL « [ J0URE 5 1L 1 AHUEE s N/A « R B BRI I

P B LR o3 A B 2 5 (B LR A B S R AR
POy g 8, BT B AT B B0l I, BT i
THICA A A BRI G 451 1 RE s BE A5 21 45 4 19 ~F- A
AT, BT A L7 R OB LT 2R R
CNC T2, il A AR X B o 6 T e B &
T3 SEHY R LT BT B B AR 5, By il AN ) 26 28
P AR A5 A (DA U 5 454 — S 5 B2 B BRI 1
A LE TCAAE i OBUAT B S AU R 3o L BE T
A, HATHR AR AR

I O T R 2 N T B 2 R
FERE, Horb B TR RESS = O TR S

SR 7 R, T BT 4 A AN R 254
(4 LRGSR R L T 8T IR RO EL R 23 i T S B
BN AR BT e BE A, HL A A R 5 K M e

PR 3 60, T B T 2549 52 7 oo, et vk
TP DA 204 R SR AR A R L R £k
DI R R 3, il ARG, il i & TAE A
[Fi] 01 5 P s e 235 ) T R 2 B 8% LA /MR RRL AT ) 1 3K
A5 AT (R 5 S 1k R RN ¢ v 1) AR SR 3 I e Yy 45
FU it BB R G . R 2 B 4540 SC 0 =2
1428 1) ROMAE L 2R 48 4 S5 it 491 22 8 A 02 4% ) e
P, B TIMERE R iy, KRR CNC MTLTCC T



XX # B A A5 TR ) 308 S — A N P B4 22 8 R L s e R D A e RS TR iRT 15

p iz
[83] += ® oo
e ~E-

9 |=_ =
(&) 8 - - _—
c o: —
o = — =
ﬂ_) . .—_f_.—.
TR R -
x oy T

[23] = ==

Oy

0 20 40 60 80

100 120 140 160

Frequency (GHz)
BL SClkeh AR Y 220 KO LU R 2 A AR i e R e B TOR TR 1y AR A B 43 A

Fig. 11

mission lines, antennas, and passive components
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Table 6 The literature-reported transmission line ar-
chitectures and combinations for the design
of multiband large—frequency-ratio micro-

wave/millimeter—wave transmission lines, an-

tennas, and passive components

SEICR BHHR SN RSN
[23], [25] SICL SIW
[24], [30], [77], [78] QCPW SIW
[26] i (SSPP)  HMSIW
[27] SEFEHH SICL(SSPP) SIW
[29] NiRIEES SIW
[31] ey SIW
[79] ey SICL
(28], [76] T HOE i GGW
[74], [75] HORMEs IR
[80], [81] [5Gt SIW
[82] HEBAL G fiy b35S/ A
[83] 0GH NS

T[] F- T A% B 48 () 25 F L 2 R BT s S 2 0L
R YLG T R R SR B BEgs B2 e
T R R (E) - L S 26 R PCB T 2058, 245
& JE I B AR B A R T R R R . BB
R Rl 2 ST R R R T 20 R 2 S B
— AR ISAC 55 KA Hb A s b R 22 . o
BB — 4R A0, Y R A A 2 T A 9% B R A
RS E I i RN S ATy R s m I S
R AR R TR B BE T A SOk T T S IR
WL STRE 1. DRI, T 1] 5G/6G ISAC I I % JE
LB RE VR 15 D RE 5 R L 5 5 R 7 1 2 T8 A
R — AT . A Ah R RE AR O T, 7
2T KA EE ) RE RN 45 A 1 P A 3-D AT ED |
LTCC fohn T 28 ek T 25, 2 7 12 40k 2 1 1)

