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Abstract: Due to its distinctive traits such as low energy consumption, high transmittance, potent anti-interference ca-
pacity, fingerprint, THz flexible regulation assumes a crucial role in detection, imaging, radar, and military defense,
and has garnered significant attention from scholars both domestically and internationally in recent years. Nevertheless,
high costs and losses remain significant factors restricting the advancement of terahertz regulation. Perovskite materials
possess outstanding photoelectric properties, a straightforward preparation process, the capacity for mass production,
and thereby become one of the most promising materials for the fabrication of terahertz detectors. Additionally, the fac-
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ile tunability of perovskite compensates for the difficulty in adjusting the metasurface and meets the requirement for tun-

able metasurface. The combination of the two enables effective regulation of terahertz in the light field. In this paper,

we have designed two types of coded metasurface composed of organic-inorganic hybrid perovskite CH,NH,Pbl;, poly-

imide, and aluminum, and manipulated the operating frequencies of the two structures through light field control. The

results were compared with theoretical calculations to verify the effect. The first structure can be controlled by the light

field to select between a broadband operating frequency and high efficiency. The second structure functions only at

0. 1THz and can vary the phase through light, thereby reversing the phase of the original structure to control the direc-

tion of beam reflection. On this basis, we fabricated the device and verified it. To a certain extent, this paper fills the

void in the field of optical field regulation of coded metasurface and offers a train of thought for subsequent research.

Key words: terahertz, perovskite, coding metasurface, light field regulation
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Fig. 1. Schematic diagram of the coding metasurface structure : (a) 0
structure in dark state ; (b) 1 structure in dark state ; (¢) O structure in

light state; (d) 1 structure in light state.
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Perovskite is insulated: (a) Beam pattern of the far
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Fig. 4 Perovskite is metallic: (a) Beam pattern of the far
field for the coding sequence 0101/0101 at 0.1 THz ; (b)
0101/0101 at 0.14 THz; (c) 0101/1010 at 0.1 THz ; (d)
0101/1010 at 0. 14 THz
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Fig. 5 Device diagram of CH,NH,Pbl, encoding metasurface:
(a) 0101/0101 structured encoded metasurface device without
CH,NH,PbLthin film; (b) 0101/1010 structured encoded meta-
surface device without CH,NH,Pbl, thin film; (c) Bottom met-
al layer of the device; (d) Device with CH,NH,PbI, thin film.

IR R MR, il 5 (o) IR s deim #1738 K
WG, AR SE U PR A e v B il iR o, Il 5
(IR,

a X
03 9
——Dark 2
O Rt 0.8
]
.
0.1
0.0
0.1

12 0.08 0.10 0.12 0.14 0.16
Frequency (THz)

6 (o) JE4T 2 T S R AR 45 5 il
3, (b) BB 4573 8 46 T 25 AR TR0 B R -
Fig. 6 (a) perovskite absorption under dark and light condi-

—_
o~
S
N

Absorption (%)
>

Reflection amplitude (a.
=
x

=

0.4 0.8
Frequence (THz)

tions without a coded metasurface; (b) Reflection amplitude

of coding metasurface units at different frequencies.

Bl 6 (a) S/ T JC 2t fih 8 2 1T o 45 Bk 0™ 7 DB 1
FDERRZS T AR . 7E0. 08~1. 3 THz L HIHT,
FETCH BRSNS | E5 500 M RFIROSCR AT, o't R
B TR M R T BRI A T S AR 5 R
R H K22 H PLAE 0~0. 26 THz 15 [, it ik 2
0. 052, F5 8K A4 e} 2t % 8 2 18T #5124 1 A3 06 T 45
THz i [l 7£ 0~0. 26 THz, & 6(b) F5EK A 4 ith 1 5=
A [ 300 258 1 S TR e . #44 FR SFFHR MR AE 0. 1 THz
I 43 51 24 0.99 #1 0. 6, 7 0. 14 THz 5 24 0. 92 FI
0.96, ALy 25 R 505 B4 Rl —8, it — %
WE T 05 B A rT AT . B BBk 5 4 A A8

RIMAES A, AT LR FRE I 5w iR, ik
RE R T AR 2%

4 ZiE

RS o k5 AR A T R4S 2
SEECT R TGRS F 2 A S, 70 R A F 2
B4 P 1R L0 20 2 T 0 T A9 23—
I LW U T — A T T 4 6
S K R T N A SR 2 T AT I
o I CST R Gy LB TSmO i
SPES T L JE— 25 W T AR 2 T 2
YA T AS S T G L I 1 bit 7T A
PR, (03T 2 bit L7 01 2 IRE
ELAT LSS 1 bit T 2 AR L AR AR S B
K 3 o Y A e L 2 AT T LT G
NREMEATHR A (T2 O 454

References
[1] Ghafoor S, Boujnah N, Rehmani M H.Tutorials, MAC pro-

tocols for terahertz communication: A comprehensive sur-
vey [J]. IEEE Communications Surveys , 2020, 22 (4) :
2236-2282.

