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From Far-Field to Near-Field: Terahertz Wavefront
Control with Metasurface
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Abstract Terahertz, one of the cutting-edge research hotspots in electromagnetic waves, shows enormous application
prospects in communication, radar, and biochemical detection and so on. The emergence and development of artificial
electromagnetic materials, especially metasurface, provide a new avenue for efficient wavefront control at terahertz
frequency. We elaborate on the relevant works of terahertz metasurface for wavefront control from the perspective of the
spatial distribution of the terahertz electromagnetic field. We discuss various design details and application scenarios of
terahertz far-field and near-field wavefront control and provide the development prospects of terahertz metasurface
wavefront control in the future, which provide new ideas for the study of terahertz wavefront control.
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Fig. 1 Different application scenarios and control methods of terahertz wavefront control with metasurface
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Fig. 2 Terahertz metasurface deflectors and lenses. (a) Terahertz metasurface deflector™; (b)(c) terahertz metal metasurface lens""'"”;

(d) terahertz Huygens metasurface lens™”; (e) terahertz achromatic metasurface lens"™

FmE e R EET. 5EFSIMEBERMI,
4 5 2 T A T R AR T S A TR AR
T2 AT B T R U AR R — ARG
Jo e Hoph I BeAS B T UE

2013 4F ,HuZ" R FH B AMNW VIE KL 4 @ 45 1
Bk T Kbk 25 88 % 1 42 Bl o VIR KR 1Y
KRR O BE 0 4 8T 75 B9 RR 57 49 A 2 i 2] 8 26
T b o S rp A BB 1 4 mm 19 ULEE P T A )
TEFRECTONT U MR S0k TR 2% i 2 T Y 4
SRS o B AR A AV o A A5 2 A 4 8P Y R R
2% G ek Wang % B T B A N A BE B A EE R
1A B 9 C B IT CBE PR 2R [ Bh 52 BT 4% 8 0 A1 407 34
il an i 3Ca) s o 45 SRR 7 o Bk K 2% Uk 1) R
U1 N (o R T TR DT VU 3 S N A |
U REE A 4 B . R A FR AR A 5 A A )
R SNy e B R VAT Daba et R S )
Oy PR B AT A 4 BB Rl AR
R 2 1T LR R 8L R B iR R 0 A L 28R 2N T
EUR A 0 A X Rl e b & R EfF R ER. N
T R X — [A) A, Wang 255 g 6 g SO0 42 00 A A
O3 A FOPR 0 o A UEAT T B TR ERE A R PR A
kg B A BT 5 46 (1) 42 8RR R T, O FL7E B8 A AL 56
R BT 4 BB W AN (= ) B RS Bl B R E
itk . 1R 3(b) Y o AR Y < A TR 67 8 1E A G #
1.0 THz i y B Ak 8 35 43 £ 09 IR R 53 A, AT LA B b
EFHT"HMUWE M4 mm FEH 8 mm iy & .
A % 1T T B S B Y ) 1 T2 B T H A s s o R
T W 7 1) BE 7, BRIV BAE 52 40 S8 H AR R (5 B 1 fig
h T SEEUN O AY S AR, Wu ST T B B
S 1 £ 1) S PR A T B G 45 A A R Y A R R AT, LA

[10,12]

]

HZ A T8 S BT X AR A B 0 A I 19 58 e i
B Ah AT BTt T AR J0 5% i I AR A O ik 4 S
B IR EAT TS B RAE . 151 3(c) J2 1% M R 25 7E o«
AURE R ir iR N e o W N S 5 e N U < o SN
BRo REHAMBEH " BERT —RIETHK
1 fi 31 S 1R A %% 2 T A L R A
O N R e S = N N i e o S R i
FE3(d) BTz o e A, 3 1 6 A 3% 1 e Al LA S 31 3l
A TR B KO 2% 2 T A R R
3.3 KFZERSRHT

