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Abstract

In this study, miniaturization of composite right-left handed (CRLH) transmission line (TL) antennas using via structure is proposed.
The proposed CRLH TL antenna replaces the planar interdigital capacitor structure of the conventional CRLH TL antenna using vias
in the printed circuit board multilayer structure. Via structure derives series capacitance values by replacing the finger-shaped patterned
parts that comprise the conventional interdigital capacitor. The proposed model reduces the increased length of 8.34 mm to 2.66 mm
for every one-cell increase based on an operating frequency of 2.9 GHz. Unlike the three-cell conventional model that utilizes 5.17
dBi at a size of 47.79 mm, the proposed four-cell model utilizes 5.35 dBi at a size of 33.41 mm.
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Fig. 2. 1 Reflection coefficient of the antenna.
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Fig. 3. 1 cell far-field radiation pattern.

(b) Agte <telnt
(b) Proposed antenna

Conventional CRLH
— Proposed CRLH
1]

J8 4. Eplanedl Al 71E Ed 3} Ate Ed9| far-field
WAL SR AlEE ol A

Fig. 4. Conventional and proposed models far-field radiation
pattern in E-plane simulation result.
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Fig. 5. Conventional models far-field radiation patterns in
E-plane simulation result.
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Fig. 7. Fabricated CRLH transmission line antenna.
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= Measured conventional CRLH
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Fig. 9. Conventional and proposed models 1 cell far-field
radiation pattern in E-plane measurement result.
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Fig. 10. Conventional and proposed models far-field radia-
tion pattern in E-plane measurement result.
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Table 2. Comparison with simulation and measurement

results.
Number of cells Gain (dBi)

1 cell 383 (@2.9 GHz)

Simulation 3 cell 52 (@2.9 GHz)
result 4 cell 535 (@2.9 GHz)

5 cell 567 (@29 GHz)

1 cell 285 (@2.9 GHz)

Measurement 3 cell 432 (@2.9 GHz)
result 4 cell 459 (@2.9 GHz)

5 cell 536 (@2.9 GHz)




we] Z-Eia S AR AFE RdaXE 98 4+ 9
om, 7|1E VL AE A D A AT E o e 4 8kE L
Ak B o] 5 2AZA 9 V)5S FA ]7} Hug o
S % QI W‘f——i ANAE7E S8 g RddAE
Ago] 7k AT

2 =M Hop B g FXRE o]&dte] 1D
CRLH ¢teuHe] 23 stol] thal =2]akith 1 cell, 3 cell,
4 cell, 5 cellol A 9] 712 CRLH ¢telube} Aekel CRLH
QtelUHe] 233t} o] 55 HaLstSith Cellol 57}6‘ el
ot} QHE| U Zol= <F 6.5 mm7t S EH, o] 5 cell©]
F7He el mah AlEg ol o] Skt & 2
8ol &= 9lt}. 5 cell®] CRLH A4AZ ot ube] 739
Zo)9] 45 % 23 3HE Adaom, 536 dBielth o] 4
FEA, HokE o] &3 ABYAE AHAH L FEHo] 7}
TS Fgelstsion, JAHYAY AWAHLE o] &3
B2 AZYA 1L4 Ayste] & kS AT F
At

}

References

[1] C. Caloz, 1. Lin, and T. Itoh, "Characteristics and po-
tential applications of nonlinear left-handed transmission
lines," Microwave and Optical Technology Letters, vol.
40, no. 6, pp. 471-473, Mar. 2004.

[2] A. Lai, C. Caloz, and T. Itoh, "Composite right/left-

f+ € 71 [eFFHews - ke g abA]
hitps://orcid.org/0000-0002-6141-6718
20159 29: o}t

/\})
o b 20153 39 ~ &Al: o}ty AAE e
)" 3 A - et B
¢ [ ZA20H mmWave 37174, SIPL, ¢F
Hu, EMI

Hlo}E o] 43 CRLH A$AHE ey 4233}

handed transmission line metamaterials," [EEE Micro-
wave Magazine, vol. 5, no. 3, pp. 34-50, Sep. 2004.

[3] M. Alibakhshikenari, B. S. Virdee, L. Azpilicueta, M.
Naser-Moghadasi, M. O. Akinsolu, and C. H. See, et al.,
"A comprehensive survey of ‘metamaterial transmission-
line based antennas: Design, challenges, and applica-
tions,”" IEEE Access, vol. 8, pp. 144778-144808, 2020.

[4] L. Lei, C. Caloz, and T. Itoh, "Dominant mode leaky-
wave antenna with backfire-to-endfire scanning capability,”
Electromics Letters, vol. 38, no. 23, pp. 1414-1416, Nov.
2002.

[5] C. Caloz, T. Itoh, Electromagnetic Metamaterials: Trans-
mission Line Theory and Microwave Applications, Hoboken,
NJ, John Wiley & Sons, pp. 262-269, 2006.

[6] A. K. Nayak, S. B. Panda, H. B. Mohapatra, and K. C.
Rout, "Compact antenna using IDC based CRLH-TL unit
cell for L-band applications,” in 2018 International Con-
ference on Information Technology(ICIT), Dec. 2018, pp.
18-21.

[7] B. F. Zong, G. Wang, Y. Wang, L. Geng, and D. Wang,
"Compact antenna using finger-connected interdigital
capacitor-based composite right/left-handed transmission-
line unit cell," IEEE Transctions on Antennas and Pro-
pagation, vol. 64, no. 5, pp. 1994-1999, May. 2016.

[8] F. P. Casares-Miranda, C. C. Penalosa, and C. Caloz,
"High-gain active composite right/left-handed leaky-wave
antenna," [EEE Transactions on Antennas And Propaga-
tion, vol. 54, no. 8, pp. 2292-2300, Aug. 2006.

A8 3L (434 7]/Staff Engineer]

https://orcid.org/0000-0002-5615-5912

20124 29: o}Fu s}
Ah

2020L=1 29 ol ghaL

)

20201 3¥ ~&A): A4377] Staff Engineer

[ RAZ0H mmWave, SHE|L}, SI/PIL
EMIEMC Stellu, X424 84, EMI/EMC

AR (39

AR (29

423



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 5, May. 2021.

°of & ¢ [olFTista/A - wAEEIA]

https://orcid.org/0000-0002-4850-6268

2019\ 29: opF st A Abg 8t (8
/K]—)

2019 39 ~ A o}FTSAL Al §F

C UIEHASS 4 - up F3

[ 2 EOH WEeEd ey

424

& ) [T st/ a

https://orcid.org/0000-0002-7095-4614

1998 24: s=r3str|ed A7) 9 AA}
383 (A

2000 2¢: s=retr|ed A7) 9 Az}

7Y 383 (F4AAD

s 2003 2¢: s=rstr|ed A7) g AR}

‘: -/. Fo3} (Fobh

20039 29 ~20061d 8Y: KTel=ZatdA
A2 Add+Y

2006 99 ~&A): obFrj st HAF3IAl FHUES A8}
I W

[ 2AZ0f <Y, A 1A, EMI/EMC




