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Nonlinear optical microscopy is a novel technique used for imaging biological structures in tissues. The
technique uses nonlinear optical processes such as second and third harmonic generation (SHG and THG,
respectively), for producing image contrast. Imaging of biological tissues with SHG and THG signals has
several advantages over traditional microscopy methods that rely on single-photon excitation fluorescence,
including intrinsic three-dimensional imaging at submicron spatial resolution without the use of dyes. Fur-
thermore, nonlinear microscopy techniques reduce photodamage to tissue samples since SHG and THG are
parametric processes. Finally, a novel property of nonlinear microscopy is its innate ability to obtain structural
information of endogenous biological structures, which is accomplished by the use of polarization resolved
measurements.

Performing polarization resolved measurements in nonlinear microscopy allows the extraction of nonlinear
susceptibility elements which can be analysed for structural sample analysis. These measurements are typi-
cally performed by modulating the polarisation of the incident laser, and measuring the polarization of the
outgoing SHG and THG signals. Currently, polarisation nonlinear microscopy is a slow process due to the
use of rotating actuators limiting dynamic information. While several groups have begun using faster polar-
ization schemes, they do so while sacrificing polarization states.
Fast polarization modulation at different wavelengths are being investigated for nonlinear optical microscopy.
Modeling of polarization modulation by liquid crystal phase retarders was implemented with Python using
Jones and Mueller polarization calculus to quantify measurement states with the least error and the most
information. Monte-Carlo modeling results will be presented quantifying the different polarimetry states.
Additionally, experimental data of calibrating liquid crystal polarization modulators will be presented. Future
implementation of this multi-spectral polarimeter with a nonlinear microscope is expected to allow structural
determination in for example, live tissue, where diseased tissue can bemonitored during treatment, potentially
replacing current invasive and time-consuming traditional histology methods.
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