Kb 25 52 A% 1F 32 2R T A ) 4k 25 5Ot
X FEM BT S BOR L AR REN I . K
o 2 2 11 52 A O R 3 R KRR 2% AR 48 5 A 1R D) g
(9 22 REVE A7 36 JE 200 I, AN AL RE 5 Dk 2D i 3% 1T A%
PR O R DT IR 86 2% AR e 9 A2 2% 1k b gt —
AR K 2% AR R A S5 I S5 I A2 B T AR
Z R

i B A5 AE R 56 ) — B S A S50, S S i T R
R M A, K A(a) R T —Fh B O ik A
T 038 R P A9 5 23 bk 2% fi 31 73 SR i a Bl AR D £
T A L3 30 S T IE H O AN 4R O 60: 40 B9 73 R LL
P AL R R TE n  A  el  S  EL
AR ARG o Yang AR T IR AL Y A B R R
TS BT i AR SRR R B R b 2% BT AR AR 1 AT L
MRt A T 4 52 56542 1 T i 56 e A2 O 3 EL A 31 T )
75 T 2R A0 R A I o 3 — I B 4% P T LA e e A
52 4 J5t £L A9 Miie-ii 4k 22 B 5 T 9 ok S BL, [ 4(b) Bie
ZA /B~ TV A DO oy b N N D )
AR &SR 2 B R . SRSk R T — LT
T 52 A A A5 9 i 4 52 P 45 1 B 4 4 D 4R 32 % A0 T 1k

1811005-4



MAPM
(wmpiitnde + phase moduletion)
3

~—

i) S

—
-

¥ {inj

F£6055F 18H1/2023 £ 9 B/ B EXBEFZHE

b)
.;

émm

)

experiment | simulalion | calculation

Sr Tt émm Tt 8rmn

| lmmll

oy dmm

_—
z]
St

(d)

i’

rﬁﬂ?
(;( ‘l (}\-*

(C‘ r(’
’(“iﬁéhbu
0“0 [

3 R 2% 4 OB R TAT o Ca) I B ATASE ] FRF 980 1) ) A B8 2% 4 B BB R T
14 A R 2% 4 o R 3 !

51'?1'”! omm 7nm B

U5 (b)) K 2% 2 17 4 B PELRE B A RS 35 (o) 4 S A

() KA T4 BB

Fig. 3 Terahertz holographic metasurfaces. (a) Terahertz holographic metasurface with simultaneously modulated amplitude and

phase™; (b) longitudinal movement of holographic pattern from terahertz metasurface™"

with full-parameter control"*”;
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Fig. 4 Terahertz multiplexing devices. (a) Terahertz polarization multiplexing active multifunctional device"”; (b) terahertz polarization

multiplexing metasurface'; (¢) terahertz mode division multiplexing device™™; (d) terahertz OAM multiplexing device™
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Fig. 7 Terahertz surface plasmon polariton couplers. (a) Surface plasmon excitation unit""”; (b) polarization dependent coupler (the
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plasmon lenses based on slit-pair column""”; (d) complex surface plasmon holography imaging""”’; (e) (I) surface plasmon

polariton coupler consisting of C-shape slit resonators™”
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Fig. 8 Terahertz surface plasmon polariton couplers. (a) A coupled resonator pair composed of a slit resonator and a split-ring

shaped resonator can realize asymmetric excitation"’;
coupler as the basic unit"""; (c) split-ring shaped resonator with mirror distribution™”

different polarized light incidence
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Fig. 9 Plasmonic vortex. (a) Plasmonic vortex generated by circular-shaped slit arrays and Archimedes spiral-shaped slit arrays™'";

(b) two plasmonic vortices generated by controlling geometric phase'”; (c) two plasmonic vortex couplers generated from two

circular-shaped slit arrays with different radius™”; (d) arbitrary topological charge resulted from the interference between

plasmonic vortices came from two couplers''”; (e)(f) temporal evolution progress of plasmonic vortices controlled by couplers

with different structures"”
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