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Fig. 1. Based on Dirac semi-metal “back” font structure

diagram: (a) Top view of the unit; (b) side view of the unit.
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Fig. 2. Reflection amplitude and reflection phase curves of the hypersurface unit structure at a Fermi energy level of 0.09 eV with

different (a) period D, (b) large square side length P, (c) rectangular strip width w, (d) top patch thickness m, (e) small square side

length [, and (f) dielectric layer thickness h.
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Fig. 4. Genetic algorithm is used to reverse design array

coding flow chart.
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Fig. 5. The relationship between the number of iterations

and the fitness function value under different coding cycles.
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Fig. 6. Metasurface coding unit structure at Dirac semi-
metallic Fermi level of 0.01, 0.05, 0.09 eV and 0.55 eV:
(a) Amplitude response curves; (b) phase response curve.
3.2.1.1  ERIEFREE
B, Ui B T g R T AR 1.95 THz &b
ANTA] (Bob, pob) T R IR AR . S B AR A
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S I FH Bt A% B30 1 33 ) 1 A5 3] 1) R 2R T B 9]
EIRE, 18] 7(e)—(h) ARARXT I =2 7 i 45 .
i, AFE LT (R0), R (9) 5351 R
(0.10°, 0.29°), (0°, 0°), (0.1°, 0°) K& (0°, 0.1°), #
AR (0.5, 0.5), RIUIMBERERUD, (7 EMS R
SRS HARSAR—2. WIE 7T RTLUEH, BRT
HARFIAL, B BB 7 —LEm R, X2 T 4 Fh
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(e) z (f) z
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|
w
S

B 7 (a)y—(d) (Bob, pob) 43K (10°, 50°), (20°, 120°), (30°, 225°) K (40°, 340°) Hif {24 ok o B4 5 2 ) (TR 5 (e)—(h) X7 f) = 4

L T 1R

Fig. 7. (a)—(d) Array coding sequence results of (6ob,pob) for (10°, 50°), (20°, 120°), (30°, 225°) and (40°, 340°) respectively;

(e)—(h) the corresponding far-field scattering results.

T B R AE 4> 915 10.3, 6.8, 4 M2 3.8 dB. %Y
gE LRI YA A KT 40°, 23 H BRI R A O
BRBER T HAR EMIEOL, 5 B, X2
DRI A DRFACD £ £%) 080 45 91 1] 52 30 8 3% T BT 1 R T 5
TAER K B BR & . Rtz 4h, s FRe
3 dB R TE AN 4.1°, R H bR 325 89 I R 58
JE EBERPES Y RAT A OC, S8t 3 KBRS KD,
CINVE VN

PRIk, 1] FH 35 B0 % e 7 % 1 1) B 9 HE AT
AT, AT A SERAG S8 5 i ek
FRE F A BR % ()85, 38 0] LATE 1.95 THz AbsE
LSS AR AR AE A0 P L J5 (LA FE 360°3
Pl AR 8 T BB o B i, ST IR L G D 283

R T 2D HE R AN AR R L, SR
B 0 B BT Xt AR i T, inikiz
BRI 1 s, AL IEA GRS P51 (B R
AR F AN, 7 50 FAAHTR]) B8 % 2 AN AN, 45 2135
(A 25751, BT 2 3 T LA K G i 8 2 T i R
P 5 O AREAD £, HCARFAT £f G &R sin 6 + sin6y =
sinfz , H i fREAEN o1 = 2 = 3.

W7E 1.95 THz &b, X} BRI (Oob, ob) 5731
h(30°, 225°) I (15°, 225°) AYRES) dmtith it 4745 A1
a5, #e EASBIRER AR (49.36°, 225°).
B BUINEZ B 2 i 2 5 O R 91) 2 i P A = 4

TCI R A RN 8 Fas. i E, AN
P SEAS B3 19 0% R AR BE 1R 22 (R (0) , R () 53 3]
h(0.1°, 0.1°), (0.1°, 0°). AN 152 4 ok o £ )3
W2 (R(0),R(p)) N (0.64°,0.1°), T AILmAL
SRR L 56— R Y R R (A & 3.47 dB, HAnE
I 3 dB PR TEE LN 4.3°. 45K, S5his
TS S b, AR R 2 T . &t T
AN PRI A — B A RS,
HHBERINEZERZ G, fERENEEM, HBER
TR I (RS R AT SR A5, TR, 38 5 5 | A L5 A
IS5, REEHE T+ EA I SRR A o IR Y L.
F 1 GRS AR

Table 1. Specific rules for the Fourier convolution-
al addition operation.

0(0°/360°)  1(90°)  2(180°)  3(270°)

0(0°/360°) 0 1 2 3
1(90°) 1 2 3 0
2(180°) 2 3 0 1
3(270°) 3 0 1 2
3.2.1.2 ZiEERIAE

Xof R E i) Z2 1) R R 2% 18 AN [R)AREA £ R 7 A7 £
T Z PR RS RE A TG U EEE T R
FIATE 1.95 THz AT (Oob, wob) FHIBLE R =
TSR DU IR AR R IR R I I AR AR 6 2 i R v A
A~ BAR F IR ORI A7 R0 77 57 £ A AT 00 ST b R 4
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P bt = R G R (L AR AR ], 5 B 0 A A5 R 1
A1 AFRREST, FAR M AU R (R N S
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0.15°), Bl (0.5, 0.5), RIAMEIRZERVN, 15
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B — R U TR E S BIM2E 6.3, 5.6, 4.7, 3.2 dB,
AT ST () 0 R AR

