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Fig. 1. (a) 3D schematic diagram of monolayer MoS, absorption enhancement system; (b) the corresponding top view. The specific

geometric parameters are shown in the figure.
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(a) f£ D, = 220 nm, D, = 175 nm, Dy = 0.615 nm, Dy = 380 nm, P, = 1010 nm, P, =890 nm, W, = 89 nm, W, = 170 nm,
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Fig. 2. (a) Absorption spectrum of MoS, monolayer (blue line) in the perfect absorber at D; = 220 nm, D, = 175 nm, Dy =
0.615 nm, Dy = 380 nm, P, = 1010 nm, P, = 890 nm, W, = 89 nm, W, = 170 nm, A = 832 nm, B = 712 nm. For comparison, the
light absorption spectra of the entire absorber without MoS, (red line) and bare MoS, monolayer (black line) are shown (Mode A

corresponds to absorption peak 1, Mode B corresponds to absorption peak 2, Mode C corresponds to absorption peak 3, Mode D

corresponds to absorption peak 4); (b) the real part (blue line Re(Z)) and imaginary part (green line Im(Z)) of the effective imped-

ance showing the ideal absorption peak.
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Fig. 3. Numerical calculation of the absorption, reflection and transmission spectra of the structure with (a) and without (b) silver

layer under normal TM polarized light, where A represents absorption, R represents reflection, and T represents transmission.
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Fig. 4. Absorption spectra when the air groove is (a) cuboid, (b) cross-elliptic disk, (c¢) triangular prism. D; = 220 nm, D, =
175 nm, D3 = 0.615 nm, Dy = 380 nm, P, = 1010 nm, P, = 890 nm, A = 832 nm, B = 712 nm,.
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PRI (518.8 nm)
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IR, (d)— (F) JEFEARBIR (AR K 542.0 nn) BEIL oy, y-2 BT oo BRI ROSL 5 (| )) 475 O RIS 52

Fig. 5. Simulated electric field (| E|) distributions of (a)—(c) resonance mode B (resonant wavelength of 518.8 nm) in 2-y, y-z and z-2

based on the MoS, absorber; (d)-(f) simulated electric field (]E|) distributions of non-resonant mode (non-resonant wavelength

542.0 nm) in z-y, y-z and 2-z under normal incidence.

518.8 nm f—Kr GMR (E GMR1 #%), 565.9 nm
9 — B GMR. (B GMR2 #%), LI 600.3 nm )=
Br GMR (HP GMR3 #55). PRI B MoS,
Jel [ 1 4% A i AR A7 A . MoS, J2 A Y
JRFR HL G SRR LB MoS, MR, #E T A R0 B2 T
R IR . AR L, L GMRO R4, 1T L
B WLJEIRL IR y 77 10T s M 3 3 )T 3k 13
B R G A AE GMR. T LAY A G A3k %) 0 g
U AR 22 ) AR AN DG A 25 S I, T A 8
ﬁ GMR[44_46].

R BRI, v LLR BRI A A
(18 B I A AT Ut I 20 55 T [ A Bl 2 3. [m] A,
] DR AT DT R P, S8R 1 1
FER H MoS,, HIWILTF S5EH K IC, [#
AR R IEARBAT AL SERR T LAT S50 LATE S
AN AN, LR 0 i e S R TR I
E A roTik. B, O T 5 A b PR AR A I
FHBAHUH, 2 TR E e T S0, B D, 5
AR INE R v, ZIESE R, DL AN
Jr RS SR Z B R TRIEE W X MoS, WIS B 11

oM, 55 NE 7(a) FEL 7(b) B, WEl 7(a) BT
7N, 24 Dy M 155 nm 4 E 195 nm ([E]FE°A 10 nm),
DU LPR M e 77 A T 41 8%, Mode A—C AR I
9 B 14 2 S 1 KR U8/, Mode D W I 3 Bifi 25
D, B JEEERG MG . Wil 7(b) Frow, MK Ik
o5 M 22 Jal B 4 TRL I W, R B8 BE N 170 nm 48 K
#| 210 nm ([A]F% 4 10 nm) B, Mode A—D I
WO (R A7 B 2 B B AR Ak, HR IR R
R, XA R ERES AN R v, AWK, o
WA S SR A RS XTI, AR T XRG4
2 I ARFEE | G SRR A FE R G i =R, A
i, AT AR BIAE Dy = 175 nm A1 W, = 170 nm Ab
BT ELAT I SR 7 DU B e SRR X SE G
HBULI X250 HAT B4 i W s b mT Rk