[2] Valugis G, Lisauskas A, Yuan H, Knap W, Roskos H G.
Roadmap of terahertz imaging[J]. Sensors, 2021, 21 (12):
4092.

[3] Song H.-J and Lee N. Technology, Terahertz communica-
tions: Challenges in the next decade[J 1. IEEE Trans. Tera-
hertz Sci. Technol. 2021, 12 (2): 105-117.

[4]1iYF, Yang R, et al. Simulation of terahertz metasurface
controlled by light field based on novel perovskite materials
[J]. High Power Laser and Particle Beams( AR, %,
A5 BE TR SR M ) O IR s R 2 % 1 )
ML) ], SREOL SR ) , 2023, 35 (12) : 129001-1-
129008.

[5] Zhou C, Peng X.—q, Li. Graphene—embedded coding meta-
surface for dynamic terahertz manipulation (1] Optik,
2020, 216: 164937.

(6] Wang R, Deng B, Wang H, Zhou F. JApplications, Scatter-
ing cross section of rough metallic spheres at terahertz fre-
quencies [T]. Journal of Electromagnetic Waves, 2022, 36
(1):1-17.

[7] Satapathy A, Sawant K K, Mondal S, , Recent progress on
MXenes as an attenuator of terahertz radiation[ ] ] Electron.
Mater,2023, 52 (3): 1749-1768.

[8] Ri K.-J, Kim J.=S, Kim J.-H, Tunable triple—broadband
terahertz metamaterial absorber using a single VO, circular
ring[.]]. Opt. Commun ,2023, 542: 129573.

[9] Wang X, Xiao Z, Wang X, Miao X, Jiang X, Tunable and
switchable common—f{requency broadband terahertz absorp-
tion, reflection and transmission based on graphene—photo-
sensitive silicon metamaterials [J]. Opt. Commun, 2023,
541: 129555.

[10] Ni X, Liu Z, Gu F, Pacheco M, Borneman J, Photonics-



XX L A5 < TG BRE BRI KR A2 59 3 1] i 24 4 8 2 1T TS 7

SHA-2D: Modeling of Single—Period Multilayer Optical
Gratings and Metamaterials [J]. Computational program
20009.

[11]YuJJ, Xie Y, et al. State—of-art of Metamaterials with
Negative Poisson’s Ratio [T] Journal of Mechanical Engi-
neering (“FU5 4%, Wl , TUIARA LRI R SR SE R (1] #L
MCCRRAA4) , 2018, 54 (13): 1-14.

[12] Zhang 7, Pang H, Georgiadis A, Wireless power transfer
—An overview [ ] ]. IEEE Trans. Ind. Electron., 2018, 66
(2): 1044-1058.

[13] Yan X, Yang M, Zhang Z, Liang, Bioelectronics, The tera-
hertz electromagnetically induced transparency-like meta-
materials for sensitive biosensors in the detection of cancer
cells[J]. Biosensors ,2019, 126: 485-492.

[14] Bai L, Zhang X G, Jiang W X. Research progress of light—
controlled electromagnetic metamaterials [J]. (Journal of
Radars (R, 78 5 00, %8 TRE G4 s i W A L F 5
JE[1]. EEZER) ), 2021, 10 (2): 240-258.

[15]LiJ, LiJ, Zheng C, et al.Dynamic control of reflective
chiral terahertz metasurface with a new application devel-
oping in full grayscale near field imaging [J]. Carbon ,
2021, 172:189-199.

[16] Zhang L., Chen X Q, Zheng Y N, et al. Electromagnetic
metasurfaces and information metasurfaces [J]. Chinese
journal of radio science (iK% , BRI G , KB FH T, 55 . FL
RS E R BRI AMREIR) 2021, 36
(6):817-828.

[17] Guo C B, Zhao Z, Xu W K. Research advances of acous-
tic Metasurfaces [J] Science Technology and Engineering
(SRR B F V0 T P 2l SR T ny B9 5 o T 3
(] BHERAR 5 TR, 2021, 21 (3): 845-851.

[18] Yu N, Genevet P, et al.Light propagation with phase dis-
continuities: generalized laws of reflection and refraction
[T]. science,2011, 334 (6054): 333-337.

[19] Li L, Ruan H, e al. Machine—learning reprogrammable
metasurface imager [J]. Nature communications, 2019,
10 (1): 1082.

[20] Zhao J, Yang X, et al. Programmable time—domain digi-
tal-coding metasurface for non—linear harmonic manipula-
tion and new wireless communication systems [J].2019, 6
(2):231-238.

