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Figure S1 Schematic illustration of the structured SU8 metasurface on a WS, photodetector (2d-DMP) and its fabrication
process. The SU8 cylinders have a diameter d (620 nm) and a periodicity p (1020 nm), where h;, (330 nm) represents the height
of the nanocylinders, and h, (300 nm) indicates the thickness of the underlying SU8 layer, as depicted in the diagram.
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Figure S2 FDTD electric field simulation. (a) Top view and cross-section view of electric field simulation for a h, layer
thickness of 250 nm. (b) Top view and cross-section view of electric field simulation for an h, layer thickness of 350 nm.
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The electric field distribution of h: at different thicknesses was simulated based on the FDTD method (FDTD
Solutions, Lumerical, Canada), using plane wave normal incidence. The electric field enhancement effect is best when h»
is 300 nm.
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Figure S3 (a) The SEM of structured SU8 metasurface. The top view (left) and cross-section view (right) depict a cylindrical
periodic structure. (b) FDTD simulation of the electric field distribution after 0 seconds of RIE treatment. (c¢) FDTD simulation
of the electric field distribution after 60 seconds of RIE treatment. (d) Reflection R.

The optimal structural parameters were determined through FDTD simulations. The structure was then patterned
on the SU8 photoresist film through nanoimprinting, as illustrated in Figure S3(a). To create a nanoscale structured SU8
metasurface on the multilayer WSz, an SU8 thin film was prepared via spin-coating, followed by soft nanoimprinting to
construct the desired structures. SU8 photoresist (SU8-2000, MicroChem) was diluted in cyclopentanone at a ratio of 1:1.
Using a spin coater (Easycoater6), an approximately 600 nm thick SU8 film was spin-coated onto the surface of the
multilayer WSz at a speed of 4000 rpm and an acceleration of 300 r/s? for 30 seconds, ensuring uniform film thickness.
The photoresist solution concentration and the spin coating speed can be adjusted to achieve different photoresist thin
film thicknesses, which affect the final vertical cavity dimension. After the spin-coating of the SUS8 film was completed,
pre-made polydimethylsiloxane (PDMS) mold was pressed directly onto the SUS8 film. The silicon template of the target
structure was placed in the vacuum environment of ”1H,1H,2H,2H-perfluoro octyl trichlorosilane” reagent for 2 hours,
and then the configured hard-PDMS was slowly covered on the silicon template, and then the hard-PDMS on the surface
of the silicon template was uniformly blown with a nitrogen gun to form a thin layer and cover the entire surface of the
silicon wafer. The soft-PDMS coating was prepared in a ratio of 10:1 and stirred until creamy, then the soft-PDMS was
completely covered with the hard-PDMS layer, then placed in a vacuum drying oven and left for 2 hours until the air

bubbles in the material were completely removed, and then place in an oven at 75 °C for 20 minutes to completely cure

the PDMS and form the mold. The thermal imprinting process was carried out at 65 °C and 90 °C for 1 minute each,
replicating a cylindrical nanostructure with a diameter of 620 nm, a period of 1020 nm, and a height of 330 nm on the
SU8 surface. Figure S3(b) shows the top view and cross-sectional view of the electric field distribution after structuring,
and Figure S3(c) and Figure 1(c) shows the top view and cross-sectional view of the electric field distribution after
roughening the structure by etching with RIE for 60 seconds. As demonstrated by Liu et al, smaller texture sizes
typically result in an increased number of scatterings and reflections of light. The scattering process can cause a change
in the direction of light propagation, thereby allowing more light to enter the material. Furthermore, when light is
reflected multiple times off a surface, the effective propagation path is lengthened, and the light remains inside the
material for a longer period. Concurrently, the structure concentrates the electric field of the light, particularly at
recessed sections or acute vertices, resulting in the formation of localized electric field enhancement zones. This
enhancement effect improves the interaction between light and the material, thereby enhancing the absorption of light[1,
2] , as shown in Figure S3(d).
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Figure S4 Morphological characterization and spectral analysis of structured SU8 metasurfaces etched for different times. (a)
Scanning electron microscope image of the metasurface after 30s of RIE etching. (b) Scanning electron microscope image of the
metasurface after 90s of RIE etching. (c) Reflection R. (d) Rough representation of absorption 1-R.

At the 30-second mark, some minor imperfections emerge, as shown in Figure S4(a). The thickness of the SUS film h: is
approximately 300 nm, indicating that the introduction of roughness and the absorption enhancement are not yet
optimized. Upon extending the time t to 90 s, as shown in Figure S4(b). The thickness of the SUS8 film h: is
approximately 230 nm, and the structural parameters exhibit a significant deviation from the optimal values obtained
from the simulation. It becomes evident that the overall performance is compromised as excessive etching destroys the
cavity mode at target wavelengths. As illustrated in Figure S4(c)-(d), the absorption effects markedly diminished. A
significant change in the thickness of the microcavity will impact the resonance and light trapping efficiency of the
structure, leading to a reduction in the absorption of photons in the two-dimensional material.As a result, the electric
field enhancement effect, which is crucial for improving optoelectronic performance, will not be fully realized.
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Figure S5 The relationship between the WS, thickness used to fabricate the device and the number of devices in each thickness
range. (a) The thickness intervals are defined as follows: 5-10 nm, 10-15 nm, 15-20 nm, and greater than 20 nm, with each
interval including the upper limit. (b)-(e) AFM images of the thickness of some WS, layers.
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Figure S6 (a) Raman spectra of multi-layer WS,, WS, / thin- film SU8, Smooth 2d-DMP, and Rough 2d-DMP. (b) PL spectra
of multi-layer WS,, WS, / thin- film SU8, Smooth 2d-DMP, and Rough 2d-DMP.
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Figure S7 Performance Comparison of Various Devices[3-14].
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Figure S8 (a) The transient response of the WS, photodetector. (b) The transient response of the WS, photodetector whose
silicon oxide surface is not treated with oxygen. (c) AFM characterization of multilayer WS,, the WS, photodetector whose
silicon oxide surface is not treated with oxygen. The height profile indicates a thickness of approximately 5 nm.
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Figure S9 (a-b) R and EQE of multi-layer WS,, WS, / thin film SU8, smooth 2d-DMP, and rough 2d-DMP. (¢) R enhancement
ratio as a function of incident power, illustrating the enhancement of R after structuring at different power intensities. (d) EQE
enhancement ratio as a function of incident power, illustrating the enhancement of EQE after structuring at different power
intensities. (e) D* enhancement ratio as a function of incident power, illustrating the enhancement of D* after structuring at
different power intensities.
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