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Abstract

• Validation of the model :: comparing the 
responses of reflective objective and a 
conventional refractive objective 

• Linear :: Transmission spectra, Non-linear :: 
Third-order sum frequency generation (TSFG) 
spectra

• Good agreement in experimental and model 
results

• Model arbitrary source excitation, Less memory 
requirement and computational cost.

• Cassegrain-type reflective objectives :: high-
resolution infrared optical micro-spectroscopy 
experiments 

• Aberration-free optics 
• Central obscuration :: positioning of the secondary 

mirror with respect to the primary mirror
• Effect of obscuration :: linear and non-linear 

response 

Development and validation of a plane-wave expansion based model to 

precisely emulate the effect of modified excitation from a Cassegrain-type 

reflective objective in linear and non-linear optical responses.

Plane-wave Expansion based modelling 
of Cassegrain-type Reflective Objective

Plane wave expansion model 

Results

1. www.ansys.com/en-in/products/optics-vr/ansys-zemax-opticstudio
2. https://www.3doptix.com/
3. Lumerical Inc. www.ansys.com/products/photonics/fdtd/
4. COMSOL Multiphysics® v. 6.0, “COMSOL,” v6.0, https://www.comsol.co.in/, COMSOL AB, Stockholm, Sweden, 2022.
5. https://www.beckoptronic.com/products/reflecting-objectives/.
6. C. W. Hsu, B. Zhen, A. D. Stone, J. D. Joannopoulos, and M. Soljačić, “Bound states in the continuum,” Nat. Rev. Mater. 1, 16048 (2016).
7. Lal Krishna, Jyothsna K. M. A.S., Asish Prosad, Biswas Sruti Menon Rabindra and Raghunathan Varun, "Quasi-BIC resonances in

amorphous germanium zero contrast gratings with dual asymmetric step profile for mid infrared frequency up-conversion", Proc. SPIE
12011 High Contrast Metastructures XI, vol. 1201104, 5 2022.

• Our work
o Modelling optical responses due to reflective

objective
o COMSOL Multiphysics’s wave optics module
o Model and simulate the linear and non-linear

optical responses
o Amorphous-germanium (a-Ge) on quartz-based

metasurface
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Focusing Optics Parameters 

{Numerical Aperture (NA) or θNA, Obscuration angle (θobc)}

Plane wave incidence with varying angle of incidences, θinc

{Periodic BC, θobc < θinc < θNA} 

Calculate electric field (Ei) and magnetic field (Hi) amplitudes 

Ei (x, y, z, θinc,  ) ; i = x,y,z , Hi (x, y, z, θinc,  ); i = x,y,z 

For a given θinc, scale the field components with weighing parameter 

defined as E ′ (θinc,  ) = exp(− θinc
2/(2θ2

   )) *Ei 

and H ′ (θinc,  ) = exp(− θinc
2/(2θ2

   )) *Hi 

Coherent summation of scaled fields (E ′( ) and H ′( )) at individual 

wavelengths;   
       

  
  

   and   
       

  
  

   

Poynting vector,     = 

0.5*       i′′    i′′ ) dxdy

Transmission,     = 

  

             

Linear calculations

TSFG power is then calculated by 

integrating the Poynting vector 

across the monitor (xy) plane

Non-linear calculations

TSFG power spectra 

           is thus calculated

Calculate the Non-linear 

polarization term,  
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