270
180
- =
_—
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Bl 8 1.95 THz Ab Wiz 52w Al 2 J5 G i HE A S = e 37 i &5
Fig. 8. Pre-and post-array arrangements and 3D far-field scattering results for addition at 1.97 THz.
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(a), (€) (Bob, o) 43 A (20°, 0°), (20°, 90°) XL B 11y 4 51 25 A% 141 5 38 3 B 285 2R 5 (D), () (Bobs o) 73 31 (10°, 45°),
(20°, 180°), (25°, 320°) = i ALK [ 51 45 7% 161 5 3k 39 B 245 585 (), (8) (Bobs o) 23 31 9 (25°, 0°), (30°, 110°), (30°, 220°), (35°,
315°) U o 14 B 5 4 8 161 5 0 S BT 45 215 (), () (Bob, pob) 43501 (25°, 0°), (25°, 75°), (25°, 150°), (25°, 225°), (25°, 300°) 1.
T TR0 B2 1) i ) I 538 37 1AL 45 SR

Fig. 9. (a), (e) Array coding sequence diagrams and far-field scattering results of (6op,@ob) for (20°, 0°) and (20°, 90°) double
beams, respectively; (b), (f) array coding sequence diagrams and far-field scattering results of (0, pop) for (10°, 45°), (20°, 180°)
and (25°, 320°) triple beams, respectively; (c), (g) array coding sequence and far-field scattering results of (Oqp, pop) for (25°, 0°),
(30°, 110°), (30°, 220°) and (35°, 315°) four beams, respectively; (d), (h) array coding sequence and far-field scattering results of
(Bob, pob) for (25°,0°), (25°, 75°), (25°, 150°), (25°, 225°) and (25°, 300°) five beams, respectively.
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Fig. 10. Diagrams of vortex phase distribution for topological charges | = —1, l =+1, | = —2, | = +2 respectively.
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Fig. 11. Far-field scattering diagram and phase diagram: (a)—(d) [ = +1 and [ = £2; (e)-(h) the corresponding pattern purity dis-

tribution diagrams.
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Fig. 12. (a), (b) Coding diagram of a single vortex beam array at (6ob, @ob) of (20°, 120°) and (30°, 225°) , respectively; (c), (d) the

corresponding three-dimensional far-field scattering diagram; (e), (f) the corresponding model purity diagram.
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Fig. 13. (a), (c) The array coding diagram and the top view of the far-field scattering of (0, ob) for the (20°, 0°) and (20°, 90°)
double-vortex beams, respectively; (b), (d) the array coding diagram and the top view of the far-field scattering of (6p, @ob) for the
(10°, 45°), (20°, 180°) and (25°, 320°) three-vortex beams, respectively.
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Fig. 14. RCS reduction plot of the encoded hypersurface
compared to a metal plate of the same size with the hyper-

surface array encoded.
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Abstract

Digitally encoded hypersurfaces show great potential in the field of electromagne-tic wave modulation.
Currently, digitally encoded hypersurfaces in the terahertz band are mainly classified into two types: structure-
encoded and controllable material-encoded. Once a structure-encoded hypersurface is fabricated, its function is
fixed, which makes it difficult to adapt to changing application requirements. In contrast, the controllable
material-encoded hypersurfaces can achieve dynamic regulation and multifunctional switching of terahertz
beams by changing the external excitation, which shows good reconfigurability. To address this challenge, a
Dirac semimetal-based encoded hypersurface is proposed in this paper. The Fermi energy level of the Dirac
semimetal is varied by changing the bias voltage, which in turn dynamically adjusts its relative permittivity to
obtain the coded unit. Besides, the traditional gradient-phase method encodes arrays by periodically arranging
the cell structure, but there are limitations in the flexibility and accuracy of beam modulation. In order to break
through these limitations, this paper employs a genetic algorithm for the inverse design of hypersurface coding
arrays, which effectively improves the initiative and flexibility of beam modulation. In this paper, a three-layer
terahertz-encoded hypersurface unit with a “back” structure composed of Dirac semimetallic materials is firstly
designed, and the Dirac semimetallic dielectric constant is dynamically adjusted by using an applied bias
voltage, so that the hypersurface unit is at 1.95 THz when the Fermi energy levels are 0.01 eV, 0.05 eV,
0.09 eV, and 0.55 eV can achieve 2bit coding. The results show that, for beam configuration, single-beam and
multi-beam (two-beam to five-beam) modulation can be achieved at 1.95 THz within 40° pitch angle and 360°
azimuth angle; for vortex beam generation, single-vortex beams with +1 and +2 topological charges can be
generated, with mode purity exceeding 60%, and single-vortex, double-vortex and triple-vortex beams in pitch
angle and 360° azimuth angle can be realised with the vortex-phase convolution. In terms of RCS reduction, in
the frequency range of 1.72-2.51 THz, the hypersurface is able to achieve more than 10 dB of RCS reduction,
especially in the frequency range of 1.82 THz, the maximum reduction value is up to 27.5 dB. achieves the
diversity of functions, but also has a high degree of reconfigurability to meet the needs of complex application

scenarios.
Keywords: Dirac semi-metal, genetic algorithm, coded metasurface, multifunction reconfigurable

PACS: 42.79.Fm, 42.70.Qs, 42.82.Et DOI: 10.7498 /aps.73.20240225
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