WS 43, B R W s 7E A W] PMMA R B
Dy Ve Wy F W ISR AN 3y, Z I E R,
TEE 8(a) 11, 24 Dy M 330 nm HEHNF] 430 nm ([7]
B 25 nm) B, Mode A—D A9 W Y5 [A] Bof S 384 K
JE /N, BAE Dy = 380 nm i ] i 1k 51 5 SE Wik
PR, 7218 8(b) Hr, PUANBE LR IEREE Dy 1
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Mode A =510.0 nm Mode B =518.8 nm Mode C = 565.9 nm Mode D = 600.3 nm

..,

500 0 500

400 0 400 400 0 400 400 0 400
500 0 500 500 0 500 500 0 500 500 0 500

B 6 (a)— (d) oy BRIE I IFIE; (€)— (h) y-2 BRI B 5185 ()— (1) a2 R 09 1 55 1] (FE1 o Mode A XF B 1, Mode B
X 137 W WA 06 2, Mode C X 1 W WAL g 3, Mode D X137 W US04 4, A, = 510.0 nm, Ay, = 518.8 nm, A3 = 565.9 nm, Ay = 600.3 nm)

Fig. 6. (a)—(d) Electric field diagrams of the z-y cross section; (e)—(h) the electric field diagrams of the y-z cross section; (i)—(1) the
electric field diagrams of the z-z cross section. Mode A corresponds to absorption peak 1, Mode B corresponds to absorption peak 2,
Mode C corresponds to absorption peak 3, Mode D corresponds to absorption peak 4. A, = 510.0 nm, Ay = 518.8 nm, A3 =
565.9 nm, A\, = 600.3 nm.

1.0 1.0
(a) —
W; =170 nm

081 D, = 155 nm 0.8 W, = 180 nm
o D, = 165 nm - Wi =190 nm
% 0.6 D, = 175 nm % 0.6 Wi =200 nm
3 I D, =185 nm 3 Wi =210 nm
@ e = @
2 04 D, =195 nm < 04r g

0.2 0.2

0 1 : = - 1 1 1 0 1 1 n -. 1 1 1 1
510 540 570 600 630 510 525 540 555 570 585 600 615
Wavelength/nm Wavelength/nm

7 (a) 2 Dy 155 nm HEKE] 195 nm I, S5 A0 R ADEBCF L (b) 24 Wy A 170 nm HERE] 210 nm I, G544 %5 R A SEIC B
Fig. 7. (a) Corresponding light absorption of the structure when D, increases from 155 to 195 nm; (b) the corresponding light

absorption of the structure when W increases from 170 to 210 nm.

WK AW RLH, HAEGE AR, [RIRTER 8(c) Il S GG, MAER 8(d) IS Wy BYSCHRE
AL B Wy 79 nm 3G KF] 129 nm B, Mode 5# 8(b) Zefbtath—FE (WsbsEsEHEL S1 (online)
A, B I C IO [RIAE W,y = 89 nm HiAF Ji7R). Z5 BTk, RS B ARDOHRRR 1) i 3 25
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Fig. 8. (a) Relationship diagram between D, and the absorption rate; (b) the relationship diagram between D, and the correspond-

ing resonance wavelength range; (c) the relationship diagram between W, and the absorption rate; (d) the relationship diagram

between W, and the corresponding resonance wavelength range. Mode A corresponds to absorption peak 1, Mode B corresponds to

absorption peak 2, Mode C corresponds to absorption peak 3, Mode D corresponds to absorption peak 4.

YHNE, SE LIS Y AR US4k, AT DLSEBLERE MoS,
FE AT WO L A AT IR R A0 G

AT SN ] B A8 %o T A ek T R A
I AAT A5 R 2 ) (=490, B2 R R R R
WA AEAR R R P T AR SR R R 2R v, Z (8]
FICR, kb soh kA S2 F1E S3 (online) Frs.

MHE T IR ) HAR L 254 2805 IF B
IR B FARE ARS8 T R -5 W e i K A
mn BT B BRECC R, Qi 9(a)—(d) Fios. X4 P,
S Ny P S R S = LU i N S SR A
e Mode A 1Y &b Jit A S 980/ 5 35 /0 Mode B
1) it JoT PRl Bt 2 L 30) P, 16 KM 8GO T Mode C
14 it Jox PR A8 A0 5 HR B AR SE R, 3578 AN
i B )5, Mode D 1) i it Rl 15 HOGH I 9 9% 4 A8
A ru s Ay S SR S NTITE: N
Wz Ah, 2 P, YT, S5 Y BT A 45
o AT AR L: Mode A A9 5 5t IR T Se s/ NE
B, Mode B By Bt HF5 Mode A SE4AH, 5t
BR80T Mode C B 52 PRI - S8/ N e 388

Mode D #i Jii H 75 Mode B 1 & it A 1728 4k
REFARARL, AR 3 N S80S, 25 b i, 7E A
A P, = 1050 nm AbF KRBT R 1294.1, T
7 FWHM 53R 535170 0.4 nm F1 531.9 nm.

