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Figure S1. (a) An AFM image of the fabricated array of Si nanostripe. (b) The corresponding
height profile.
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Figure S2. (a) A picture of fabricated sample, and the color chart of SiO, with different
thicknesses on the Si substrate. The green-yellow color of the sample indicates the thickness of
bottom oxide layer is exactly 375 nm. Therefore, redundant silicon was fully etched. (b) A

picture of the purchased SOI wafer.
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Figure S3. (a)(b) Simulated scattering spectra of the Si nanostripe with the width of 210 nm on

bottom oxide layers with different thicknesses (h). Linear polarized incidence is perpendicular
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(a) or parallel (b) to the long axis of Si nanostripe.
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Figure S4. Simulated scattering spectra of the Si nanostripe with the width of 210 nm on bottom

oxide layers with different thicknesses from 600 nm to 1000 nm. Linear polarized incidence is

6(.)0 760
wavelength (nm)

perpendicular to the long axis of Si nanostripe.
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Figure SS. Width-dependent scattering spectra of the bare Si nanostripe on pure SiO, substrate.

Unpolarized incident light was used.
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Figure S6. Simulated forward and backward scattering spectra of two kinds of Si nanostripe
dimer (width: 210nm; gap distance: 80nm and 40 nm) under two orthogonal polarizations. Blue

arrows showing the correspondence between dips and peaks.
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Figure S7. Simulated dark-field scattering spectra of Si nanostripes with and without

wavelength (nm)

wavelength (nm)

monolayer WS, under unpolarized TFSF normal incidence.

A normal incidence E normal incidence E
3
©
oy
»
[
2 . . . .
= L 53¢ incidence E f 53¢ incidence E
o y ®
c Ik /
) / -
© fu f \
ol | L
] -")\. / \ \‘ ’-,I)"‘:--. f‘r
NN W NS
"
400 500 600 700 800400 500 600 700 800

wavelength (nm)

wavelength (nm)

Figure S8. The comparison between simulated scattering spectra under normal incidence

(black curves) and 53° oblique incidence (red curves) with two orthogonal polarizations.
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Figure S9. (a-d) PL spectra of monolayer WS, on Si nanostripes with widths of 210 nm (a),
250 nm (b), 350 nm (c¢) and 390 nm (d) compared with WS, on bottom SiO,.
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Figure S10. The Raman spectra measured on WS, monolayers with Si nanostripes (black

curves) and without Si nanostripes (red curves) at exact locations where the PL were measured.
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Figure S11. (a) Optical and SEM images of trilayer WS, on the 270 nm Si nanostripe array

with the gap distance of 80 nm. The dashed box indicates the PL measurement region. (b)

Measured PL spectra of the regions with or without WS, layers.
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Figure S12. The time-resolved PL spectra of different locations (on nanostripes & off
nanostripes) measured at the direct excitonic wavelengths. Insets are the optical images of the
measured WS, flakes, which are the same samples measured in Fig. 3 and 4. All curves were

fitted with the double-exponential function.
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Figure S13. (a) Schematic showing the simulations based on the distance (Ad ) between a
dipole source and the center of nanostripe. (b) Simulated scattering efficiencies from dipole

sources located at different positions.
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Figure S14. (a, b) Simulated electric field distributions under dipole source excitation at

A =702 nm. The dipole source contacts with the Si nanostripe directly. (c, d) Simulated electric

field distributions under dipole source excitation at A =702 nm. The dipole source and the Si
nanostripe are separated by a 135 nm oxide layer. Dashed boxes indicate the cross section of

the Si nanostripe.
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Figure S15. (a) The optical image of monolayer WS, on a fabricated Si nanostripe with 30 nm
thick top oxide layer. The part of monolayer is labelled by the dashed line, and the numbers
represent the test points. (b) PL spectra measured at each points. (c¢) The optical image of
monolayer WS, on a fabricated Si nanostripe without top oxide layer. (d) PL spectra measured

at each points.

9/15



transmission/reflection (a.u.)

