
이학준*, 김성중, 남상욱
*ETRI
Seoul National University
Dept. Electrical and Computer Engineering

메타표면벽을이용한 2중편파

1차원광대역(2.83:1) 다이폴위상배열안테나

2017 KIMST 종합학술대회



Applied Electromagnetics Laboratory 

Contents

 Introduction

 Design of a Low-profile TCA Antenna

 Prototype of the Proposed TCA and Measured Results

 Design of an one-dimensional TCDA and Measured Results

 Conclusion

2/17



Applied Electromagnetics Laboratory 

Introduction

- Multi-functional radar

Issues

 Ultra-Wideband Arrays

- Electronic Warfare - Communications

Wide bandwidth
Low profile

Large scan angle
Low cost
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 TCDA concept (low profile) and equivalent circuit

Design of a Low-profile TCA Antenna

- TCDA schematic

- The coupling capacitance compensates the 

inductance of ground plane at low frequency
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- TCDA equivalent circuit
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 Proposed TCA antenna unit cell for 2 to 6 GHz low profile array antenna

Antenna Impedance Controlled TCA with Unbalanced Feeding

- Unbalanced feeding line is designed as a stepped-impedance line
- Shorting posts control the common mode resonance frequency, and via holes remove the 

unwanted resonance

12mm

18mm
18mm

5/17



Applied Electromagnetics Laboratory 

 Proposed TCA with shorting posts and via holes

Antenna Impedance Controlled TCA with Unbalanced Feeding

When scans 45˚ for both planes

- VSWR ≤ 2.6 

- Radiation loss ≤ 0.4dB 

- Polarization purity ≥ 18dB
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Prototype of the Proposed TCA and Measurement Results

 Fabrication

- An 8 X 8 proposed array prototype is fabricated.

- The measured process is based on the unit excitation active element pattern method.

- According to the method, total pattern can be synthesized through post-processing by all 

element patterns.
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Prototype of the Proposed TCA and Measurement Results

Measurement results

- Measured results are good agree with simulation.

- Beam steering is possible with small gain loss for both planes.
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Prototype of the Proposed TCA and Measurement Results

 Comparison with other works

- Although the proposed array has a smaller bandwidth than some previous works, it has a 
notable low profile and is realized by a single-layer PCB without a designed balun and 
resistive FSS

This work [1] [2] [3] [4] [5]

Operating Band
(GHz)

1.97 ~
6.66

7 ~ 21
0.71 ~ 

4.9
0.29 ~ 
4.03

0.6 ~ 3.6
0.29 ~ 

3.9

Bandwidth
Ratio

3.38 : 1 3 : 1 6.9 : 1 13.9 : 1 6 : 1 13.1 : 1

Total Height
(λlow)

1 / 12.6 1 / 5.27 1 / 6.65 1 / 8.92 1 / 5.81 1 / 8.48

Designed Balun X X O O O O

Resistive FSS X X X O X O

Layer Single Multi Multi Multi Multi Multi
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 강한 결합 배열안테나 (Tightly Coupled Array Antenna)는 낮은 높이의

광대역 배열안테나를 설계하는 방법 중 하나로, 개별 소자 간격을 줄여 형

성된 소자간 커플링을 저주파 대역 매칭 특성 향상에 이용

 수직 편파, 수평 편파 안테나를 십자가 형태로 배치하여 이중 편파

특성을 얻고 이러한 단일 엘리먼트를 2차원 형태로 배치하여 이용되어

왔음

1차원 이중 편파 강한 결합 배열안테나 연구 개요
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 2차원 배열이 아닌 1차원 배열만으로 TCDA 이중 편파 특성을 획득할 수

있도록 하는 것이 연구의 목표

 1차원 배열만으로도 2차원 배열과 같은 단일 안테나 경계조건을 갖도록

인공적인 Impedance Surface 를 배치하여 이중 편파 특성을 획득

연구 목표

• HP 소자를 위한
PEC 경계조건 필요 (양 옆)

• VP  소자를 위한
PMC 경계조건 필요 (양 옆)

1D 배열의 TCDA
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 양 옆의 경계조건을 만족하기 위한 Impedance Surface 를 배치하여

1D 배열에서의 이중 편파 특성을 검증

 HP 소자를 위한 conductor slit 구성, VP 소자를 위한 ferrite sheet 를

배치 후 각각의 편파 성분에 의한 동작 특성을 확인함

제안한 아이디어

HP 소자를 위한 conductor slit 배치 (양 옆) VP 소자를 위한 ferrite sheet를 추가로 배치 (양 옆)
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안테나 성능 측정 결과

• 1 x 8 VP dipole array, 1 x 9 HP dipole array 

강한 결합 배열안테나의 성능 특성

• VSWR < 2 기준으로 1 – 2.83 GHz 대역 확보

• 30° 조향시 1.16 – 2.57 GHz 대역 확보

• Broadside radiation 효율 > 81 %

• 30° 조향시 효율 > 70 % 유지
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안테나 방사패턴
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Conclusion

- We proposed low-profile array antenna with the wide bandwidth and scan angle. 

- One-dimensional TCDA  can be implemented using meta-surface wall with ferrite sheet.
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T
his 
wor

k

600 × 200 1 ~ 2.83 GHz
(95.6%) 1 / 5 > 25 > 61 > 8.6 9-HP, 

8-VP(30°)

Dimension
(mm) Bandwidth Height 

(λlow)
Isolation
(dB)

HPBW in 
yz plane (°) Gain (dBi) Array(scan 

angle)
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Q & A
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