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Previously two prevailing scenarios had been proposed to understand the SHG enhancement 

in 2D materials, i.e. interfacial effects and local-field enhancement. Interfacial effects include 

charge transfer and symmetry breaking at the interface. Since such high enhancement factor cannot 

be feasible with the inserted SiO2 layer, interfacial effect can be first excluded. To verify whether 

the local-field effect is the origin of such large SHG enhancement in MoS2, we carefully calculated 

the SHG response by considering the optical field enhancement of both incident and emitted lights 

(Supplementary Fig. 3). It turns out that the local-field effect only induces a few times of SHG 

enhancement with the QD layer coating. We also monitored the two-photon-absorption-induced 

PL (TPPL) of MoS2 (its intensity is proportional to the fourth power of the local-field, same as 

SHG) and observed only several times enhancement with QD coating (Supplementary Fig. 4). We 

are thus confident to exclude the local-field enhancement as well. Therefore, there must be another 

mechanism that leads to the giant nonlocal SHG enhancement in MoS2 by QD coating. 

To gain deep insights into the mechanism, we applied wavelength-dependent two-photon 

excitation measurements. Figure 3a shows the reflective spectra containing the SHG and TPPL of 

MoS2 monolayer, QD film and their hybrid under 820 nm pulse laser excitation. These spectra 

feature sharp peaks at 410 nm and broader peaks at 620 nm, corresponding to SHG signal from 

MoS2 and TPPL signal from QD, respectively. As expected, the large two-photon absorption cross 

section and high PL quantum efficiency render QD high TPPL conversion efficiency up to ~2×10-

3 (fundamental pump peak intensity of 20 GW/cm2). Here we note that no detectable TPPL from 

pristine MoS2 can be observed under the same condition. After QD coating, the SHG of MoS2 in 

the hybrid is enhanced by three orders of magnitude. Meanwhile, the TPPL of QD in the hybrid 

quenches to ~1/10 of pristine QD film. To catch the relation between SHG enhancement and TPPL 

quenching (defined as TPPL intensity in QD/MoS2 to that in pristine QD), we tested ~40 hybrid 

samples and found that stronger SHG in MoS2 always accompanies with weaker TPPL in QD (Fig. 

3b). This is also consistent with the interaction distance-dependent TPPL of QD in the 

QD/SiO2/MoS2 sandwich hybrid, where the insertion of SiO2 spacer layer will weaken the SHG 

enhancement and increase the TPPL intensity at the same time (Supplementary Fig. 5). In the 

wavelength-dependent two-photon excitation experiments with excitation wavelength tuned from 

925 to 720 nm, the TPPL intensity of QD shows continuous increase and a shoulder presents 

around 820 nm (Fig. 3c). This shoulder is attributed to deep-band states obeying the selection rule 

of two-photon absorption and hints the strong oscillator strength. In coincidence, the SHG 
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nanophotonic devices, such as optical communication circuits and frequency upconversion 

nanolasers.  
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Figure 2. Interaction distance-dependent SHG enhancement. a, Schematic illustration of 

fabricated QD/SiO2/MoS2 sandwich hybrid structure by sequentially depositing SiO2 and QD on 

MoS2. The interaction distance R between MoS2 and QD film can be systematically tuned by the 

thickness of the SiO2 spacer layer. b, SHG spectra of MoS2 and fabricated hybrid structures. With 

interaction distance of ~14 nm, SHG intensity of MoS2 can still be enhanced by ~170 times. For 

comparison, without QD, SiO2 layer hardly influences the SHG intensity. c, Interaction distance-

dependent SHG enhancement. Increase of interlayer distance quickly weakens the SHG 

enhancement with a fitted power coefficient of -2.3. The error bar is standard deviation measured 

from 10 samples.  
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Figure 3. Excitation wavelength-dependent SHG enhancement. a, SHG and TPPL spectra of 

pristine MoS2 monolayer, QD film and their hybrid under excitation of 820 nm pulse laser. The 

sharp peak at 410 nm is the SHG of MoS2 and the broader peak at 620 nm corresponds to TPPL 

of QD. Compared with its component layers, the QD/MoS2 hybrid shows enhanced MoS2 SHG 

and quenched QD TPPL. b, The MoS2 SHG enhancement versus QD TPPL quenching in the 

hybrid structure obtained from ~40 samples. With SHG enhanced more strikingly, the QD TPPL 

quenched more significantly. c-d, Wavelength-dependent TPPL of pristine QD film (c) and SHG 

enhancement in the QD/MoS2 hybrid (d) under two-photon excitation. TPPL spectrum of QD 

presents a shoulder around ~820 nm, indicating the existence of deep-band excited states with 

strong oscillator strength and high two-photon absorption. In coincidence, the SHG enhancement 

in the hybrid shows a peak at ~820 nm as well. e, Scheme of nonlinear-excitation resonance energy 

transfer and SHG enhancement. Under resonant excitation of the deep-band two-photon excited 

states in QD, strong dipole coupling and perfect energy overlap between QD and MoS2 facilitate 

the high-efficiency energy transfer and hence substantially strengthen the second harmonic 

response. 




