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The nonlinear absorption properties of TMDC depends on the changes of band gap where 

monolayer of TMDC has a direct bandgap and the bilayer and multilayer have an indirect 

band gap. The bandgap of the monolayer is wider than that of bilayer and multilayer. This 

absorption process is described by Jablonski diagrams which may include two-step 

absorption with one-photon for each step, two-photon absorption to the real final state 

through a virtual intermediate state. In the one-photon excitation, the electric dipole transition 

fi  is allowed due to other parities between two states. Hence the saturable (negative) 

absorption (SA) is observed due to the higher ground-state absorption cross-section than the 

excited-state absorption cross-section, ESAGSA   . But in the two-photon excitation, the 

electric dipole transitions ni  and fn  are allowed due to same parities between 

the initial and final states. Therefore, the reverse saturable (positive) absorption (RSA) is 

dominant due to the higher value of the excited-state absorption cross-section than the 

ground-state absorption cross-section. The band gap changes due to the number of layers and 

temperature switches RSA to SA or vice versa. The atomic layers with SA are utilized for 

laser Q-switch and mode-locker, while the atomic layers with RSA are utilized for optical 
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