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Fig. 1. (a) Unit cell of graphene diffuse reflecting surface;
(b) the current distribution under resonance/non-resonance

condition.
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Fig. 2. Dispersion curves of graphene surface impedance: (a) Real part; (b) imaginary part.
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Fig. 3. Reflecting response of amplitude (a) and phase (b) of graphene diffuse reflecting surface unit cell.

REEIEHITE

ARG RT3 5 8 s, 3T 0 80 /48
ir ) A5 AL BT R S S 3R I B A5 A (a3 7
HlsESuawy)

f(0.0)=[c(0,0) AF (6,9), (1)
AF(0,9)
M N 1
= Z Zexp{ijm — i)kodsinﬂcosqﬁ
(2)

+ (n — %)kodsinﬁsimb + go(m,n)} };

Horpr fe (0, ¢) Fn BRITHY Iy a1 I R A 0 711 6 4390 4%
A ST M5 NIRRT AT RS
GV, ARSI Rl IE DT TR RS, M = N5 d
Fon oMy i IR, kot H A [
. A(a) FIE 4(b) 43 3 A S WA 2E 34543 53
0 F10.8 eV B}, 18805 /4 JE VM E SR oC L A i
BIEEE @

3 HERGM
5t

AR SCHE 0 S A 18 R S R T
K5 . Horp ) ARSI 1 45 518 3 4501, E X
Wi FR A BT R R “JRTF7 A 5 B, 76 TAEMR
A 1 THz B H 5 5 08 FE 3 — 4k 5 LB Ra : Re =
1:0.81, G0 5(a) . [RIEE, K44 BB <437
) A, B Fp IR 57 08 B Na: Ne ik BU R
round (R : Rp) =4:5, Bl it “4 77 Hp 34y &
9 BT FEHEFIAL A D T, 0] RS [ AH <R
T AHARIE L, A SO AR« 4544, 4n
K 5(b) Fi7s.

it PR RSN <o S5 R AT RS R AL
EEEIWE 5(c) frik: PIiGH A A —Eh 1
BRI, TORL TR A SCHE 2 18 B S BB Y TR
%, il a1 DIBENL T Ptk s gl k. A2
IR S5 R 20 T RS (1) A8, Il

3.1

(a)

E 4
s

A B8 AL 2 O [RGB A5 A8 1 7 1] 5] e
(a) 0 eV; (b) 0.8 eV
Fig. 4. Pattern function of unit cell under different chemic-
al potentials of graphene: (a) 0 eV; (b) 0.8 eV.
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Fig. 5. Design method of dynamic diffusion reflecting surface of graphene: (a) “Atom” property; (b) “lattice” structure; (c) al-

gorithm flowchart.
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Fig. 6. (a) Iterative convergence process of diffusion calculation; (b) far field distribution of diffusion surface after optimization;

(c) array structure of reflecting surface.
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Abstract

Electromagnetic diffusion surface can reduce the radar cross section, thus profiting stealth of targets.
Terahertz diffusion surface has a wide prospect in the field of next-generation radar and communication,
promising to act as a kind of intelligent smart skin. In this paper, utilizing the excellent tunable properties of
graphene in the terahertz band, a hybrid structure of graphene and metal which has inverse phase response of
reflecting waves is proposed. The reflection phase switches in the mechanism of resonant modes and can be
controlled efficiently by the bias voltage. Meanwhile, unlike metal materials, graphene has a non-negligible loss
characteristic, which leads the response amplitudes corresponding to the two different switching states to be
inconsistent with each other. According to the interference and superposition principle of electromagnetic field,
it is not conducive to eliminating the coherent far-field, leading to an unsatisfactory diffusion result. In this
paper, we present a “molecular” structure by secondary combination of the above-mentioned reverse phase
element states, and take it as the basic element of the diffusion surface. Finally, we use particle swarm
optimization to optimize the arrangement of “molecular” structures. The final diffusion surface consists of a
combinatorial design of “molecules” rather than randomly distributed reflection units. In addition, molecules
designed artificially have similar amplitude responses but different phase responses, which improves the
convergence speed and reduces the computation quantity during algorithm evolution. The method of designing
molecular structure, described in this paper, is simple, rapid and widely applicable, which effectively improves
the amplitude-to-phase modulation ability of graphene metasurface against electromagnetic waves. When diffuse
reflection optimization is applied to most of graphene metasurfaces, the method described in this paper can
achieve the results that are the same as or even better than the results after a large number of iterations of
traditional particle swarm optimization in the most computation-efficient manner. The results show that the
dynamic diffusion surface designed by this method has the advantages of fast convergence speed and small far-
field peak.
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PACS: 41.20.Jb, 42.68.Ay, 42.68.Mj, 52.25.0s DOI: 10.7498 /aps.70.20201034

* Project suported by the Open Fund of the National and Local Joint Engineering Laboratory of RF Integration and Micro-
Assembly Technology, China (Grant No. KFJJ20180205), the Science and Research Start-up Fund for Introducing Talents
of Nanjing University of Posts and Telecommunication, China (Grant No. NY218113), and the Nanjing University of Posts
and Telecommunication Science Foundation, China (Grant No. NY219077).

1 Corresponding author. E-mail: feng.xu@njupt.edu.cn

034102-7


http://doi.org/10.7498/aps.70.20201034
http://doi.org/10.7498/aps.70.20201034
mailto:feng.xu@njupt.edu.cn
mailto:feng.xu@njupt.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

