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Field-controlled topological metasurface Terahertz
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Abstract To enhance the performance of terahertz detectors, this study designed and fabricated a tera-
hertz detection device based on an topological metasurface and an MnBi, Te, thin film. The L-shaped
subwavelength microstructures were fabricated using 3D printing technology, and the MnBi, Te, thin layer
was deposited via magnetron sputtering. By leveraging the topological surface state properties of MnBi, Te,
and the localized surface plasmon resonance effect of the L-shaped structure, strong localization of tera-
hertz waves and efficient energy coupling were achieved. The device’s performance in the 0. 1 THz frequen-
cy band was characterized experimentally: without external field, the responsivity (R,) reached 1. 72 A/W,
the noise-equivalent power (NEP) was as low as 8. 23 pW/Hz"?, and the detectivity (D" ) peaked at 5. 43
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% 10” em » Hz"#/W. After applying an external magnetic field (0. 145 mT) and laser (50 mW), the R,
was maximally increased to 3. 01 A/W, the NEP was reduced to 5. 69 pW/Hz"#, and the D" reached 7. 85
% 10” em » Hz"#/W. The research indicates that the L-shaped topological structure and the enhancement
effects of the magnetic/optical field can significantly optimize the photoelectric conversion efficiency and
noise suppression capability of the detector, providing a new solution for high-performance terahertz detec-
tion.

Keywords Terahertz detector; topological metasurface; MnBi, Te, film
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Fig. 1 Structure and dimensional parameters of the topological metasurface
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Fig. 2 Microstructure simulation

1.2 MnBi,Te, MR 27 5 &AL

SR MnBi, Te, WERRR FREFE IS BT 28 X BARAE AR 2% a4 W 25 B B 2 . &
LS T A AT A BRI RS SR B 456 W6 20 O8N B2 TH IR G b T i RE st 2 S M A B T
AT R 4 T i A Al ) RS s E ARG IR TS TR AR R AR R L 4 R A B TR B AR (I S
B8 B E W A G 2 M ) S AR P s TR R RS B ) 45 T2 S 0K ok R 4 L e S B
YK B IOK G H BRI RS 35 ] ELIRZA A L il 5 0 s 35 RO 26 2 (R I B Ab i 75 2R .
HART BB DU E M EL 2 A 10 Pa, @A AR ESR AT 40 em®/min B854 H AR DI
WE A 100 W, SPGB ]2 600 #b, il & i BBy - B Je X DB & A7 VR B 4 B0 2, HERR AR AR A
XIS A R 4 5 R 7F B2 SR vl AT SR ARSI it v H PR3 & WG (A B T
SER T BESS A FH G 20 9 76 SR 3R 1 B AR 82 3 S K FL 38 B AR LR B SR B AR L i T
BN A B A T S s RS e B B R P AR R I T MinBi, Te, $M 1M, i 2 i S
WSS A -/ 53T 3K SRR S RS B R4 i e O B SR BRI . T R RIEHE
IR R 2540 5 00 S SR PR 8O 5 e TR B 4 (CCD) AR MLEAT IR 204 . 4 1813 Ca) BT /1%, MinBi, Te,
(a)

E3

A

g

Intensity

-\

) um £
te14

80 120 160 200 240
Raman shift/(cm™)

{E: (a) MnBi, Te, WHL20GHE; (b f1FS2 A CCD ALK 4. 5 f5 A ar R TR SLA
B3 BRERIEE

Fig. 3 Device characterization diagrams
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Tab.1 Terahertz detectors based on different materials and mechanism

SRR T/
pe B HLH #i%/THz MW 7 3 1 Ref
(pW « Hz %)
Co3Sn, S, /MnBi, Te, FET 0.1 2.6X10° V/W 75 [23]
MoTe, LSP 0.1 17.03 MV/W 9.58 [24]
BP PTE 0. 29 297 V/W 58 [25]
Co,Sn, S, FET 0.1 3.99X10° V/W 256 [26]
PdSe,/MoTe, EIW 0. 308 9.3X10° V/W 1.3 [27]
Ta, PdSe; TSS 0.28 3.63 A/W 7.4 [28]
NbP Antenna 0.3 156 V/W 62.5 [29]
MnBi, Te, LSP 0.1 3.01 A/W 5. 69 A3

VL FET 3800 A s PTE. YR R0 5 EIW . thy TR B TSS. #iHh & 45 ; Antenna; Kok

LA FIRSZIOSE B ST ARBFGR T LB 3D RN R MnBi, Te, A 2Z I 28 38 1 46 b
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AN 50 mW OGRS i B R R TF R 3. 01 A/W, Ny B 5. 69 pW/Hz"? , HiZs 4 Pk REALE [ 45 B4R
D RIS o 37 VR4 30 et 4T A s ) S X AR v L B TR K L 3 3 B T 2R I R I S UK 5 Ok
Y3 3 R ARG M L T AR TR AR T RBR 2% 0 S MR BE AR A . IR S LB b
R 2 TR 114 ) 337 1 55 s T F TR IR AIL A o AN 2800 T B — AR A 2R () 1 BE LA, 560 T 237 s 7E 3 MR
TP AR AT 7. X — R FE 45 S Ry g R R 2 T I 5 A v o 7 15 W s 0 ) A A0 o S B ABE T Ik
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3 4

25 LTI  ASCERH IR T LB 3D MR 5 MnBi, Te, WSS G By AR 2% 1000 &5 , 38 i Z L
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