M 2R, =, 2 R YR RE Y S B
FRG A A PRI IS, A B T S B A
PFZ B R BS54, HESh - 2B 5 7 ok
KRR S IA S IR

5 #ig

ASCERIR T ISAC I FEAE & L SEB 1) R AR
R I A T IS T ISAC I FH B 22 8 KA
RAGCIIL ST EL2 T RN i 0 T G =R N (1=
2545 3T AT fe Sk 1) B 78 58 461 2R 0 M A AT LA
Tk S 2 A R L ZE A T R (R B R AG
My Ay s AR R B R A ) S i i
T2 (E 34335 PCB FI CNC) . WFIE4s B0, 4
— , sub—6-GHz Fl 2 K 451 B hy 3 $6 KA HE 5 1119
F U w6 L BB B ISAC N A B oK
FF FLN v AL 0 B ) R 2% A B A S R K
AR LY T A o T SR A M R T 215 3
(Y T3 AR B 2 R BB R e
W, WER MR M RLW ORI £
b fif 2 S 25 40 1R AR 1T 3RAS B4 B SR T R R S 5
=, RO B A i 2 RN JC R TR (A 5 AR R D B
AR A G R WA & 551U, fil
A FEIR DI RE CAn AR IS T B ) A St T2 (4n 3-D
FTED \LTCC SN ) B KAt oA i B A
W5 7 10 o

References

[1] FARHAN L, SHUKUR S T, ALISSA A E, ALRWEG M,
RAZA U, KHAREL R. A survey on the challenges and op-
portunities of the Internet of Things (1oT) : Proceedings of
International Conference on Sensing Technology, 2017[C].
Sydney, NSW, Australia: IEEE, 2017: 1 - 5.

[2] ZHENG K, ZHENG Q, YANG H, ZHAO L, HOU L,
CHATZIMISIOS P. Reliable and efficient autonomous driv-

ing: the need for heterogeneous vehicular networks (1]



XX ] AN A5 10T A S — R P ) 238 R Bl 22 Kl e £k RS TR 17

IEEE Communications Magazine, 2015, 53(12): 72 - 79.

[3] BILIK I, LONGMAN O, VILLEVAL S, TABRIKIAN J.
The rise of radar for autonomous vehicles: Signal process-
ing solutions and future research directions [J]. IEEE Sig-
nal Processing Magazine, 2019, 36(5): 20 - 31.

[4] SAHIN M M, ARSLAN H. Multi-functional coexistence of
radar—sensing and communication waveforms: Proceedings
of IEEE Vehicular Technology Conference, 2020[ C]. Vie-
toria, BC, Canada: IEEE, 2020: 1 - 5.

[5]GU Y, XU T, FENG K, OUYANG Y, DU W, TIAN X,
LEI T. ISAC towards 6G satellite - terrestrial communica-
tions: Principles, status, and prospects [J]. Electronics,
2024, 13(7): 1369.

[6] WEI Z, QU H, WANG Y, YUAN X, WU H, DU Y,
HAN K, ZANG N, FENG Z. Integrated sensing and com-
munication signals towards 5G=A and 6G: A survey [1l.
IEEE Internet of Things Journal, 2023, 10(13): 11068 -
11092.

[7]LIUF, CUI'Y, MASOUROS C, XU J, HAN T X, ELDAR
Y C, BUZZI S. Integrated sensing and communications: To-
ward dual—functional wireless networks for 6G and beyond
[J]. IEEE Journal on Selected Areas in Communications,
2022, 40(6): 1728 - 1767.

[8] LIU A, HUANG Z, LIM, WAN Y, LI W, HAN T X, LIU
C, DU R, TAN D K P, LU J, SHEN Y, COLONE F,
CHETTY K. A survey on fundamental limits of integrated
sensing and communication[ ] ]. IEEE Communications Sur-
veys & Tutorials, 2022, 24(2): 994 - 1034.

[9] PAUL B, CHIRIYATH A R, BLISS D W. Survey of RF
communications and sensing convergence research [J].
[EEE Access, 2017, 5: 252 - 270.

[10] LU S, LIU F, LI Y, ZHANG K, HUANG H, ZOU J, LI

X, DONG Y, DONG F, ZHU J, XIONG Y, YUAN W,
CUl Y, HANZO L. Integrated sensing and communica-
tions: Recent advances and ten open challenges[ﬂ. IEEE
Internet of Things Journal, 2024, 11 (11) : 19094 -
19120.

[11] QUAN S, QIAN W, GUOJ, ZHANG Y. Radar-communi-
cation integration: An overview: Proceedings of IEEE/In-
ternational Conference on Advanced Infocomm Technolo-
gy, 2014[ C]. Fuzhou, China: IEEE, 2014: 98 - 103.

[12] SCHARRENBROICH M, ZATMAN M. Joint radar-com-
munications resource management: Proceedings of [EEE
Radar Conference, 2016 [C]. Philadelphia, PA, USA:
IEEE, 2016: 1 - 6.