[21] Li Q, Gupta M, et al.Active control of asymmetric Fano
resonances with graphene-silicon—integrated terahertz
metamaterials [ J]. Adv. Mater. Technol, 2020, 5 (2) :
1900840.

[22] Cong L, Singh R, et al. Spatiotemporal dielectric metasur-
faces for unidirectional propagation and reconfigurable
steering of terahertz beams [J]. Adv. Mater, 2020, 32
(28):2001418.

[23] Wu G.-B,Dai J Y, et al.Sideband—free space — time—cod-
ing metasurface antennas [J]. Nat. Electron, 2022, 5
(11):808-819.

[24] Saifullah Y, He Y, et al. Recent progress in reconfigu-
rable and intelligent metasurfaces: A comprehensive re-
view of tuning mechanisms, hardware designs, and appli-
cations[J]. Adv. Sci,2022, 9 (33): 2203747.

[25] Yao X, Ding Y L, Zhang X D, et al. A review of the

perovskite solar cells. Acta Phys. Sin[J](Bk2Z, THimm, 5K
WESE, ESERE R BH 2R ()] W REA ), 2015, 64
(3): 038404.

[26] Zhang Y, Du J, et al.Ultrasensitive photodetectors based
on island=structured CH3NH3PbI3 thin films[J]. ACS ap-
plied materials ,2015, 7 (39): 21634-21638.

[27] 1i C,Han C, et al.Enhanced photoresponse of self—pow-
ered perovskite photodetector based on ZnO nanoparticles
decorated CsPbBr3 films [J]. Sol. Energy Mater, 2017,
172: 341-346.

[28] Zhao Y, Li C, Recent advances on organic-inorganic hy-
brid perovskite photodetectors with fast response [J]. Info-
Mat ,2019, 1 (2): 164-182.

[29] Soleimanioun N, Rani M, et al.Potential replacement to
lead: Alkali metal potassium and transition metal zinc in
organo—metal halide perovskite materials [T]. Journal of
Alloys, 2021, 861:158207.

[30] Tyznik C, Lee J, et al.Interfaces, Photocurrent in metal—
halide perovskite/organic semiconductor heterostructures :
impact of microstructure on charge generation efficiency
[J]. AcS Applied Materials, 2021, 13 (8) : 10231-
10238.

[31] Wu G.-B, Dai J Y, et al.A universal metasurface antenna
to manipulate all fundamental characteristics of electro-
magnetic waves|J|. Nat. Commun, 2023, 14 (1): 5155.

[32] Chen M, Wang Y, et al. Monolithic metamaterial—inte-
grated graphene terahertz photodetector with wavelength
and polarization selectivity [J]. ACS Nano, 2022, 16
(10): 17263-17273.

[33] Wilson J N, Frost ] M, et al.Dielectric and ferroic proper-
ties of metal halide perovskites [J]. APL Mater, 2019, 7
(1):010901.

(34111 Y, Zhang Y, et al.Ultrabroadband, ultraviolet to tera-
hertz, and high sensitivity CH3NH3PbI3 perovskite photo-
detectors| J |. Nano Lett, 2020, 20 (8): 5646-5654.

[35] Hong M J, Zhu L, et al.Time-resolved changes in dielec-
tric constant of metal halide perovskites under illumination
[J]. Am. Chem. Soc, 2020, 142 (47): 19799-19803.

[36] Awni R A, Song Z, et al.Influence of charge transport lay-
ers on capacitance measured in halide perovskite solar
cells[J]. Joule ,2020, 4 (3): 644-657.

[37] Chen M, Zhao Z, et al. Novel Terahertz Spectrum—Mea-
surement Method Based on Spectral Encoding[J]. Laser &
Optoelectronics Progress (B , 8% FU 3K, 45 L TG 4m s
B R 22 6T 1 vk L) ] WO 5ot TR e R )
2023, 60 (18): 1811015-1811015-6.

[38]Cui T J, Qi M Q, et al. Coding metamaterials, digital
metamaterials and programmable metamaterials [1].
Light: science, 2014, 3 (10): e218-€218.

[39] Yan X , Liang L J, et al. A coding metasurfaces used for
wideband radar cross section reduction in terahertz fre-
quencies. [J] Acta Phys. Sin(IEIWr, B2 2245, 55 LT Ghd
7 S T 19 Ao 2% 96 A9 B 7 35 HBCERS A8 T A ol A F 72 [ .
PIFI2EH) 2015, 64 (15):158101.

[40] Monticone F, Estakhri N M, et al.Full control of nanoscale
optical transmission with a composite metascreen [1].

Phys. Rev. Lett,2013, 110 (20) : 203903.



