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Transition metal dichalcogenides 
MX2 (M = W, Mo; X = S, Se, Te) 

Structurally stable, mechanically 
strong, electrically tunable and 

optically active materials 



- 30 times improvement of the Q factor 
- 125 nm thick membrane (55 nm 

thinner than before) 
- Optimal thickness to lattice constant 

ratio 
- Improved sidewall verticality 
- GaP has high refractive index and 

transparency to the WSe2 emission 
wavelength
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First nanoscale laser system based on 2D quantum materials



- Electric-field intensity the monolayer is 
40% of the max 

- Optical pumping by a 632 nm CW 
laser at low temperature

First nanoscale laser system based on 2D quantum materials



Lasing characteristics (L-L curves)

- Laser emission located at 739.7 nm 
- 0.3 nm line width at the half-maximum of the spectrum 
- Peak is polarized in the y direction, consistent with the 

fundamental mode of the cavity



Lasing characteristics (laser rate equation)



Lasing characteristics (L-L curves)

- Only 19% of the spontaneous emission goes into the cavity mode 
(comparable to the best PCC nanolasers embedded with QDs) 
- 10 fW ootput power vs 100 nW incident pump power 
- 27 nW (1 W cm-2) power threshold
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Lasing characteristics (line width evolution)



Anomalous linewidth enhancement

unmodified Schawlow-Townes formula: 

When the mean 
photon number in 

the mode 
approaches unity, the 
linewidth broadens 

with increasing 
output power as the 
gain-refractive index 

coupling rapidly 
starts to influence the 

linewidth.
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Spatially resolved emission



Temperature-dependent device behaviour



as fabricated 
Fmax = 607 
Q = 8000

RT covered cavity 
Q = 1300

low T covered cavity 
F = 35 

Q = 2500



Behaviour of device with Q-factor reduced by PMMA

Q-factor = 500 
Pth = 0.1 mW



Reproducibility and scalability of the 2D nanolasers



- Improvements in the output power and the operational 
temperature 

- Use of suitable transition metal dichalcogenides that emit at 
wavelengths compatible with silicon photonics 

- Achieve lasing under electrical injection 

- Understanding fundamental aspects of the laser (coherence 
properties and photon statistics) 

- Potential application in classical and quantum photonics