[13] HAIMOVICH A M, BLUM R S, CIMINI L J. MIMO radar
with widely separated antennas[J]. IEEE Signal Process-
ing Magazine, 2008, 25(1): 116 - 129.

[14] DING S, CHEN B, LI J, YAO J, YUAN Y, JIANG D,
QIN F. Integrated sensing and communication: Prototype
and key processing algorithms: Proceedings of IEEE Inter-
national Conference on Communications Workshops, 2023
[C]. Rome, Ttaly: IEEE, 2023: 225 - 230.

[15] ZHANG C, ZHOU Z, WANG H, ZENG Y. Integrated su-
per—resolution sensing and communication with 5G NR
waveform: Signal processing with uneven CPs and experi-
ments: Proceedings of International Symposium on Model-
ing and Optimization in Mobile, Ad Hoc, and Wireless
Networks, 2023[ C]. Singapore: IEEE, 2023: 681 - 688.

[16] ZHANG Q, LIZ, GAO X, FENG Z. Performance evalua-
tion of radar and communication integrated system for au-
tonomous driving vehicles: Proceedings of IEEE Confer-
ence on Computer Communications Workshops, 2021 [c].
Vancouver, BC, Canada: IEEE, 2021: 1 - 2.

[17] PAJOVIC M, WANG P, KOIKE-AKINO T, SUN H,
ORLIK P V. Fingerprinting—based indoor localization with
commercial mmWave WiFi — Part I: RSS and beam indi-
ces: Proceedings of IEEE Global Communications Confer-
ence, 2019 [C]. Waikoloa, HI, USA: IEEE, 2019:
1-6.

[18] YU J, WANG P, KOIKE-AKINO T, WANG Y, ORLIK
P V, BUEHRER R M. Multi-band Wi-Fi sensing with
matched feature granularity [J]. IEEE Internet of Things
Journal, 2022, 9(23): 23810 - 23825.

[19] XIE Y, CHEN F-C, CHU Q-X. Triple-band bandpass
filter and triplexer using quad-ridge cavity resonators [ J].
IEEE Transactions on Microwave Theory and Techniques,
2021, 69(8): 3832 - 3841.

[20] LI S, YAN Y-T, YANG S-C, ZHU Z-B, LI X-J,
WANG C-X, SHAO W, DING J-Q. 220 GHz dual-mode
dual-band waveguide filter in stackable multilayer MEMS
technology [J]. Journal of Infrared, Millimeter, and Tera-
hertz Waves, 2023, 44. 659 - 672.

[21] ZHOU K, ZHOU C-X, XIE H-W, WU W. Synthesis de-
sign of SIW multiband bandpass filters based on dual-
mode resonances and split—type dual- and triple—band re-
sponses [J]. IEEE Transactions on Microwave Theory and
Techniques, 2019, 67(1): 151 - 161.

[22] DUAN J-P, SHEN X-X, XIAO H, ZHANG B-Z, BAI
Q. Micromachined W-band dual-band quasi-elliptic
waveguide filter [J]. Microelectronics Journal, 2021,
115: 105200.

[23] GUO J, DJERAFI T, WU K. Mode composite waveguide
[J]. IEEE Transactions on Microwave Theory and Tech-
niques, 2016, 64(10): 3187 - 3197.

[24]SUY, LIN X Q, YUJW, FAN Y. Mode composite copla-
nar waveguide [J]. IEEE Access, 2019, 7: 109278 -
109288.

[25] GUO J, WU K. Half-mode composite waveguide (1]
IEEE Transactions on Microwave Theory and Techniques,
2018, 66(6): 2920 - 2927.

[26] ZHOU Y, SONG K, LI Q, CHENG Y, FAN Y. A novel
mode composite transmission line based on SSPPs and
HMCSIW : Proceedings of UK-Europe—China Workshop
on Millimetre-Waves and Terahertz Technologies, 2021
[C]. Lancaster, United Kingdom: IEEE, 2021: 1 - 3.

[27]ZHU Y, LI X-C, MAO J-F. Mode composite substrate in-
tegrated coaxial line based on substrate integrated coaxial
line and periodic L-shaped SSPP structure [J]. IEEE
Transactions on Components, Packaging and Manufactur-
ing Technology, 2023, 13(4): 528 - 536.

