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Application of MoS2 on nanoscale transistor

Radisavljevic et al. Nat. Nanotech. 2011, 6, 147.

Splendiani et al. Nano Lett. 2010, 10, 1271–1275.

Monolayer MoS2 has 
direct band gap (~1.8eV).

Can be applied to FET circuit as 
channel component.
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Optical properties of MoS2 thin layer

Splendiani et al. Nano Lett. 2010, 10, 1271–1275.



Structure of MoS2 : Inversion symmetry broken in odd layer

Zhao et al. Nano Lett. 13, 1007−1015 (2013).
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Second harmonic generation occur in noncentrosymmetric media

In the presence of very intense light field (ex-pulsed laser), polarization response has 
high order response. 

Linear responses : dispersion / 
polarization  rotation  

Nonlinear responses : Harmonic 
generation / self-focusing
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-Peak power at the 
sample surface:  

~2GW/cm2

For D6h symmetry, second order susceptibility components are, 

Gives 6-fold symmetry in SHG intensity with rotation along 
principal axis (z-axis) – * SHG E-field is 3-fold symmetry.

Setup and sample status



Azimuthal angle dependence of SH signal 

y

y’

With respect to the laboratory coordinates (x,y,z), Φ
is the rotation angle of sample along z-axis
(same as c-axis for MoS2 monolayer).
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Effective second order susceptibility :

(2) In Perpendicular output , possible component is      .
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(1) In Parallel output , possible component is      .
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SHG I (2 ) : ( ) ( )P E Ew c w wµ =
ur sr r r

Quadratic dependence of SHG intensity 
versus fundamental power.

6-fold symmetry in SHG intensity vs 
azimuthal angle indicates that mechanically 
exfoliated MoS2 is single crystal.

Azimuthal angle dependence of SH signal : Result 



Determination of c(2)

Calculation!!!!!



http://www.quartzpage.de/gen_struct.htmlhttp://en.wikipedia.org/wiki/Quartz

SHG from material having hexagonal lattice : eg) alpha quartz



c-axis

Helical structure – no inversion symmetry.

Leading to strong bulk SHG signal.

Left-handed Right-handed

SHG from material having hexagonal lattice : eg) alpha quartz
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Allowed second order susceptibility 
tensor components are,



SHG from z-cut alpha quartz

y’

y

With respect to the laboratory coordinates (x’,y’,z’), 
Φ is the rotation angle of quartz along z-axis
(same as c-axis for z-cut quartz).
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Effective second order susceptibility :

(1) In S-in / P-out , possible components are              .

Here, incident plane is x’z’ plane. So, unit vector of 
polarization is     in S-pol, and                      in 
P-pol.  
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SHG from z-cut alpha quartz

(2) In S-in / S-out , possible component is
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SHG measurements on CVD MoS2 film



SHG mapping of CVD MoS2 film



Summary


