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Design of Pattern Reconfigurable Microstrip Array Antenna
in Terahertz Band

Wang Ying, Li Chunshu’, Yan Xiang

School of Electronic and Electrical Engineering, Ningxia University, Yinchuan 750021, Ningxia, China
Abstract A graphene-based reconfigurable microstrip array antenna suitable for the terahertz band was designed in this
study. The design combined the unique advantages of grapheme for impedance matching and electrical controllability in the
terahertz band and the characteristics of high radiation efficiency of the reconfigurable microstrip array antenna. The array
antenna unit embedded a graphene patch in the radiant patch as a switch and changed the switch’s on-off and off-off states
by adjusting the applied bias voltage of graphene. The antenna unit and the array antenna have an operating frequency of
5.012 THz. The antenna unit exhibits strong gain characteristics and anti-interference performance, and can realize the
pattern of adjustment to 12°-24° at the working frequency. The 2X 2 microstrip array antenna composed of the antenna
unit can realize the pattern reconfiguration function of 0°~13°. The simulation results show that the maximum gain of the
array antenna is 12. 5 dBi and the maximum beam width is 51.4°. In addition, the array antenna exhibits good directivity
and anti-interference ability.

Key words graphene materials; terahertz band; pattern reconfigurable; microstrip array antenna; antenna unit
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Table 1 Antenna unit size parameter unit: pm
Parameter L L, L, L, L, w, w, h, h, hy
Size 35 15.5 15 4 0.5 33 1.5 0.95 3 0.017
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Fig. 2 Reflection coefficient of antenna unit
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Fig. 3 Reflection phase of antenna unit
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Fig.4 H-plane radiation direction diagram of antenna unit

3.1.3 REBAMAKREN A

B A S0 W 7 LA BB B AE 0. 1~4.0 eV Z
[], 2508 0. 1 eV BEE — 0 Jlad CST ff BRI E M %
5. 012 THz A FEAT 05 5, 7677 1] B A B2 A [R] B 15 0 T
HOUE 25 e RN 0L o 1] 5 2 R B ITEOMIR ST
4 H T 7 T P, % 2 S R BOTTE oS T Pk aE S
o B 553 20, BEE A1 SRR A S B, B 5
REL T WRAR ) D\ 24" A0 3 12°, H T 46 54 5 1] P 114 e
R S 1 32 M 1oy B, R A T 4G I R
JEE T2 T 14 O T) P I 5 7 AT, 2 B O g M AT T AR
AE 1 2 M08 5 o UER T O R 2k BT Y A SR 0
Fr AL 22 AR A AT L5 S 4R AR AL 9 22 A

(b) —1.3eV
—16eV
L —1.9eV
--24eV
- -- _3'8 eV
: 60 4.0eV
L/ \
- 90 {270
r /
5 !
L1120

180

5 REFITHORMMRA HTE 0 E ()3 R 0. 1~1. 0 eV BF KL T HIE 5 01 5 (b) fb2=34k 1. 3~4.0 eV Hf
KELH.TT H I J7 1) 5]
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Table 2 Parameters of the antenna unit in fine tuning state

FE615FE9H/2024 £5 B/BAEXBEFZHE

Main lobe Main lobe Angular width
pofeV direction /(°) magnitude /dBi  (3dB) /(°)
0.1 24.0 3.91 66.0
0.2 23.0 4.17 66. 2
0.3 22.0 3.62 66. 6
0.5 21.0 4.90 66. 8
0.7 20.0 5. 34 67.3
08 10 oo o BI6 25 2 HOH FE B R by
1.0 18.0 5.91 68.0 Fig. 6 Structure diagram of 2 X 2 microstrip array antenna
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Table 3 Performance parameters of microstrip array antenna

State -Mair.l lobe Ma‘in lobe . Angular width
direction /(°) magnitude /dBi  (3dB) /(°)
Statel 8.0 10.9 41.2
State2 12.0 11.1 41.4
State3 2.0 10.5 46. 3
Stated 13.0 11.7 44.6
Stateb 6.0 11.3 41.7
State6 6.0 11.3 42.1
State7 0.0 11.2 51.4
State8 4.0 11.9 42.1
State9 7.0 11.9 43.8
State10 4.0 12.5 42.5
4 i