[28] CHENG X, LIUZ, YAOY, YUT, YU J, CHEN X. Nov-
el band gap waveguide for low—loss and dual band applica-
tions [J]. IEEE Transactions on Microwave Theory and
Techniques, 2022, 70(5): 2610 - 2621.

[29]SU Y, LIN X Q, FANY, WU K. Mode composite sand-
wich slot line and its applications in antenna development

[J]. IEEE Transactions on Antennas and Propagation,



8 LT 5N 5 B K k2

XX &

2020, 68(6): 4250 - 4258.

[30]SU Y, LIN X Q, FAN Y. Dual-band coaperture antenna
based on a single—layer mode composite transmission line
[J]. IEEE Transactions on Antennas and Propagation,
2019, 67(7): 4825 - 4829.

[31] LI Y, WANG J. Dual-band leaky—wave antenna based on
dual-mode composite microstrip line for microwave and
millimeter—wave applications [J]. IEEE Transactions on
Antennas and Propagation, 2018, 66(4): 1660 - 1668.

[32]1L1Y, WANG L, GE 1., WANG J. A dual-band magneto-
electric monopole antenna array using mode—composite
waveguides[ﬂ. IEEE Transactions on Antennas and Prop-
agation, 2023, 71(7): 6208 - 6213.

[33] XIAO F, LIN X, SU Y. Dual-band structure—shared an-
tenna with large frequency ratio for 5G communication ap-
plications [J]. IEEE Antennas and Wireless Propagation
Letters, 2020, 19(12): 2339 - 2343.

[34] FENG L. Y, LEUNG K W. Dual—fed hollow dielectric an-
tenna for dual-frequency operation with large frequency
ratio [ J]. IEEE Transactions on Antennas and Propaga-
tion, 2017, 65(6): 3308 - 3313.

[35] MUHAMMAD A, KHAN M U, SHAMSAEE MALFAJA-
NI R, SHARAWI M S, ALATHBAH M. An integrated
DRA-based large frequency ratio antenna system consist-
ing of a MM-wave array and a MIMO antenna for 5G appli-
cations[J]. IEEE Open Journal of Antennas and Propaga-
tion, 2024, 5(2): 368 - 378.

[36] FENG L Y, LEUNG K W. Dual-frequency folded—paral-
lel-plate antenna with large frequency ratio [J]. IEEE
Transactions on Antennas and Propagation, 2016, 64
(1): 340 - 345.

[37] FENG L. Y, LEUNG K W. Wideband dual—frequency an-
tenna with large frequency ratio[ J]. IEEE Transactions on
Antennas and Propagation, 2019, 67(3): 1981 - 1986.

[38] SUN Y-X. Large frequency ratio antennas based on dual—
function periodic slotted patch and its quasi—complementa-
ry structure for vehicular 5G communications [J]. IEEE
Transactions on Vehicular Technology, 2023, 72 (7) :
8303 - 8312.

[39]ZOU J, ZHAO Y, YANG X, GE L, SUN Y-X. Dual-
band dual-polarized shared—aperture grid antenna with
large frequency ratio [J]. IEEE Antennas and Wireless
Propagation Letters, 2023, 22(7): 1513 - 1517.

[40] MA Z L, TANG Y, XUE Q, CHE W, WANG K X. Dual—
band shared—aperture antenna hybridizing patch and trans-
mitarray with large frequency ratio and wideband charac-
teristics[ J]. IEEE Transactions on Antennas and Propaga-
tion, 2025, 73(4): 2485 - 2496.

[41]ZHU J, YANG Y, LIAO S, LIS, XUE Q. Dual-band ap-
erture—shared Fabry - Perot cavity—integrated patch anten-
na for millimeter—-wave/sub—6 GHz communication appli-
cations[J]. IEEE Antennas and Wireless Propagation Let-
ters, 2022, 21(5): 868 - 872.

[42] ZHU J, YANG Y, LIAO S, XUE Q. Aperture—shared mil-
limeter-wave/sub—6 GHz dual-band antenna hybridizing
Fabry - Pérot cavity and Fresnel zone plate [J]. IEEE
Transactions on Antennas and Propagation, 2021, 69
(12): 8170 - 8181.

