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Abstract 18 

 19 

The exotic electronic and optical properties of the transition metal 20 

dichalcogenides(TMDCs) opens up new opportunities in the field of dielectric 21 

metaphotonics. Although some interesting photonic phenomena have been 22 

demonstrated in nanostructures fabricated from mechanical exfoliated TMDCs, it is still 23 

challenging to realize the large scale TMDCs metaphotonics structure with controllable 24 

geometric parameters. Here, we experimentally demonstrate the MoS2 metaphotonics 25 

structures through the CVD bottom-up method, which support both the dielectric 26 

resonant modes and self-coupled polaritons. To be specific, we realize the magnetic-27 

type surface lattice resonance(M-SLR) in the 1D MoS2 metaphotonics structure with 28 

extremely low material loss. As a proof of concept, we further exhibit a self-coupled 29 

exciton-SLR polariton via the spatial dispersion with abnormal coupling strength to the 30 

mode volume and the Rabi splitting up to 170meV. Bright Mie modes and self-coupled 31 

anapole-exciton polaritons with unambiguous anti-crossing behavior are also realized 32 

in 2D MoS2 metaphotonics structures. We argue that the TMDCs structure based on this 33 

CVD bottom-up fabrication method not only can realize nanoresonator but also can be 34 

extended to other metaphotonic structure such as metasurface, metalens and slab 35 

photonic crystal.   36 

 37 



 

Introduction 1 

The rapid progress of the metaphotonics have boost the development of an abundance 2 

of fields including the optics nonlinearity, luminescence enhancement and far-field 3 

manipulation[1][2][3][4][5][6], thereby opening up the possibilities in the applications 4 

such as single-photon switch, nano-scale laser and metasurface [3][7][8][9].  5 

Comparing to the plasmonic counterpart, the dielectric nanostructure is predicted to 6 

exhibit the similar strong field confinement at subwavelength while the dissipative 7 

losses are greatly reduced[10], enabling both the realization of strong response of the 8 

electric and magnetic modes[11][12]. Recent studies in the dielectric metaphotonics 9 

have successfully achieved some novel physical phenomena such as the dielectric 10 

quasi-BIC mode and supercavity[13][14][15], making the dielectric structure a superior 11 

platform in the fields of quantum optics and condensed-matter[16][17]. Moreover, the 12 

dielectric-based 2D metaphotonics structures also show great potential in wavefront 13 

engineering with ultrathin profiles, boosting the development of the optics devices for 14 

the practical applications, such as metasurfaces, metaholograms, and 15 

metalenses[18][19].   16 

For these dielectric metaphotonic structures from Mie scatter to metasurface, even 17 

to waveguiding, one of great demand is high-index dielectric materials, which can 18 

reduce the geometric scale of the device and improve the quality factor of 19 

resonator[20][21]. So far, most of metaphotonic structures are fabricated from 20 

conventional semiconductor (e.g. Silicon with refraction index of 3.7-3.9 in visible and 21 

near infrared range) and oxide semiconductor (e.g. TiO2 with refraction index of 2.5-22 

2.7 in visible and near infrared range) through top-down etching process[22][23].  23 

Recent works have confirmed that transitional metal dichalcogenides(TMDCs) is 24 

a great promising material for dielectric metaphotonics structure[11][24]. Comparing 25 

to traditional semiconductors such as Si, TMDCs not only show a higher refractive 26 

index(n=4~5), but also exhibit distinct excitonic responses covering from the visible to 27 

the infrared range, leading to multiple interesting physical phenomena and 28 

applications[20][21][25][26]. For example, distinct Mie resonances and hybrid 29 



 

anapole-exciton states have been demonstrated in the nanodisks fabricated from 1 

exfoliated multilayer WS2[11]. However, achieving a large scale TMDC metaphotonics 2 

structure with great geometry control has not been realized in the experiment yet. In the 3 

previous works, TMDCs nanopattern is fabricated through top-down process where the 4 

exfoliated TMDC flakes are dry etched with the nano etching mask on the 5 

top[11][24][27]. As a result, the dimension of metaphotonics structure will be limited 6 

by the size of exfoliated TMDCs flake, and the height is not controllable 7 

either[24][28][28]. Moreover, this etching method is hard to yield nanostructures with 8 

vertical sidewalls for nano column or nano disk for some materials such as MoS2[12].       9 

