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Abstract Terahertz wave is the electromagnetic field with frequencies between that of infrared and millimeter
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waves. It has attracted increasing attention in both fundamental research and technological applications for its
unique characteristics. In terahertz telecommunication, radar and imaging systems, terahertz antenna is key
for the performance. To date, reported terahertz antennas suffer from limited phase modulation, relatively low
efficiency and small beaming angle. Here these challenges are addressed by first designing three types of terahertz
graphene antennas with the smallest size of 5 um. Then a novel type of antenna with dual resonances is proposed,
and achieve dynamic phase modulation within the full 2r range and meanwhile high efficiency above 20%. This
performance surpasses antennas with single resonance since dual resonances alleviate the contradiction between
large phase modulation range and high efficiency. Terahertz graphene antennas are fabricated with standard
micro-fabrication processes, and experimentally obtained terahertz dynamic phase modulation of 1.03 THz
with reflection efficiency above 23%, which agree basically with simulation results. Making use of the phase
modulation metasurfaces tuned according to continuous phase coding, terahertz beam steering is numerically
realized with dynamic range of —25°~25°. This work will provide a strategy for achieving large-range phase
modulation and beam steering beyond the terahertz regime..
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Funding
(JCYJ20180507182444250, JCYJ20220531100206014)

This work is supported by Shenzhen Research Foundation for Basic Research

ik

1 35

KR 2EPAGANFAE 0.1~10 THz, XK
£ 3 mm~30 um JuH S . BN T 2K
WHAANZE, ARAERERES. HEK.
J7 Ve 22 A e S o I A SRR B AR e
i, AEZR R JodAl . AN E FR IR
Aol T MAREIRN . Emfr e, 5
W TG 2R 38 5 S U AT N B R
Tl Rt 54 [ A VR R 98 R A R . RO 22 R &
R ZE N H R %L a . T RE
e R AR R AN T AR ST, R AT P 4T
2. BRI, KA RS . FHIAAEE RS
AT AR R 22 R 2k 32 A2 I\ R 2
BT R R, oIk 2w AR R A 1 R oK
PR PR 1 7 ix e R R R

WAk, R B ENIN Z R,
Sy a4 R0 = 4537 48 5 5 5 T R T B KR

WA AL R T, BN R O S ET  E
B, &R TR MY, H RN
Tt B E KR T R TE R —4Ep R, B R
Rety i A = I 2, LA g T ikt
FEOREE R, & RS 2% 3R L. T A
SR AR T R L, I WA H A B U AR
WA, P OB R T ) RS S, AT S
BN A 2 AR 5 B B A B A T
ARk, M TN DO IR T A SR 0
FM R LR B AR 22 AR AL 2 R R H HEAT 17K
BT, JFEUE T EEEREY. BT, 253
SE 56 50 UIF (19 AH A7 18 45 68 R T VS LN T 3607,
AR SRR, M LA A2 Sz o Bk T2
f4n: Huang %" 58 6 W ik B S B T 5
K 243° WA AL AT, ERNSBERE 5%k
A5 Jung EUNETIEGHERS AN, ST R
ik 40% 15 52, (HARAL BB A I R RAUE
68° . MWV IA 88 ) s e 5 2UR 4R [ 31



44 BN, e HET A SRR AR R LR I A 28 Bl S AL A 95 B B R A 1 79

4R R 28% 4R B 60% ", FETEBIE ()
B SEIL T MR R R R A T ) B B S B
AR 2021 R T 5 S R SR TR ) S R R 4R
SEIL T A 180° BB ASAAL AR, R A REA
HE 6%, HEMRA 0. 1 Ffid, SEEl T SR
=5 MR 18°, 3k 23° [zhA Uk R ks 2

150 0 58 0 A 4% R 2R AR sh 25 TR Y5l
RIS WOR Z P J& )8, DA K SIS R i £
FEJG /N MERT, AR SCE et TT T 2 R S IE T
T 4 W) 68 2R T R 28 A S R AR A TR dE R v, gt
MR TR R T —MEE-ASERE
HE R R 2R, (E L PR A BT 7= 2 720° A AL R
AR, I AN M R SR SR RE L, AT sE
W 360° ZhASVE A EE A YA AL R FE ) A R
MER, S R AR L RORE A A 428 5 T 1) A 2% A
R K5, T T &E-A8GREGER
THR 2R o AR, 78 S2E8 ESEEl 7 260°
MO HEIEHE, MEET 23%; &G, K
AN it 7 56, Wit 7 —Fof S8 0 3% B
AN

2 tEfERELSAETT

21 AEHKXMHERLE
AT 3 Pl S ARG Rk, H—
IR R S IE R 2GR 2, WK 1 B,

A
;//
R/

L

(a) RELS R

A=30 pm, A|IFEKE L=8 um, f15)E%EE
W=5 um. £l REAETHrH 2N 1.45 113525
IEIE T, EEETOKRENR Er A0 eV M
B 1 eV B, EIpEEIRE R A BEARN, R
W AT 1 D & 0.5, ARJEIEINE 1, FEf AR
HFE R 0~50° . Jd ik A AR (M 5% 22
) B A B TORRE L, TSR SR I R 2R
SHEVEI SIS W, AN S EEW AR S L
FHALAIE B, B 1 (b) B .

IR SR RIS IR, A
BT T — i RO A S 0 R 2R (HH A 3844
NRZEM &R S 3 ZA0), WE 2 Fis.
Heb, AEKERMEZ. 2% T 2847 E
Ak SEHSHEEFER 4=30 um, N2 E
fE H=28 um, fA8EKE L=8 pm, £ 86 %
B W=5 um. 4 E,.=0 eV I, RLHEHHEICH
B, MR, REERDMA, MG E
Whn, HRVEZRE S, X E=0.3 eV I, 1A
JE e A1k B IR ARAE (56%) , FLIRIEHIBE E. B
B, WK 20) ~ () fin. SR TE
BN 1.5 THz, A4S 2008 B FIAE AL Ex 1
A, mE 2(d) i, X E N0 eV IR
1 eV B, A8 KL F A AL 0° 3 L3 n
2 270° /A, TR BEORFFAE 58%LL b, WREELE
E;=0.5 eV bH— NS, & F-P LIRSS
. MM REE H ARG Wi,

Lo.w__guHH —ooanooe] 100
D=y
0.8 4
\[/ 475
w001 \J <
[ A 150 &
T oo4ar SN =
AAAA
02% 425
: s ALDALDLDY
AA
A ,

. ’ 0
02 04 06 08 1.0
Er (eV)

(b) LIRS R P 1) B &S T 4R

B ESNAEEAHERE

Fig.1 Transmission-type graphene based terahertz antenna
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Fig. 2 The structure and simulations of the graphene antenna
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Fig. 12 The scheme diagram of quasi-continuous beam-steering and calculated results of deflection angles
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