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Fig. 1. Schematic illustration of the main content of the article, divided into four parts: van der Waals materials, plasmonic struc-

tures, enhancement mechanisms of plasmons, and applications.
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Fig. 2. (a) Schematic diagram of the physical model of SPPs at the interface between two medial®?; (b) dispersion relationship of
SPPs at the interface between metal and air (gray curve) and silicon dioxide (black curve)?; (c) schematic diagram of the physical
model of LSPRs in nanoparticles!'”; (d) phase distribution of subwavelength metal nanoparticles in LSPRs relative to the driving
field frequency®; (e) near-field distribution within the spherical scattering body of radius R that generates electromagnetic radi-
ation and forms Mie scattering®!; (f) Correlation between Mie scattering resonance energy of gold nanospheres of different sizes and

plasmon resonance linewidth!?3.
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Fig. 3. FDTD electric field distribution simulation of nanoparticles with different shapes: (a) Electric field distribution of spheres
with diameters of 30, 50, 80, and 100 nm!*); (b) electric field distribution of core-shell structurel’; (c) electric field diagrams of

micro-ITO nanorods and micro-ITO dimers antennasl'’; (d) electric field distribution centered at 1.75, 2.70, and 3.20 eV in the

triangular particle spectrum!s.
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Fig. 4. (a) Schematic showing the Au core-multilayer MoS, shell structurel®; (b) the possible photocarrier generation paths in the
Au@MoS, heterostructure’”); (c) the variation of photocurrent and responsivity on the Au@MoS, phototransistor with incident
power, as well as the variation of photocurrent and responsivity on the multilayer MoS, phototransistor with incident power!?;
(d) schematic diagram of a WS, nanodisk/graphene van der Waals heterostructure photodetector and an enlarged view of the WS,
nanodisk/graphene photodetector, showing the charge transfer process at the van der Waals interfacel®™; (e) spectral light responsiv-
ity of the WS, nanodisk/graphene photodetector (red) and the WS, continuous film/graphene photodetector (black)P"; (f) genera-
tion and transfer process of hot electronsP; (g) schematic diagram of the heterostructure WSey/ReS,P”); (h) optical resonance phe-

nomenon under horizontal and vertical polarization and its contribution to electron-hole generation!®.
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Fig. 5. (a) Schematic structure of BP photonic devicel®; (b) schematic diagram of 1L-MoS,-NCOM; (¢) two designs of BP plasma

structures®; (d) absorption spectra under two different polarizations (armchair and zigzag)!®); (e) simulated size of electric field

strength |EJ? in LSPR and SLR modes throughout the entire cell; (f) schematic diagram of far-field directional radiation calcula-

tion scheme based on antenna improvement, yellow represents GNR material, blue represents monolayer MoS, film(®),
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Fig. 6. (a) Schematic diagram of mixed grating-graphene structure under plane wave incidencel™); (b) comparison of normal absorp-
tion spectra for pure silver gratings, independent graphene, and gratings covered with graphene (r = b)["; (c) schematic diagram of
the fully linear polarization light detector™; (d) near-field distribution when the focal plane lens is in contact. The electric field dis-
tribution at the contact point with and without grating structure under illumination of 0° and 60° polarized light!™; (e) MoTe,-
based photodetector mediated by on-chip SPPI™); (f) normalized photocurrent as a function of the incident polarization direction,
the orange squares represent the incidence on the grating, and the blue circles represent the incidence on MoTe,™; (g) schematic
diagram of the preparation process‘!; (h) simulated absorption spectra of Graphene-Au nanogratings under TE and TM polariza-
tion light illumination®V; (i) electric field distribution of unpolarized light on Au NGs and Gra-Au NGs at a wavelength of 1327 nm/®!;

(j) dependence of the device photocurrent on the polarization anglel6!.
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Fig. 7. (a) Device structure of a broadband CPL photodetector™; (b) electric field distribution of the plasma super surface under
illumination with linearly polarized light and CPLI™); (c) light current direction under LCP and RCP irradiation™; (d) calculated
wavelength-dependent CPL detection rate values, the In,Se; shows the wavelength-scanned photocurrent measured under LCP and
RCP light illumination™; (e) experimental measurement of quarter waveplate angle-dependent zero bias photocurrent for different
wavelengths of incident light™; (f) schematic diagram of a nanoscale antenna-mediated semimetal photodetector™; (g) schematic
diagram for calculating the cone-shaped nanoscale antenna's light response at an orientation angle of /77; (h) simulated light
response of CPLI™; (i) schematic diagram showing the cavity-dependent polarization photon output of quantum electrons in WSe,
with different chiral plasma fields under a finite vertical magnetic field BI™; (j) scanning electron microscope image of the plasma

latticel™!.