Here, we propose a bottom-up CVD fabrication method to realize the concept of 10 

TMDCs metaphotonics, which are demonstrated to support the multiple dielectric 11 

resonant modes and the self-coupled polaritons. The TMDC metaphotonics structure is 12 

fabricated from transitional metal nanopattern followed by CVD sulfidation process to 13 

convert the Mo pattern to MoS2 pattern. With this method, we successfully fabricate 14 

the millimeter-area MoS2 meta-structures with uniform geometric parameters(such as 15 

periods, height and diameters). The magnetic-type surface lattice resonance(M-SLR) 16 

with extremely low material loss is for the first time demonstrated in the 1D MoS2 17 

metaphotonics structures, as well as the hybrid polaritons formed by the M-SLR self-18 

coupled to the excitons of MoS2 with Rabi splitting up to 170meV. Moreover, anapole-19 

exciton polariton with unambiguous anti-crossing dispersion is realized in the 2D MoS2 20 

meta-structures. We argue that this CVD bottom-up method paves the path to realize 21 

TMDCs-based metaphotonic structure, such as nanoresonator and metasurface.  22 

 23 



 

Fig.1 | Fabrication procedure and morphology&material properties of MoS2 2 

metaphotonic structures. a) Schematic figure to outline the CVD bottom-up 3 

fabrication process, which starts from Mo nano pattern (i-ii) and follows by sulfidation 4 

process to convert the Mo pattern to MoS2 pattern(iii-iv). b) Microscope figures of 1D 5 

MoS2 meta-structures with various period(𝑃𝑃) and filling factor(Λ) where scale bar is 6 

20𝜇𝜇m. Below is the SEM figure. c) AFM figures for 1D Mo pattern(before sulfidation) 7 

and MoS2 patterns(after surfidation). d) Height profile of the Mo pattern(green) and 8 

MoS2 pattern(red) as indicated by the dashed lines in c. e-g) Same as b-d but for the 2D 9 

MoS2 meta-structures. h) Schematic figure of transferring the MoS2 metastructures 10 

from SiO2(2𝜇𝜇m)/Si substrate to transparent quart substrate. i) Raman spectra from both 11 

top(red) and bottom(blue) sides of the MoS2 structures. Black curve is the Raman 12 

spectrum for Mo pattern. j) Extinction spectrum(blue circles) of the MoS2 film and the 13 

corresponding fitting curve(red curve). Yellow and green areas indicate the positions of 14 

A and B excitons. Inset is the schematic setup. k) The real(blue slod curve) and 15 

imaginary(red dashed curve) refractive index of MoS2 based on the Lorentz model(See 16 

eq(S28)). The red area and green area roughly separate the excitonic response(Region 17 

I) and high refractive index&low loss(Region II) regions of the MoS2.  18 

 19 

Figure 1a outlines the procedure to fabricate the MoS2 metastructures(here we use disk 20 

array as an example). Firstly, using standard electron-beam lithography(EBL) 21 
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technology and E-beam evaporation, we fabricate Mo nanopattern on SiO2/Si substrate. 1 

Then the patterned Mo structure is sent to the quartz-tube furnace for sulfidation process 2 

with the temperature of 750℃. The Mo pattern would be chemically converted to the 3 

MoS2 pattern after sulfidation process.  4 

 5 

Figure 1b shows the microscope image of the 1D MoS2 metastructures after sulfidation. 6 

The color of the corresponding structure evolves with different period 𝑃𝑃 and filling 7 

factor Λ = w/P  where 𝑤𝑤  is the width of original Mo pattern(see the detailed 8 

definition of geometric parameters of 1D MoS2 metastructures in SI part 2.1). The 9 

period and geometric shape exhibit excellent uniformity in the scanning electron 10 

microscopy(SEM) image on the bottom. The comparison of SEM images of Mo pattern 11 

and corresponding MoS2 pattern in Figure S3 indicates that the period remains 12 

unchanged during the sulfidation process while the lateral geometry of the constituent 13 

component(i.e., grating bar) is extended in the in-plane direction. The atomic force 14 

microscope(AFM) images of Mo pattern and corresponding MoS2 in Figure 1c 15 

confirms the unaltered period and the lateral extension, but also shows the extension in 16 

the out-of-plane direction(height) due to the sulfidation process. The height 17 

profiles(indicated by the dashed lines in Figure 1c) can be clearly seen in the Figure 1d 18 

where the height of original Mo pattern is increased from 55 ± 5nm(green curve) to 19 