[43] ZHAO Y, GE L, GU H, CHEN S C, CHUNG M-A. A

dual-band dual-polarized antenna with high aperture re-
use efficiency and large frequency ratio for modern wire-
less communications [J]. IEEE Antennas and Wireless
Propagation Letters, 2024, 23(1): 14 - 18.

(441 HAO J N, FENG L Y, JI W S, LIU Y. Dual-wideband
dual-frequency antenna with large frequency ratio for 5G
applications[ J ]. IEEE Transactions on Antennas and Prop-
agation, 2024, 72(2): 1887 - 1892.

[45] CHENG Y, DONG Y. Dual-broadband dual-polarized
shared—aperture magnetoelectric dipole antenna for 5G ap-
plications[]]. IEEE Transactions on Antennas and Propa-
gation, 2021, 69(11): 7918 - 7923.

[46] SUNY X, LEUNG K W, LU K. Compact dual microwave/
millimeter—wave planar shared—aperture antenna for vehi-
cle—to—vehicle/5G communications [J]. TEEE Transac-
tions on Vehicular Technology, 2021, 70 (5): 5071 -
5076.

[47] DING X-H, YANG W-W, TANG H, GUO L, CHEN J-
X. A dual-band shared-aperture antenna for microwave
and millimeter—wave applications in 5G wireless communi-
cation [ J]. IEEE Transactions on Antennas and Propaga-
tion, 2022, 70(12): 12299 - 12304.

[48] WANG Z, HUANG Z. A microwave/millimeter wave dual—
band shared aperture patch antenna array [J]. IEEE Ac-
cess, 2020, 8: 218585 - 218591.

[49] MAO C-X, GAO S, LUO Q, ROMMEL T, CHU Q-X.
Low—cost X/Ku/Ka—band dual-polarized array with shared
aperture[ ] ]. IEEE Transactions on Antennas and Propaga-
tion, 2017, 65(7): 3520 - 3527.

[50] ZHANG J-E, LIU G, YANG W-W, CHEN J-X. A tri—
frequency shared—aperture antenna for cooperative work of
V2X and millimeter—wave bands[J]. IEEE Antennas and
Wireless Propagation Letters, 2025, 24(3): 776 - 780.

[51]ZHU J, LIAO S, ZHU X, YANG Y, XUE Q. C—/Ka-
band aperture—shared dual circularly polarized heteroge-
neous reflectarray for vehicular communications [J]. IEEE
Transactions on Vehicular Technology, 2024, 73 (6) :
8671 - 8680.

[52] WANG C, CAO W, MA W, LI C, JING J. Dual-band
structure reused aperture—sharing antenna with low side-
lobe and high gain for 5G communication[J]. IEEE Anten-
nas and Wireless Propagation Letters, 2024, 23(4): 1386
- 1390.

[53] ZHANG J F, CHENG Y J, DING Y R. An S- and V-
band dual-polarized antenna based on dual-degenerate—
mode feeder for large frequency ratio shared-aperture
wireless applications [J]. IEEE Transactions on Antennas
and Propagation, 2020, 68(12): 8127 - 8132.

[54] ZHANG J F, CHENG Y J, DING Y R, BAI C X. A dual-
band shared—aperture antenna with large frequency ratio,
high aperture reuse efficiency, and high channel isolation
[J]. IEEE Transactions on Antennas and Propagation,
2019, 67(2): 853 - 860.

[55] WEI X, CHENG Y J. A S/Ka dual-band shared—aperture
circularly polarized antenna combining spiral antenna and
substrate integrated waveguide slot antenna: Proceedings
of IEEE International Symposium on Antennas and Propa-
gation and USNC-URSI Radio Science Meeting, 2023
[C]. Portland, OR, USA: IEEE, 2023: 371 - 372.



XX ] AN A5 10T A S — R P ) 238 R Bl 22 Kl e £k RS TR 19

[56] TU Z-H, HE M-M. Dual frequency dual circular polariza-
tion fusion antenna for microwave and millimeter wave ap-
plications: Proceedings of IEEE Asia—Pacific Conference
on Antennas and Propagation, 2024[C]. Nanjing, China:
IEEE, 2024: 1 - 2.

[57] XIA Z-X, LEUNG K W, YANG N, LU K. Compact dual-
frequency antenna array with large frequency ratio [J].
IEEE Transactions on Antennas and Propagation, 2021,
69(4): 2031 - 2040.

