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Figure S1. Schematic of atmospheric pressure chemical vapor deposition method for WS2 

nanostructures growth. 

 

As demonstrated in Figure S1, the synthesis of the 2D WS2 nanostructures were carried out in a CVD 

system with two separated heating zones, so that the evaporation temperature of WO3 and S powders 

can be separately controlled.1 Before heating, the tube was vacuum pumped to evacuate the air and 

then refilled with high-purity argon (Ar) to atmospheric pressure. During the growth process, 

high-purity Ar is continuously supplied as the carrier gas. 
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Figure S2. (a) Bright-field optical microscopy image of monolayer WS2 prepared by CVD method. 

Scale bar is 15 μm. (b) AFM image of a typical monolayer WS2. Scale bar is 2 μm. 

 

As demonstrated in Figure S2, monolayer WS2 nanostructures were obtained when the flow rate of 

carrier gas is 400 sccm. The monolayer WS2 belongs to D3h space group with broken inversion 

symmetry, resulting in non-vanishing second order nonlinear susceptibility,2-4 which is beneficial to 

obtain efficient SH radiation. 
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Figure S3. (a-c) AFM images of the observed intermediates obtained at different growth stages. (a) 1 

min; (b) 5 min; (c) 10 min. All scale bars are 1 μm. (d) Illustration for the growth process of the 

P-multilayer WS2. 

 

Figure S3a-c show the AFM images of the representative single WS2 flakes with the growth times of 1, 

5, and 10 min, respectively. For the growth time of 1 min at 930 oC, AB-stacked bilayer WS2 

nanosheets with rough edges were obtained (Figure S3a). With the increasing of growth time (5 min), 

both the in-plane and out-plane of WS2 grows dramatically, as demonstrate in Figure S3b. Then, a 

typical P-multilayer WS2 nanosheets (Figure S3c) were obtained with further expending the growth 

time. The growth process of P-multilayer WS2 is schematically demonstrated in Figure S3d. At the 

initial stage, the thermodynamically stable bilayer WS2 with preferred 2H stacking grown at the 

surface of SiO2/Si substrate during the vaporization of the source materials. Then, as the existence of 

dangling bonds at the rough edges, the obtained WS2 flake would continue to grow in the lateral 

directions. Moreover, because the multilayer WS2 structure is thermodynamically favorable, both the 

lateral and vertical directions would grow with the increasing of the growth time. The sequentially 

decreased growth time from the bottom to the top layers naturally, along with the decreasing supply of 

source materials, leads to the gradually decreasing of basal planes of multilayer WS2 flakes. 

Consequently, P-multilayer WS2 structures were obtained. These as-fabricated P-multilayer WS2 

structures facilitate the investigation of edge SHG. 
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Figure S4. Raman spectra for P-multilayer WS2 (blue), exfoliated 2H-WS2 (red) and bulk WS2 

(black). 

 

As we can see from Figure S4, the Raman shift of P-multilayer WS2 is consistent with those of 

exfoliated 2H-WS2 and bulk WS2. This indicates that the as-prepared P-multilayer WS2 has the same 

structure with bulk WS2, further confirming the AB stacking growth mode of P-multilayer WS2.  
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Figure S5. (a) Atomic resolution STEM−HAADF images of P-multilayer WS2. Scale bar is 2 nm. 

Inset: schematic structure of the unit cells of 2H stacking order. (b) Magnified view of the region 

marked with red box in (a). Scale bar is 0.5 nm. 

 

The atomic resolution STEM−HAADF images show the uniform hexagonal arrangement of W and S 

atoms, which agrees well with that of TMDs with 2H staking order.5-7 This indicates that the 

as-prepared P-multilayer WS2 has good alignment of all the layers and well-defined AB stacked 

configuration. 
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Figure S6. Height profile marked with a red line shown in the inset of Figure 1d. 

 

As plotted in Figure S6, the step height of P-multilayer WS2 is measured to be ≈0.67 nm, close to the 

thickness of a WS2 monolayer,8 which confirms that the basal planes of P-multilayer WS2 flake shrunk 

gradually from the bottom to the top layers. This structure facilitates the investigation of edge SHG. 
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Figure S7. Schematic demonstration of the experimental setups for optical characterization. 

 

As illustrated in Figure S7a, The SH measurements were performed in a reflection geometry using 

normal incidence excitation. The WS2 nanostructures were excited locally with a Ti:sapphire laser 

(Chameleon Vision II) focused down to 4 μm diameter spot through an objective (Nikon CFLU Plan, 

50x, N.A.=0.8) to obtain SH radiation. The excitation laser (FW) was filtered with a 750 nm short-pass 

filter. The emission from the WS2 nanostructure was dispersed with a grating (150 G/mm) and 

recorded with a thermal-electrically cooled CCD (Princeton Instruments, ProEm: 1600B). For 

polarization dependent SHG measurements, as shown in Figure S7b, the polarization of FW signals 

was altered with a half wave plate. A polarizer with a fixed polarization was placed in front of 

spectrometer to select the parallel components of the SH radiation with respect to the polarization of 

FW (parallel polarization configuration). In this setup, the samples were freely rotated to obtain the 

orientational dependence of the SH response. 
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Figure S8. Simulated electric field distribution in monolayer WS2 on SiO2/Si and silver substrates. 

 

As shown in Figure S8, due to the atomic thickness of monolayer WS2, FW signals cannot be confined 

in monolayer WS2 on SiO2/Si or silver substrates. For the monolayer WS2 on SiO2/Si substrate, most 

of the electric field is distributed in the substrate (Figure S8a). By contrast, due to the high reflection 

efficient of silver film, the electric filed is confined around the interface between WS2 and silver 

substrate in hybrid plasmonic structure (Figure S8b).9 This results in tiny enhancement of SHG in 

monolayer WS2 hybrid plasmonic structure with respect to that from monolayer WS2 on SiO2/Si 

substrate. 
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