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Introduction and Motivation

 The ultrafast modulation of light with light has been a long sought goal for 
researchers and remains a difficult task, especially in the IR and Terahertz 
frequency region. 

 This is essentially so because the optical nonlinearities in conventional 
nonlinear materials are generally too weak to alter the intensity of light 
significantly on a sub-wavelength scale. 

 The typical nonlinearities in these case are usually higher than those of 
common semiconductor such as Si and GaAs that are popular in the 
optoelectronics industry.



Typical Application for Spatial light Modulation
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Introduce Chirality to Enhance third 
order nonlinearity
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Chirality: Mirror image cannot be superimposed. So 
a Hemisphere on the rods will make the designs 
chiral.  These structural designs have been shown to 
increase the third order nonlinear tensor.



Linear Optics results
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Transmission, Reflection and 
Absorption versus wavelength for a 
chiral MM, with a hemisphere radius 
of 50nm at zero degree incident. 
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Shows the Transmission and 
Reflection versus the Radius of air, 
when the incident angle is 0, degree 
at an operating wavelength of 
800nm, for the achiral MM.



Linear Optics Results
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Figure  (left): This figure shows the Transmission and Reflection versus angle of incidence for both achiral 
rectangular MM and the chiral rectangular MM at a wavelength of 800nm. Figure (right): This figure shows the 
Transmission and reflection versus angle of incidence for the chiral MM at a wavelength of 2000nm.



Nonlinear Optics Results
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exit power @K3=3e-12m2/V2

I=100MW/cm2

incident angle=63 degree

Figure : Shows the exit powers as function of time. The blue line represents the case when nonlinear effects are 
present, and the black line represents the case when, no nonlinearities are exited.



Conclusion and Future Work

 -Observed regions of field enhancement within MM
 -Transmission is sensitive to metallic filled volume and wavelength which can be 
 optimized.
 The field enhancement and nonlinearity is very sensitive to incident angle
 -Possible to tune R,T and A for wavelengths, far into the infrared.
Future Work
 -Pump probe simulations
 Experimental measurements of third order nonlinearity
 -Apply appropriate design to design Optical switches and modulators
 Q&A
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