110 ± 10nm(red curve) when converted to MoS2 pattern. Figure 2e-g shows the similar 20 

results in the 2D MoS2 metastructures whose lateral size is up to 0.38mm(Figure 2e). 21 

Distinct to the top-down(etch) method based on the exfoliated TMDCs[11][12][24], our 22 

method shows the controllable geometric properties of the metastructures. The 23 

dimension of MoS2 metastructure is only limited to the electron-beam lithography 24 

pattern and the height of MoS2 can be controlled through the evaporation thickness of 25 

Mo pattern[29].   26 

 27 

To characterize the material and optical properties of the MoS2 metastructures we 28 

transfer the patterned MoS2 from SiO2(2um)/Si substrate to transparent quartz substrate 29 



 

via the wet transfer method(Figure 1h)[30]. The Raman spectra is firstly measured from 1 

both top and bottom sides to confirm the chemical conversion due to the sulfidation 2 

process. Comparing with the Mo pattern(before sulfidation, black curve), two 3 

characteristic peaks(𝐸𝐸2𝑔𝑔1 ≈382cm-1 and  𝐴𝐴𝑔𝑔 ≈409cm-1) are emerged for the both sides 4 

of MoS2 pattern which indicate that the sulfidation procedure for the patterned Mo 5 

structures is completed[31]. Then the extinction spectrum(blue circles in Figure 1j) of 6 

the MoS2 film is obtained through transmission measurements(inset in Figure 1j). By 7 

applying the transfer matrix method(SI part 2.3) we fit the extinction spectrum in Figure 8 

1j(red curve) where the dielectric function(𝜀𝜀 = 𝜀𝜀′ + 𝑖𝑖𝜀𝜀′′) of MoS2 is described by the 9 

Lorentz model with both responses of A, B and C excitons considered. Then the 10 

refractive index and extinction coefficient 𝑛𝑛 + 𝑖𝑖𝑖𝑖 = √𝜀𝜀′ + 𝑖𝑖𝜀𝜀′′  is calculated. As is 11 

shown in Figure 1k, within the range of 400nm-750nm(Region I), both 𝑛𝑛  and 𝑖𝑖 12 

exhibits the strong dispersion due to the excitonic responses. While in the Region 13 

II(>750nm), the refractive index 𝑛𝑛 ≈ 4.7  and shows negligible dispersion with 14 

wavelength. Meanwhile, in this region the corresponding material loss(𝑖𝑖) is close to 15 

zero, indicating great potential in the design and fabrication of the high quality optics 16 

nanodevices. We also notice that, distinct to the strong anisotropic properties of 17 

dielectric function of exfoliated TMDCs, previous works indicate that the MoS2 18 

metastructures fabricated via sulfidation process show the reduced anisotropic due to 19 

the various orientation of MoS2 layers[31][29][32]. Consequently, in the following, the 20 

isotropic dielectric function of MoS2 is applied in the simulations. The excellent match 21 

between experiment and simulation results confirms the isotropic dielectric properties 22 

of the MoS2 metastructures from an optics point of view. 23 

 24 

A1-A3(see the definition in SI part 2.1) are selected as the representative examples of 25 

1D MoS2 metastructures. As the SEM figures in Figure 2a show, the period is fixed at 26 

400nm and width of the grating bar is increased from A1-A3. Figure 2b shows the 27 

extinction spectra measured under p polarization(see results under s polarization in SI 28 

part 2.6). In addition to the A&B excitonic responses observed in the Figure 1j, a surface 29 



 

lattice resonant(SLR) mode appears on the red side of the A exciton due to the coupling 1 

of individual grating bar to the Rayleigh anomalies(RAs) where the diffraction wave 2 

becomes evanescent at the interface of two media(see SI part 1.2). The experimental 3 

extinction spectra can be well reproduced by the simulation(top part of the Figure 2a). 4 

The calculated near field distributions of the resonant mode(inset figures in Figure 2a) 5 

indicate the magnetic nature of the mode where the electric field circulates inside of the 6 

structure and magnetic field is along the z-direction[33], and we label this resonance as 7 