[58] NI S, LI X, YIN J, WANG Q, ZHANG J. A compact
quad-band shared—aperture antenna based on electromag-
netic transparent structure [J]. IEEE Antennas and Wire-
less Propagation Letters, 2024, 23(3): 1020 - 1024.

[59] YANG X, GE L, JI Y, ZENG X, LI'Y, DING C, SUN
J, LUK K-M. An integrated tri-band antenna system with
large frequency ratio for WLAN and WiGig applications
[J]. IEEE Transactions on Industrial Electronics, 2021,
68(5) : 4529 - 4540.

[60] CHEN Q, CHENG Y-F, SHAO C-H, FENG J, LIAO
C, DING X. A high—gain dual-band shared-aperture ar-
ray integrating zero—order—resonance patch and higher—or-
der metasurface antenna [J]. Scientific Reports, 2023,
13: 11647.

[61] WEIL, YANG W, XUE Q, CHE W. Aperture—shared de-
sign of millimeter-wave phased array and sub—6 GHz an-
tenna using diversified metasurface structures [J]. IEEE
Transactions on Antennas and Propagation, 2024, 72
(8): 6362 - 6373.

[62] GUO Q-Y, CHEN P, LIANG M, SUN G-H, WU G-B.
A high—gain aperture—shared dual-band circularly polar-
ized antenna using polarizer integrated dual-functional
surface [ ] |. IEEE Transactions on Antennas and Propaga-
tion, 2024, 72(9) : 6886 - 6896.

[63] YANG W-W, ZHANG Q-H, FAN X, GENG X, QIN
W, CHEN J-X. A sub-6 GHz/millimeter—-wave dual—
wideband shared-aperture antenna by reusing the mush-
room structure [J]. TEEE Transactions on Antennas and
Propagation, 2024, 72(10): 8010 - 8015.

[64] JABEEN S, KHAN Q U, SHEIKH S A. A single—layer S/
C/K/Ka bands shared aperture antenna with novel feed
structure for K/Ka bands[J]. IEEE Transactions on Anten-
nas and Propagation, 2023, 71( 8): 6965 - 6970.

[65]LIUY, LIY, GE L, WANG J, AI B. A compact hepta—
band mode—composite antenna for sub (6, 28, and 38)
GHz applications [J]. IEEE Transactions on Antennas and
Propagation, 2020, 68(4): 2593 - 2602.

[66] DING X-H, ZHANG Q-H, YANG W-W, QIN W, GUO
L, CHEN J-X. A dual-band antenna for LTE/mmWave
mobile terminal applications [J]. IEEE Transactions on
Antennas and Propagation, 2023, 71(3): 2826 - 2831.

[67] GUO Z-J, HAO Z-C, MIAO Z-W, YIN H-Y, DING C-
Y, GANG H-J. A K-/Ka-band planar shared—aperture
beam—-scanning array with a high—isolation for the emerg-
ing mm—Wave shared—aperture terminals [J]. Science Chi-
na Information Sciences, 2023, 66: 152305.

[68] HU M, ZHAO X, ZHU X, YING H, LI B, HUANG Q.
Compact tri-band shared—aperture antenna with large fre-
quency ratio for 5G mobile terminals[J]. IEEE Antennas
and Wireless Propagation Letters, 2024, 23(9): 2613 -

2617.

[69] TANJ, LIY, GE L, WANG J. A 3-D printed lightweight
miniaturized dual-band dual-polarized feed module for
advanced millimeter-wave and microwave shared—aper-
ture wireless backhaul system applications [J]. IEEE
Transactions on Antennas and Propagation, 2023, 71
(4): 3050 - 3060.

[70] ZHENG S Y. A dual-band circularly polarized antenna
with large frequency ratio for 5G applications: Proceed-
ings of International Symposium on Antennas and Propaga-
tion, 2018 [C]. Busan, Korea (South) : IEEE, 2018:
1-2.

[71] XIANG B J, ZHENG S Y, WONG H, PAN Y M, WANG
K X, XIA M H. A flexible dual-band antenna with large
frequency ratio and different radiation properties over the
two bands[J]. IEEE Transactions on Antennas and Propa-
gation, 2018, 66(2): 657 - 667.

