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Terahertz orbital angular momentum generation based on
ultra-wideband reflective metasurface

HAN Xiaobing', CHEN Jiangxia', WANG Yan>*, ZHOU Yuanguo'

(1. College of Communication and Information Engineering, Xi'an University of Science and Technology, Xi'an
710054, China; 2. Graduate School of Chinese Aeronautical Establishment, Yangzhou 225000, China; 3. Aviation Key
Laboratory of Science and Technology on Electromagnetic Environment Effects, Shenyang 110035, China; 4. National

Key Laboratory of Electromagnetic Information Control and Effects, Shenyang 110035, China)

Abstract: Orbital angular momentum (OAM) has been increasingly investigated by researchers because it is
expected to be a new physical quantity for communication multiplexing and has great potential for expanding
channel capacity and improving spectrum resource utilization. Current terahertz vortex wave generation
devices are limited by operating at only a single frequency, having a narrow bandwidth and having low
conversion efficiency, so how to efficiently generate OAM in the terahertz band has become one of the key
issues. An ultra-wideband reflective meta-atom was proposed, and a single-layer reflective metasurface was
designed by combining the Pancharatnam-Berry phase concept and the phase superposition principle. The
simulation results show that it achieves the conversion of circularly polarized terahertz waves into terahertz
vortex waves carrying orbital angular momentum in a wide frequency range from 0.82 THz to 2.09 THz (with
the relative bandwidth of 87.3%). The amplitude of the co-polarized reflection spectrum is higher than 0.97,

the conversion efficiency is more than 94.7%, and the reflection phase covers 0°~360°. The Fourier transform
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was used to decompose each OAM mode in the reflected field, and the OAM mode purity was quantitatively

analyzed, with the highest energy weight share of the dominant OAM mode /=—2 in all vortex waves at

different frequencies, and the designed metasurface was further optimized to increase the energy share of the

dominant mode. The designed metasurface has the advantages of high conversion efficiency, large operating

bandwidth, and high main mode energy, which provides a reference for the efficient generation of wideband

terahertz vortex waves.

Key words: orbital angular momentum; terahertz; ultra-wideband; metasurface
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Fig. 1 Schematic diagram of reflective meta-atom with ro-

tation angle
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Fig.2 Schematic diagram of reflective meta-atom
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Fig.3 Schematic diagram of OAM vortex wave generation

based on metasurface

W k8 2 T B EAE B 3 PR x-o-y T B, WU
FM AT — DR IT AL E AT LA AR AR R R
(xio yi) o WRTEAR AL AT AT 7R h

@1 (x;,y;) = larctan(y;/ x;) (8)
P 1R R AL AT 2 OAM A EK, W RRFAHh
i 250, AT DL AR B RNV AR SOR L =22 08
{91350 W HC I, A0 4(a) BT o

FHT T 057 10 DR 24 0 S R T 9 A 96 R 199 ke % T
{181 T I IS 2R A1, 5 2 2 R R AR S 3 T g
PN . A SCR IR R BB A F
Ak, H IR FEAEA 3 A PR AR R A

‘Pz(xi»}’i)=k0(\[F2+x,-2+)’,-2_F) (9)

P ko (kg=2m/29) 3 H HR 23 [R)IBCRG F oM AR, R/
AT RAFE R A R, AR SCR A F=1 000 pm,
RAEA AL A an I 4(b) s o MR AH AL 2 i i
B g0 A B R T ERL T BT B R A AL AT
PLe T A
Groi(Xis ¥i) = @1(x1, i) + @23, yi) (10)
AR A2 AR A T LA BT AL AL BT Y e
PSRN /20 B 4(c) fitn iR S5 R R W,
S5 U 1) A 2 43 A1 7 T 00~ 360°1 2 BB E IR 4y
i o BEIE b, G AR AR AL T HE S AN TR
A 0y R T R IT, AT AR B A AR AT R b
F, 7 50114 3% 82 245 [H] AHZE O AM i Jie 5 76 3R T

FHLL/(°)
360

180

1 4 8 12 16
x/pm
(a) IWHEAZ 0,
AABE/°)
360

180

1 4 8 12 16
x/pm
(b) REEA L,
ARBL/(%)

360

180

x/pum

(¢) MAMERL 9,

B4 BREAMEEOTETEE

Fig. 4 Schematic diagram of calculating phase distribution

of reflective metasurface
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Fig. 5 Simulation settings and results of reflective meta-atom

Fig. 6 Topology of proposed metasurface with OAM mode
of I=2
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