i 7(j) Fros, SEELT AR B PR B R T
Jh EFEROUE S EAEGERAE TR TR,

TR BT S A o A R L 9K R L)
J¢ NPoM &8 Z Mk itigte, 76 R RN 25 A
o stfe. Hal o FHEEmEES vdW i gt
FIFVEH, & 3Tt CPL #4848 19 R 8% | X R
A TE, SCEL T miR(E Bt R &, A
e A B UG T R RO G AR T R
IR

AT GE = 2R B WOt S vdW #EHE P
[FIVER, $800 T i S Hm v re iy 32 - BILAR] 5 0 FH
Hi 5. 4% 0] SR S5 B o T A A FD LT S50 7 18]
¥, 5 vdW #E (4 BP, MoS,, In,Ses) ASFE ()0

ST SRR A U RIAANE, SEEE TR R AR ARG
SR e N 5 I B R P A O
SN2 R 3 A S 35 4 S ) i D FC AL, G
58T TM AT -Y A AR, JF A 8
In,Ses. MoTe, 55 vdW # L& 2 th SEHL T 98 7
TM/TE s dil FR m AU IR A 4 . F-HEE 5
T 25 K R FE L AT SR R PR R, 5 IngSes,
WSe, 51 BFHE A 5 AT A RL X 43 LCP/RCP JiE ],
SEH R X L B AR AR I, L & 7R R SRR R
TS T R R PR O & 4. 2% 1SS TR
A5 B VRTS8 R ) YA B E TR U 25 i I 0
(R BESRAIL ] | I 251 BEFE AR LA S AR IR P RE AR i
Z2REEM 5 vAW AHRHSE S ALY T DR

228502-15


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 22 (2025) 228502

FOAEIEE (N fim fi 210 B 9% ), 30 188 3 Jmg Jml L 37 484
5t AR BN TR IR SR ZFLE], SCB TR R
% DA | T AR A R IR AR A T AR, ol
WA RS | et Bor b5 B AL B
HE T HOR S,

4 BLRATE 5 HR&

4.1 KRN AU

BEE PG RO A B & e, b RE IR PR
TR G | IR PR AR S A IR DL K R I
Fer A S S 77 R H 2838 RARVE e
SRR, RRFEEL, BRI L g g
TCIES PN 2 4B, SR, LG AR AR 5 52
ZR I A, BRI T gy /N B4R S AR R
vAW AR A5 R () 2 R G5 AN A S i e e
A, 45 A2 B IOTRON , ST MR G i R A
JEE M S RIS PR AR, A T R 4 W FH A R
E R AR,
41.1 RIS EABAE

ERHEE (G R R AP K T = T, (R4
A A4 Y63 £ 2R G0 T T e A7 58 2 BR AV 5 T3
S50 R) 250, i i RO 3 £ AR R R G Y
IR AL R B AEEA, A RERTH T8
ARG R AR SPTIAE S M. Jo e K I B b ar
A o D BB BT 5 I e A4 ™ T S,
T X 7 25 940 A 8 0 s 5 S s M AR A5 S S

VNI SR RN ST YRR P e T F
A, ML 2 B A5 0 e N AL AR AR Y
YT R, SEBOT-vdW PR T 25438 11 4 TR
YOREE ) IR REE 5 BP, ReS, S MR G
£ S RIVE T, TR LA Be SE T >20 dB
FROTH D' LU IR R Wi W7 SR, Ay v SR R 2% AH 138
PR T A AL TR (A BE il 0). [RI R, 1284k B
R IIE f Bl S R g s SR R, A B T
TR R S AL PERAE 0 B b, S D P
fE {577 2y 52 L.