M-SLR(i.e., magnetic-type SLR. See electric-type SLR in SI part 2.6). The linewidth 8 

of M-SLR is estimated as 𝛾𝛾 ≈ 100meV(A1) by the Lorentz fitting(purple dashed-lines 9 

in the Figure 2a)[34]. The origin of linewidth of the spectra is basically from two parts: 10 

1) the intrinsic material loss, 2) the radiation loss[35]. To separate the influence of the 11 

radiation loss, in Figure 2c we calculate the extinction spectra for the same 1D 12 

structures(inset in the Figure 2c) where the refractive index 𝑛𝑛 =4.7(to match the 13 

refractive index of MoS2 shown in the Figure 1k) and extinction coefficient 𝑖𝑖 varies 14 

from 0(no material loss) to 0.2. The period is set as 400nm and width of the grating bar 15 

is chosen as 110nm in the simulation, rendering the resonant energy of M-SLR 16 

approaching 1.7eV(i.e., A1). The resonant frequency is mainly dependent on 𝑛𝑛 and 17 

therefore no unambiguous resonant frequency shift is observed with 𝑖𝑖 . Through 18 

fitting(black dashed curves in Figure 2c), we abstract the linewidths of the 19 

corresponding M-SLR in Figure 2c. As Figure 2d figure indicates, the linewidths(𝛾𝛾) 20 

show the near-linear relation(dashed curve) with 𝑖𝑖 . At zero material loss(𝑖𝑖 =0), the 21 

linewidth is around 96meV which is purely ascribed to the radiation loss. By inserting 22 

our experiment result into the fitting curve in Figure 2c(yellow star), we find that the 23 

M-SLR(A1) in Figure 2b show near-zero material loss where the extinction coefficient 24 

is estimated as 𝑖𝑖<10−2. Extinction spectra for other 1D metastructures can be seen in 25 

Figure S6.   26 



 

Fig.2 | Optical properties of the 1D MoS2 meta-structures. a) SEM figures for A1-2 

A3. b) Experimental and simulated extinction spectra for various 1D MoS2 meta-3 

structures(A1-A3) under normal incidence. Insets are the near field distributions of the 4 

electric field and magnetic field(Hz) of the resonant mode. White arrows in electric field 5 

distribution are the projections of real part of the electric field in the x-y plane. c) 6 

Simulated extinction spectra for the 1D dielectric meta-structures with extinction 7 

coefficient 𝑖𝑖 from 0 to 0.2. Black dashed curves are the fitting curves for 𝑖𝑖 = 0 and 8 𝑖𝑖 = 0.2. To avoid mess other fitting curves are not shown. Inset is the schematic setup 9 

in the simulation. d) The corresponding linewidths abstracted from the fitting results of 10 

the extinction spectra in c. In simulation, the structures are all in the homogeneous 11 

dielectric environment whose refractive index is 1.46.       12 

 13 

The spatial dispersion of the A1-A3(Figure 3a) is obtained through the angle-resolved 14 

transmission measurements. Figure 3b shows the corresponding simulation results 15 

which will reproduce the experiment ones. A triple-coupled model(SI part 1.1, 16 

parameters are in the Table S1) is applied to describe the dispersion of three branches 17 

observed in the Figure 3a,b which is given by    18 

(𝜔𝜔𝑐𝑐𝑐𝑐𝑐𝑐 − 𝜔𝜔)(𝜔𝜔 − 𝜔𝜔𝐴𝐴)(𝜔𝜔 − 𝜔𝜔𝐵𝐵) + 𝑔𝑔𝐴𝐴2(𝜔𝜔 − 𝜔𝜔𝐵𝐵) + 𝑔𝑔𝐵𝐵2(𝜔𝜔 −𝜔𝜔𝐴𝐴) = 0 �1.� 19 

where 𝜔𝜔𝑐𝑐𝑐𝑐𝑐𝑐 , 𝜔𝜔𝐴𝐴  and 𝜔𝜔𝐵𝐵  represent the resonant frequencies of cavity mode, A 20 

exciton and B exciton; 𝑔𝑔𝐴𝐴 and 𝑔𝑔𝐵𝐵 represent the coupling strengths of A and B exciton 21 

to the cavity. Within this model, totally three polariton dispersions(i.e., lower, middle 22 

and upper polaritons) are generated due to the coupling between the M-SLR 23 



 

demonstrated in Figure 2b and A&B excitons from MoS2. As indicated by the green(lp, 1 