[72] DENG QJ, PAN Y M, LIU X Y, LEUNG K W. A singly—
fed dual-band aperture—sharing SIW cavity—backed slot
antenna with large frequency ratio[J]. IEEE Transactions
on Antennas and Propagation, 2023, 71 (2): 1971 -
1976.

[73] ZADA M, SHAHT A, YOO H. Integration of sub—6-GHz
and mm-wave bands with a large frequency ratio for future
5G MIMO applications[ J]. IEEE Access, 2021, 9: 11241
- 11251.

[741HU C, LI Y, WANG J. A large—frequency-ratio multi-
channel bandpass filter based on structure—shared mode—
composite air—filled cavity resonators [J]. TEEE Transac-
tions on Microwave Theory and Techniques, 2024, 72
(6): 3650 - 3661.

[75]HU C, LI Y, WANG J. A dual-band bandpass mode—
composite cavity filter with large frequency ratio: Proceed-
ings of Global Symposium on Millimeter—Waves & Tera-
hertz, 2024[ C]. Hong Kong: IEEE, 2024: 246 - 248.

[76] LIS, YAO Y, CHENG X, YU J. Design of a dual-band
filter based on the band gap waveguide [J]. Electronics,
2024, 13(20): 3982.

[771SU Y, FANY, LIN X Q, WU K. Single-layer mode com-
posite coplanar waveguide dual-band filter with large fre-
quency ratio[ J]. IEEE Transactions on Microwave Theory
and Techniques, 2020, 68(6): 2320 - 2330.

[78 ] DENG J, BURASA P, WU K. Unified microwave tera-
hertz waveguide coupler for multiband wireless applica-
tions [ J]. IEEE Transactions on Components, Packaging
and Manufacturing Technology, 2025, 15(5) : 1032 -
1043.

[79] YANG S, XU J, YU Z, ZHOU J, HONG W. A structure
reuse method for realizing large frequency ratio dual-band
multi—channel integrated filters[J]. IEEE Transactions on
Circuits and Systems Il: Express Briefs, 2022, 69 (4)
2101 - 2105.

[80] WEI H, ZHU F. A dual-band filtering crossover with
large frequency ratio for microwave and millimeter—wave
applications [J]. Microwave and Optical Technology Let-
ters, 2023, 65: 2890 - 2896.

[811ZHENG S Y, SU Z L, PAN Y M, QAMAR Z, HO D.
New dual-/tri-band bandpass filters and diplexer with

large frequency ratio[ J]. IEEE Transactions on Microwave



- LT 5N 5 B K k2

XX &

Theory and Techniques, 2018, 66(6): 2978 - 2992,

[82] TANG W S, SU Z L, ZHENG S Y. Dual-band bandpass
filter with large frequency ratio and independently tunable
center frequencies: Proceedings of IEEE MTT-S Interna-
tional Wireless Symposium, 2019 [cl. Guangzhou, Chi-
na: IEEE, 2019: 1 - 3.

[83] TANG W S, ZHENG S Y, PAN Y M, LIU H W. A fre-
quency independently tunable dual-band bandpass filter
with large frequency ratio and ultra—wide stopband [J].
IEEE Transactions on Industrial Electronics, 2023, 70
(2): 1894 - 1904.

[84] SHI X, SHEN C-W, KE Y-H, CHEN J-X. A frequency—
tunable dielectric resonator antenna with rotatable aniso-

tropic metasurface| J . IEEE Antennas and Wireless Prop-

agation Letters, 2024, 23(1): 429 - 433.

[85]JI1-Y, HAN Y, HONG X. Low RCS frequency reconfig-
urable Fabry—Perot antenna based on liquid metal meta-
surface[ ] ]. IEEE Antennas and Wireless Propagation Let-
ters, 2025 (Early Access).

[86] GUO Q, HAO F, QU M, SU J, LI Z. Multiband multi-
functional polarization converter based on reconfigurable
metasurface ] ]. IEEE Antennas and Wireless Propagation
Letters, 2024, 23(4): 1241 - 1245.

[87] Yin S-Y, Li J-L. Reconfigurable antenna with uni— and
bidirectional radiation patterns based on metasurface and
Fresnel zone plate lens [J]. IEEE Antennas and Wireless
Propagation Letters, 2024, 23(8): 2291 - 2295.