Wang %5 P WF58 T — M BT InySes 5 = HJiE
B X PR A AR Y 1) 2 AR S AR I, I
TR EFENE SPPs 55 AU AN X FRES S, 727% i Ik
T S BN 2 A B A U W 2. 7R AT UL O D B
(633 nm), a4 AT B L IR A -5 65 A [R]
AR, DG G R LY 6 A%, IR AR L2111, 0
&l 8(a)—(d) Frzs, et 25 DGR S (spa-
tial light modulators, SLM) X} G 9% i 47 K
JEE G, I PTAE AR A% 1L A HET A I “love” “HNTU”
S EPREZR, R T AR . EER P m R E T
AR T ). Ak, Liu 45 BUBFSE T4 52 MoSe,
BT A EoT s b ST R A AT
B RIS (second harmonic generation, SHG)
VEFEFER H HITE] S(0), () R, B ML AR
PRy T L 14.86 dB HYIFDELL, H SHG {555
JEPRTIIL 13.8 £, HAx RAFIUAHTHEORFRRE ). 1%
G A ITE R FOUE b2 5 & 74
YRR 7 ) 24 BRI Y ).

1 NIFAEEOTE XS P E I RIS IR AR TN A8 OSSR AL | RIS R AR | IR PERESS xS 1L

Table 1.  Comparison of plasmonic structures for enhancing polarization-sensitive van der Waals photodetectors: mechan-

isms, detector metrics, and polarization metrics.
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Fig. 8. (a) Schematic diagram of polarization information encoding and decoding system(™; (b) time-dependent decoding process of
the correspondence between input grayscale signal, detected photocurrent (IDS, 1 and IDS, 2), and polarization anglel™; (c) meas-
ured photocurrent results of IDS, 1 and IDS, 2[™); (d) reconstructed polarization angle information on the pattern: “Love” shape is
0° linear polarization; “H” shape is 75° linear polarization; “N” shape is 90° linear polarization; “U” shape is 120° linear polarization!™;
(e) functional schematic diagram of a MoSe, plasma hybrid integrated nonlinear router®®!; (f) log-log curve of second harmonic
photon counting for two circuits with respect to input laser powerl®!l; (g) schematic diagram of the principle of light encryption com-

munication based on BP photodetector®); (h) response characteristics of BP photodetector to received signall%.
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Fig. 9. (a)—(c) Schematic diagrams of logical AND, OR, and XNOR operation systems, including mixed photoelectric signal inputs,

as well as symbolic schematic diagrams and truth tables for logical AND, OR, and XNOR operations®; (d) schematic diagram of

an encrypted/decrypted optical communication system design®®7; (e) demonstration of encrypted image transmission®; (f) experi-

mental device for encoding and decoding polarization information(™; (g) decoded images over timel™.
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Fig. 10. (a) Schematic diagram of the MoS,-Ag nanograting array structure [?; (b) image preprocessing process!?; (c) comparison of

image recognition rates before and after preprocessing/®?; (d) the dual-arm metasurface structure on graphene can localize light of

different wavelengths and handedness on either side of the dual arms, generating vectorial photocurrents/®/; (e) corresponding en-

coded photovoltage output signal in dual light incidence model®; (f) schematic of the on-chip full-Stokes polarimeter®; (g) matrix

representation of the OCMI93,
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Abstract

Polarization detection is a fundamental way to obtain the vectorial nature of light, supporting advanced
technologies in the fields of optical communication, intelligent sensing, and biosensing. Two-dimensional van der
Waals materials have become a promising platform for high-performance polarization-sensitive photodetectors
due to their inherent anisotropy and tunable electronic properties. Nevertheless, their intrinsically weak light
absorption and limited photoresponse efficiency remain major bottlenecks. Plasmonic nanostructures, which can
achieve strong localized field confinement and manipulation on a nanoscale, provide an effective strategy to
overcome these limitations and substantially improve device performance. In this review, we systematically
summarize the coupling mechanisms between plasmonic architectures and vdW materials, highlighting near-field
enhancement, plasmon-induced hot-carrier generation, and mode-selective polarization coupling as key physical
processes for enhancing photocarrier generation and polarization extinction. Representative devices including
metallic gratings, hybrid nanoantennas, and chiral metasurfaces are compared in terms of responsivity,
detection speed, operating bandwidth, and polarization extinction ratio, revealing consistent improvements of
one to two orders of magnitude over bare vdW devices. We further survey emerging applications in the fields of
high-speed polarization-encoded optical communication, on-chip optical computing and information processing,
and bioinspired vision and image recognition systems, where plasmonic-vdW hybrid detectors demonstrate
unique advantages in miniaturization and energy efficiency. Finally, we discuss current challenges such as large-
scale fabrication of uniform plasmonic arrays, spectral bandwidth broadening, and seamless integration with
complementary photonic circuits, and outline future opportunities for next-generation polarization-resolved

optoelectronic platforms.

Keywords: polarization detection, plasmonics, van der Waals materials, surface plasmon polariton, localized

surface plasrnon resonance
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