i.e., lower polariton), blue(mp, i.e., middle polariton) and red(up, i.e., upper polariton) 2 

curves, a clear anti-crossing behavior is visible in the dispersion spectra, especially for 3 

the lower polariton and middle polariton. While for the upper polariton, the dispersion 4 

is negligible, possibly due to the weaker oscillator strength of B exciton and the large 5 

energy detuning to the resonant mode. Without losing the generality, we will focus on 6 

the coupling between A exciton and resonant modes in the latter part. 7 

 8 

To give an unambiguous illustration of dispersion behaviour observed in the Figure 3a-9 

b, we apply the simulation by artificially modifying the dielectric function of material 10 

constituting the metastructures. The designed structure is the same as Figure 2b while 11 

the dielectric function of the material is described by the Lorentz model: 12 𝜀𝜀 = 𝜀𝜀0 + 𝑓𝑓 𝜔𝜔02𝜔𝜔02 − 𝜔𝜔2 − 𝑖𝑖𝛾𝛾𝜔𝜔 �2.� 13 

where 𝜀𝜀0 =16 is the background permittivity; 𝜔𝜔0 = 2.1eV and 𝛾𝛾 = 40𝑚𝑚𝑚𝑚𝑚𝑚  are the 14 

resonant frequency and linewidth of the exciton; 𝑓𝑓  is the corresponding oscillator 15 

strength[11]. We consider three sets of the dielectric function(Figure 3(c)): (i) 𝑓𝑓=0(i.e., 16 

no excitonic response); (ii) 𝑓𝑓=0.2; (iii) f=0.4. As Figure 3d shows, when no excitonic 17 

response is considered in the system(i), the M-SLR shows the linear dispersion curves, 18 

associated with the (±1, 0) diffraction orders(blue dashed-dot curves), i.e., RAs(see 19 

SI part 1.2). Such linear dispersions due to RAs are also observed in the 20 

experiment(Figure S6a-d) where the M-SLR are far detuning from the A&B excitonic 21 

resonance.  22 

 23 

However, once the exciton is coupling in the system(ii and iii in Figure 3d), the linear-24 

dispersed M-SLR(bule dashed-dot curves) would strongly interact with the exciton(red 25 

dashed-dot curves) where two polaritons states(lp: lower polariton; up: upper polariton) 26 

are generated with a clear anti-crossing behaviour. By fitting results with the polariton 27 

dispersion(white curves), the Rabi splitting can be calculated as 170meV(ii) and 28 



 

240meV(ii) which meets the previous reported Ω ∝ �𝑓𝑓 relation[34]. Above analyses 1 

confirm the self-coupled mechanism shown in the Figure 3a-b where the cavity 2 

modes(M-SLR) strongly interact with the internal excitons, resulting in the robust and 3 

highly dispersive polariton behaviour. In previous studies where the 2D TMDCs is 4 

externally coupled to the dielectric resonant structure[36][37], no unambiguous 5 

polariton behavior is observed due to the low efficiency of the spatial overlap of the 6 

exciton and external field of resonant mode. In contrast, in this study, through the self-7 

coupled mechanism the exciton is strongly interaction with the internal field(insets of 8 

the Figure 2a) of the mode, resulting in the incredible enhancement of the coupling 9 

strength.  10 

 11 

Meanwhile, we surprisingly observed that from A1-A3 the coupling strength 𝑔𝑔𝐴𝐴  is 12 

increased from 40meV(A1) to 85meV(A3). The previous studies on strong coupling of 13 

the TMDCs plasmonic resonance system indicated that to achieve larger Rabi splitting 14 

the mode volume need to be “shrunk” so as to obtain stronger light-matter 15 

interaction[38]. However, in our system the condition is distinct as the metastructure 16 

itself is composed of the TMDCs. Though the increase of the mode volume would 17 

degrade the interaction strength between single exciton and confined field, the benefit 18 

comes with more excitons entering in the coupling. To provide quantitative analyses, 19 

we do the theoretical calculation and simulation to shows the origin of the abnormal 20 

increase of the coupling strength with the mode volume. As indicated by eq(S10-S11), 21 