F 18 T A g S A (IS ) 505054
FPERES BT e, ot P, =1050 nm, & FLFRA]
& H R R AT 25 ELAT AR R A58 o ot o R 7

WIS A% SRR R 23 S e L P s, PRI 3k
1504 1 i b 45 i AL itk g, &l 10 s

F1 PR AR A #R Y H R

Table 1. Comparisons of the proposed absorber

with other similar absorbers.

Sk WK /mm PSS /am LSS
(30] 662 11.5 57.57
[50] 1500 20 75
[51] 679.2 8.72 77.89
[52] 663 11.35 58.32
(53] 661 9 73
[54] 408 7.34 55.59
A3 531.9 0.4 1294.1
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Fig. 9. (a)—(d) Relationship among the period, the absorption peak wavelength, and Q-factor (quality factor) when other paramet-

ers are kept constant (Mode A corresponds to absorption peak 1, Mode B corresponds to absorption peak 2, Mode C corresponds to

absorption peak 3, Mode D corresponds to absorption peak 4).

XL, n RIS TR LA BT A4 5 22, IR n K
/N, N 1.00 B8R F] 1.08. MIE 10(a) FTLAFE H, 1Y
AR S AR AL TG T AT UL, BEAE o ARG I, DY
A IPRI A K A LT, WSO 5 5 AR TR ).
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Fig. 10. (a) Absorption spectra of the four resonance peaks move with the change in the refractive index of the surrounding medium;

(b)—(e) when the refractive index of the surrounding sensing medium changes (the refractive index is from 1.0 to 1.08, the interval

is 0.02), the relationships of FOM value of the four peaks and FWHM to wavelength (Mode A corresponds to absorption peak 1,

Mode B corresponds to absorption peak 2, Mode C corresponds to absorption peak 3, Mode D corresponds to absorption peak 4).
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Table 2.  Comparisons of FOM values of other sim-

ilar absorbers.
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Abstract

Transition-metal dichalcogenides with exceptional electrical and optical properties have emerged as a new
platform for atomic-scale optoelectronic devices. However, the poor optical absorption resists their potential
applications. In this paper, monolayer molybdenum disulfide four-band perfect absorber based on critical
coupling and guided mode resonance is proposed theoretically and numerically by the finite difference time
domain method. Meanwhile, the physical mechanism can be better analyzed through impedance matching and
coupled mode theory. Monolayer molybdenum disulfide is placed between the silicon dioxide and a two-
dimensional polymethyl methacrylate layer with a periodic square-shaped air groove structure. The three form a
sandwich-like stacked structure similar to a rectangle. The bottom of the absorber uses a silver layer as the
back reflection layer. Using the critical coupling principle of guided resonance, the high-efficiency light
absorption of the monolayer molybdenum disulfide is obtained, that is, four perfect resonances are obtained at
the resonance wavelengths (A = 510.0 nm, Ay = 518.8 nm, A3 = 565.9 nm, and A, = 600.3 nm), the absorption
rates are 99.03%, 98.10%, 97.30%, and 95.41%, and the average absorption rate is as high as 97.46% in the
visible light spectrum range, which is over 12 times more than that of a bare monolayer MoS,.

The simulation results show that the adjusting of the geometric parameters of the structure can control the
range of the resonance wavelength of the monolayer molybdenum disulfide, the system experiences three states,
i.e. under-coupling, critical coupling, and over-coupling because of the leakage rate of resonance, thereby
exhibiting advantageous tunability of operating wavelength in monolayer MoS,, which has important practical
significance for improving the absorption intensity and selectivity of the monolayer molybdenum disulfide. The
novel idea of using critical coupling to enhance the light-MoS, interaction can also be adopted in other
atomically thin materials. At the same time, in this article the sensing performance of the absorber is discussed,
and it is found that the highest quality factor, sensitivity and figure of merit of the sensor are 1294.1,
155.1 nm/RIU, and 436, respectively. The proposed structure is simple and the program is versatile. And these
results indicate that the designed structure may offer a promising technology for improving the light-matter
interaction in two-dimensional transition metal binary compounds, and has excellent application prospects in

wavelength selective photoluminescence and photodetection.

Keywords: critical coupling, molybdenum disulfide, perfect absorption, visible light spectrum range
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