400 600 800 1000 1200

array d=210 nm s=80 nm

reflection
transmission

array d=210 nm s=160 nm

reflection
transmission

array d=210 nm s=240 nm

reflection
transmission

array d=210 nm s=320 nm

reflection
transmission

array d=210 nm s=400 nm

reflection
transmission

Figure S16. Simulated reflection and transmission spectra of Si nanostripe arrays with the

width of 210 nm and the spacing of 80, 160, 240, 320 and 400 nm. Linear polarized incidence

is perpendicular to the long axis of Si nanostripe.
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Figure S17. (a) Schematic showing the simulation of semi-spherical radiation patterns through
top (detected direction in experiments) and bottom planar detectors. (b, ¢) Top and bottom
radiation patterns of single Si nanostripes with the widths of 210 nm (b) and 250 nm (¢) at the
direct excitonic wavelength of WS, monolayers (618 nm). The polarization direction of dipole
sources is perpendicular or parallel to the long axis of Si nanostripe. Values of divergence angle

are labelled inside radiation patterns.
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Figure S18. (a, b) Top and bottom radiation patterns of single Si nanostripes with the widths

of 350 nm (a) and 390 nm (b) at the direct excitonic wavelength of WS, monolayers (618 nm).

The polarization direction of dipole sources is perpendicular or parallel to the long axis of Si

nanostripe. Values of divergence angle are labelled inside radiation patterns. (¢) Top and bottom

radiation patterns of a Si nanostripe dimer with the width of 210 nm and the gap of 80 nm.
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Table S1. Calculations of the overall enhancement factors based on directivities, spot sizes,
Purcell factors and the absorption at the excitation wavelength. All samples were studied at the
direct excitonic wavelengths (618 nm for monolayers and 630 nm for bilayers). Average
directional enhancement has considered the spot size (area ratio), directivity from WS, layers
off nanostripes and two orthogonal polarizations. The average absorption enhancement also

based on the same calculation process. Overall enhancement factors is the product of average

directional enhancement factors, Purcell factors and average absorption enhancement factors.

r ® ivi average % |E]? avera
y d area eEbibes Purcell |EZat | |EF at . o
Hybrid systems = without , directional hout absorpti
ity vity z ratio factor | 514 nm | 514 nm 5
nanostripe enhancement nanostripe | enhancement
11 14 1.2 0.54

210 nm single
nanostripe & monolayer

0.247 1.347 0.983 2.098 1.491 1.809 0.998 1.322

250 nm single

U o
»

nanostripe & monolayer 1.9 2.4 5.6 0.54 0.294 2.884 1.05 2.252 2.290 1.809 1.075 3.256
350 nm single
nanostripe & monolayer 2.3 2.5 0.54 0.412 2.418 1 2.001 1.225 1.809 0.955 2.310
S,
390 nm single
nanostripe & monolayer 1.07 21 2.1 0.54 0.459 2.325 0.983 1.734 1.016 1.809 0.889 2.036
WS,
210 nm nanostripe dimer
& monolayer WS, 285 36 14 0.54 0.588 3.135 1 1.719 1.150 1.809 0878 2753
210 nm single
097 1 1.3 0.57 0.247 1.251 1 2.098 1.491 1.809 0.998 1.249
350 nm single
nanostripe & bilayer WS, 2.28 2.3 25 0.57 0.412 2.322 1.158 2.001 1.225 1.809 0.955 2570
390 nm single
nanostripe & bilayer WS, 218 2.1 26 0.57 0.459 2.432 0.985 1.734 1.016 1.809 0.889 2132
210 nm nanostripe dimer
& bilayer WS, 261 17 (= 0.57 0.588 2011 1.045 1.719 1.150 1.809 0.878 1.846
310 nm nanostripe dimer
& bilayer WS, 3.83 3.8 36 0.57 0.824 5.522 1.104 1.738 1.179 1.809 0.840 5.128
210 nm nanostripe array
& bilayer WS, 2.55 21 1.8 0.57 1 3.421 1.029 1.286 0.767 1.809 0.567 2.000
230 nm nanostripe array
& bilayer WS, 9.44 57 3.2 0.57 i 7.807 1.913 0.816 0.706 1.809 0.420 6.286
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Table S2. Comparison of the PL enhancement factors between our work and other works based

on plasmonic or dielectric nanostructures.

Heterostructures PL enhancement Non-radiative Heterostructures Enhancement
(single factor ETS (arrays or other factor 1
nanoantennas) o g”(|,§'|/|E0|)Z nanoantennas with Loy (“"i)
“hot Sp ots" Astruct'u.res Almser

Si nanoparticles & ¥ Si;N, gratings & e
0.1-0.6 104 HOROLar G 2 (300K)-7 (77k)
Si nanowire & Si gratings &
1.5-2.5 unknown oncE i WELE 1.3-3
Au nanoparticles & Si metasurfaces &
fewlayer MoS,? il L monolayer MoS,° U
Tapered Au SiN photonic

nanoantenna & 312 unknown crystal & monolayer 1300
monolayer MoS,* MoS,1°
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