Rabi splitting Ω ∝ √𝑁𝑁√𝑉𝑉 where N is the number of excitons entering the coupling and V 22 

is the mode volume[1]. In this context, we define mode area 𝜎𝜎𝑚𝑚 = ∬ 𝜀𝜀𝐸𝐸2𝑑𝑑𝑑𝑑max [𝜀𝜀𝐸𝐸2]
 and 23 

cross section area 𝜎𝜎𝑐𝑐 = 𝑤𝑤𝑔𝑔𝑔𝑔𝑐𝑐𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 × ℎ𝑔𝑔𝑔𝑔𝑐𝑐𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 (the cross section area for MoS2 24 

metastructures). One thus could calculate the mode volume 𝑚𝑚 = 𝜎𝜎𝑚𝑚 × 𝑧𝑧 and exciton 25 

number N ∝ (𝜎𝜎𝑐𝑐 × 𝑧𝑧). As such, the Rabi splitting can be deduced as Ω ∝ �𝜎𝜎𝑐𝑐�𝜎𝜎𝑚𝑚(defined 26 

as 𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒 =
�𝜎𝜎𝑐𝑐�𝜎𝜎𝑚𝑚). Figure 3e exhibits the electric field distribution of cross sections of 27 



 

A1-A3 from the simulation results(Figure 2d) where the width of 1D structure increases. 1 

As Figure 3f shows, both 𝜎𝜎𝑐𝑐 and 𝜎𝜎𝑚𝑚 are calculated and increased from A1 to A3. The 2 

increase of 𝜎𝜎𝑐𝑐  indicates that more excitons enter in the coupling(thus increase the 3 

coupling strength) while the increase of 𝜎𝜎𝑚𝑚 reflects the increase of the mode volume 4 

of resonant mode which would reduce the coupling intensity. The combined effect is 5 

reflected by the effective area 𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒 . Figure 3g compares 𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒  with the Rabi 6 

splitting(represented by 2𝑔𝑔𝐴𝐴) and both shows the same increasing tendency from A1-7 

A3. Consequently, though the increase of width of grating would increase mode volume 8 

of the PC, more excitons would be introduced in the coupling process during this 9 

process, resulting in the increase of total coupling strength of the system.   10 

Fig.3 | Spatial dispersion of self-coupled polaritons in the 1D MoS2 PC. a) The 12 

spatial dispersion of 1D MoS2 PC for A1-A3. The black dashed-dot curves are 13 

dispersions of the cavity modes(magnetic modes) of the PC, corresponding to the (0, 14 

±1 ) refraction orders(noted by the white arrows). Green, blue and red solid curves 15 

represent the lower , middle and upper polaritons respectfully. b) The simulated spatial 16 

dispersion of 1D MoS2 PC for A1-A3. c) The real part(red) and imaginary(blue) parts 17 

of the dielectric functions calculated by the Lorentz model with f=0(i), f=0.2(ii) and 18 

f=0.4(iii). d) The spatial dispersion of the 1D dielectric meta-structures with dielectric 19 



 

function corresponding to c. The geometric parameters for d: height=100nm, 1 

width=200nm, period=400nm. e) The electrical distribution of the cross section of 1D 2 

MoS2 PC(x-y plane) for A1-A3. The MoS2 region are marked by the white box within 3 

the figure. f) Mode area 𝜎𝜎𝑚𝑚  and cross section area 𝜎𝜎𝑐𝑐  for A1-A3 and the unit is 4 

104nm2. g) Coupling strength of A exciton to the cavity mode(2𝑔𝑔𝐴𝐴) and effective area 5 𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒 for A1-A3.  6 

 7 

To introduce more possible optical dielectric modes, a 2D MoS2 metastructure(square 8 

disk array) is designed and fabricated(Figure 1e and Figure 4a). As Figure 4a shows, 9 

we choose samples with period 𝑃𝑃 =510nm and filling factor Λ = d/P ( d  is the 10 

diameter of the single disk) varies from 0.3 to 0.48, i.e., H1-H7 as the representative 11 

examples(see definition in SI part 2.1). The extinction spectra are shown in Figure 4b 12 

and can be well reproduced by the simulation in Figure 4c. Multiple optical modes, 13 

including electric dipole(ED), magnetic dipole(MD) and anapole, appear in various 14 

frequency ranges. To be specific, we here select H3(white dashed curve in Figure 4c) 15 

as an example. As Figure 4e shows, the mode residing within the range of 1.25eV to 16 

