
Photonics Simulation Tools for Biophotonics: 
Finite-Difference Time-Domain Modeling of the 

Gold Nanoparticle Effect on Optical Phase 
Contrast Imaging of Single Biological Cells

The application of photonics software simulation and 
modeling tools provides a deeper understanding of newly 
developed optical diagnostics and imaging techniques. The 
Finite-Difference Time-Domain (FDTD) approach has been 
proven as a powerful tool in studying the nature of the light 
scattering mechanisms from both normal and pathological 
cells. 

The numerical modeling of light interaction with biological 
cells and tissues within the context of a particular optical 
imaging technique is of particular interest. We have recently 
applied the FDTD approach to numerically study how the 
optical immersion (OI) technique enhances the effect of cell 
membrane thickness and gold nanoparticles on the forward 
scattered light from single cancerous and non-cancerous 
cells. OI leads the so called “optical clearing” effect 
consisting in the increased light transmission through 
microbiological objects due to the matching of the refractive 
index of some of their morphological components to that of 
the extra-cellular medium. We have also applied the FDTD 
approach in combination with Fourier optics-based post 
processing techniques to validate a simulation model of the 
optical phase contrast microscope imaging of single 
biological cells. The model enables the study of the imaging 
effect of Gold nanoparticles on optical cellular and sub-
cellular imaging. To the best of our knowledge, this is the 
first study using the FDTD approach to provide a 3D model of 
realistic size cells. It demonstrates the power and benefits of 
using photonics simulation tools in biomedical engineering 
optics problems. 
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