A SCHRE T — R 2% D BE L T A AR R R
T [ AT S Bt [ 90 R R, 7 R R R 5 O 8 B
W ) e A A B 0 U R, A S 6 3 el R A AR 0
A2 B 1 L 52 30K 2 B T 11 Bl R IR 3 DA B B 4] K 28
REPILMIF RS . FEMIFERE T M4 BIE
AT 0. 1~4.0 eV Z [ B, K 2k 850 A9 77 ) & 9% 3R
A DAAE 12°~24" N #E A7 4 b3 R 4.0 eV B K
2 BTG A B R MG 45 7.83 dBIL f KPR TEE K
72. 8%, FE U F LR PR T AR S P I o T 38 I Ak Y R i BA
BP0 SRR o i RE B IR TH 1 22X 2 19 B0 B
B RLETE EIN 5. 012 THz F A S8 0°~ 131 7 17 [
Al AL, B S R 2R B G 25 A T 10. 05 dBi~12. 5 dBi Z
], PRSI REBA B m e, RS F42.1°~
51.4°Z [a) , H A7 T 4F (4 77 ) 4 5 8 A R IR A &
FER P THEE T .

Z % x #

(1] Whas, B, IS, & K 2ZEFE RN S
JEEA[T]. s EEOE, 2009, 36(9): 2213-2233.

Yao J Q, Chi N, Yang P F, et al. Study and outlook of
terahertz communication technology[J]. Chinese Journal
of Lasers, 2009, 36(9): 2213-2233.

[2] 5% . W EGES)RLB 505D JLat: b E &
BER 2, 2022.

Zhang Z Y. Design and research of reconfigurable array
antenna[D]. Beijing: Communication University of China,
2022.

[3] Shoghi Badr N, Moradi G. Design and analysis of
graphene-based THz absorber using multi-layer structure
based on increasing profile for conductivity of the
graphene layers[J]. Optik, 2019, 198: 163239.

[4] Alwareth H, Ibrahim I M, Zakaria Z, et al. A wideband
high-gain microstrip array antenna integrated with frequency-
selective surface for sub-6 GHz 5G applications[J].
Micromachines, 2022, 13(8): 1215.

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

0906002-6

6155 9HI/2024 F£ 5 B/BERBFEHE
Malhat H A , Elhenawy A S, Zainud-Deen S H , et al.

Planar reconfigurable plasma leaky-wave antenna with

electronic beam-scanning for MIMO applications[J].
Wireless Personal Communications: An Internaional
Journal, 2023.

Benlakehal M E, Hocini A, Khedrouche D, et al.
of MIMO

communication using terahertz patch antenna array based

Design and analysis system for THz
on photonic crystals with graphene[J]. Optical and Quantum
Electronics, 2022, 54(11): 693.

TR, VA, AR 8 . OROBR 2% I B A AR I AR AT I
KE[T] 4, 2018, 38(2): 0216001.

Yuan Y, Xie Y N, Li X. Frequency-tunable graphene
patch antenna in terahertz regime[J]. Acta Optica Sinica,
2018, 38(2): 0216001.

PAET, BEMN, BRI, AT R 2 AT
A OROBR 2% B0 R R T]. BOt 5ot 7Rk R, 2022,
59(3): 0316006.

Li J N, Li C S, Cheng Z Y, et al. Multi mode
reconfigurable terahertz microstrip antenna based on
graphene[]]. Laser &. Optoelectronics Progress, 2022, 59
(3): 0316006.

TRA AL KPR KRBT P R R B 5 F5 D). #
AU RUIR AL R, 2022.

Zhang Y Y. Design and research of millimeter wave radar
microstrip array antenna[D]. Nanjing: Nanjing University
of Posts and Telecommunications, 2022.

R, RUE, BURBY, &5 —F0 TAETE X P B iy )y
I T B 3 TR R 31 SR 2R [C 1/ 2022 4F 4 1] (o I 2 oK
P2 Wi SCE AL, Bl p E 72 230 &,
2022: 265-267.