1.75eV can be decomposed into two bright Mie modes: ED(orange curve) and MD(blue 17 

curve) modes. In Figure 4e, ED mode exhibits the distorted electric field distribution 18 

which is like placing two charges of equal quantity but opposite signs at two ends of 19 

the disk. In contrast to it, MD shows the circulating electric field, similar to the field 20 

distribution of the inset figure in the Figure 2b. In Figure 4c, the ED and MD modes 21 

are firstly separated in the frequency domain at small Λ (0.3 to 0.33) and gradually 22 

overlap with Λ (0.36-0.48) due to the different geometric parameter dependence 23 

properties of ED and MD modes of the dielectric array[39]. These two modes exhibit 24 

strong scattering intensity at resonance which corresponds to the characteristics of the 25 

bright mode. Another mode(marked by the green triangle in Figure 4d) near the B 26 

excitonic resonance exhibits the characteristics of anapole mode. Figure 4e shows the 27 

near field distribution of anapole mode where the toroidal dipole and electric dipole 28 

modes simultaneous exist[11]. Due to the destructive interference of these two modes 29 

at far field, the scattering of the anapole would be greatly deduced(dark mode)[40].30 



 

 1 

Fig.4 | Light-matter interaction of the exciton and Mie modes in the 2D MoS2 PC. 2 

a) The optical figure of the 2D MoS2 PC. The inset red box shows the SEM figure of 3 

corresponding region. The scale bar is 30𝜇𝜇m. b-c) The extinction spectra map for H1-4 

H7(marked within the black dashed box in a) from the experiment measurements(b) 5 

and simulation(c). d) The simulated spectra for H3(white dashed line in c). ED, MD, 6 

anapole, A exciton, B exciton as well as the RA are marked in the figure. e) The 7 

electrical field distributions of the corresponding ED, MD and anapole modes in d. f-8 

g) Zoomed-in extinction spectra abstracted from the black dashed boxes in b and c. The 9 

yellow diamonds, blue stars and purple triangles represent the lower, middle and upper 10 

polaritons from the experiment(f) and simulation(g) results. The corresponding solid 11 

curves are calculated by eq(1) and coupling strengths 𝑔𝑔𝐴𝐴 ≈ 55𝑚𝑚𝑚𝑚𝑚𝑚  and 𝑔𝑔𝐵𝐵 ≈12 

20𝑚𝑚𝑚𝑚𝑚𝑚.  13 

 14 

At last, we demonstrate the enhanced light-matter interaction in the anapole modes of 15 

the 2D MoS2 metastructures. As Figure 4b and 4c show, the anapole mode of the MoS2 16 

disk array shows a red shift with the Λ and the coupling of A and B exciton can be 17 

realized. Figure 4f,g shows the zoomed-in spectra of the Figure 4b,c(black dashed-box) 18 

separately. The spatial dispersions of triple polaritons are again shown in the Figure 19 

4f,g where a clear anti-crossing behaviour is demonstrated in the lower(yellow curves) 20 

and upper polariton(purple curves) due to the coupling of A exciton to the anapole. 21 

While for B exciton, the weaker oscillator strength hinders the obvious observation of 22 

the anti-crossing phenomenon in the middle polariton(blue curve).   23 

 24 

To sum up, we present a CVD bottom-up method to design and fabricate the 25 
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metaphotonics structures based on the high-index TMDCs where the dielectric resonant 1 

modes and their interactions to exciton are investigated in the visible and near-infrared 2 

range. The magnetic-type surface lattice mode with low material loss is firstly 3 

demonstrated in the 1D MoS2 metaphotonics structure. In such a compact platform the 4 

strong self-coupling is achieved with Rabi-splitting over 170meV. We further observed 5 

the abnormal increase of the coupling strength with the mode volume and a quantitative 6 

explanation is given with the theoretical analyses and simulation. Last but not the least, 7 

multiple Mie-type modes including ED, MD and anapole modes as well as anapole-8 

exciton polariton are realized in the 2D MoS2 metaphotonics structure. Our method 9 

could be easily extended to other TMDCs material such as WS2 and MoTe2 to fully 10 

utilize their distinct excitonic responses and phase transition properties. The strategy in 11 

this work paves a new road to design and fabricate the dielectric nano photonic 12 

structures for the fields of the nonlinear optics and the quantum light to take great 13 

advantage of the high refractive index and unique exitonic response of the TMDCs.      14 

 15 

 16 
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