Chu H B, Zhu S C, Duan C H, et al. A directional
pattern reconfigurable metasurface array antenna working
in X—band[C]//Proceedings of the 2022 National
Conference on Microwave Millimeter Wave (Vol. 2).
Shanghai: Microwave Branch of Chinese Institute of
Electronics, 2022: 265-267.

Fuscaldo W, de Simone S, Dimitrov D, et al. Terahertz
characterization of graphene conductivity via time-domain
reflection  spectroscopy on metal-backed dielectric
substrates[J]. Journal of Physics D: Applied Physics,
2022, 55(36): 365101.

Tu C, Nagata K, Yan S K. Dependence of electrical
conductivity on phase morphology for graphene selectively
located at the interface of polypropylene/polyethylene
composites[J]. Nanomaterials, 2022, 12(3): 509.
Kolesnikov D V. Numerical investigation of the electrical
conductivity of irradiated graphene[J]. Solid State
Communications, 2020, 308: 113834.

ERET BT SR Y T A R BT [D]. T P
B RS, 2021

Li X L. Design of reconfigurable antenna based on
graphene[D]. Xi’an: Xidian University, 2021.

Ram P, Masoodhu B N M, Rachel J Light R. Multilayer
screen printed flexible graphene antenna for ISM band
applications and energy harvesting[J]. Materials Today:
Proceedings, 2021, 45: 2508-2513.



F61EF9IH/2024 £5 B/BAEEFZHE

[19]

B SCIR WA, RIS T B T A SRR BRI R 2% ik
BopiAen] Al NR KL T Tolk #3500, 2020, 33
(4): 144-146.

Tang W D, Xie Y N, Liu P F. Terahertz band frequency
reconfigurable Yagi antenna based on graphene material
[J]. Industrial Control Computer, 2020, 33(4): 144-146.
A T A AR Y /N AT TR R R AR L (D],
A RRIRE, 2019.

Wang J. Research on miniaturized and reconfigurable
antenna based on graphene[D].
University, 2019.

PR, AT AN . A 2l S R BB R LA S e A
(7], VPRI 2727 4 (A AR B2 R, 2022, 40(1): 24-29.
Chen X Y, Shi N Y. Comparison and analysis of two

Nanjing: Southeast

conductivity models of graphene[J]. Journal of Shenyang
Normal University (Natural Science Edition), 2022, 40
(1): 24-29.

Varshney G. Reconfigurable graphene antenna for THz
applications: a mode conversion approach[J]. Nanotechnology,
2020, 31(13): 135208.

(20]

[22]

(23]

0906002-7

Zhang J N, Tao S J, Yan X, et al. Dual-frequency

polarized

reconfigurable terahertz antenna based on
graphene metasurface and TOPAS[J]. Micromachines,
2021, 12(9): 1088.

Mu Z H, Chen C X, Ma J N,

magnetic conductor loaded, polarization reconfigurable

et al. An artificial

circular patch array antenna[J]. International Journal of
RF and Microwave Computer-Aided Engineering, 2021,
31(11): e22834.

P23 . 1) J& ] 2 A ik SR 4k LR B g F R [D . v
e VAL RO, 2021

Mu Y .
reconfigurable base station with pattern[D]. Xi’an: Xidian
University, 2021.

A, BEAE, AR, GF . T PIN AT A9 I B ] 31 44 3
S WS R T]. SR T2 AT ST S R, 2022, 42
(2): 114-118.

Niu L S, Lu Q, Hua L,
reconfigurable reflect array antenna based on PIN diodes
[J]. Research &. Progress of SSE, 2022, 42(2): 114-118.

Research on antenna and its array of

et al. Dual-frequency



	1　引言
	2　石墨烯的电导率模型
	2.1　石墨烯的电导率模型
	2.2　石墨烯的开关模式

	3　可重构微带阵列天线的设计
	3.1　单元设计

	3.1.1　单元结构
	3.1.2　单元仿真结果
	3.1.3　天线单元微调状态仿真
	3.2　阵列设计

	3.2.1　阵列设计
	3.2.2　阵列仿真结果分析
	4　结论

