
Spatially Multiplexed Interferometric Microscopy (SMIM): 

from basic principles to advanced arrangements 

Jose Angel Picazo Bueno 

 

Abstract 

The analysis of transparent microscopic objects through non-invasive imaging 

techniques is of high interest in diverse fields such as biomedicine, biophotonics 

and life science. Among them, quantitative phase imaging (QPI) techniques provide 

numerical information of the phase delays of the light diffracted by the sample 

under analysis. Those phase delays are directly related to the morphology and 

refractive index of such objects. In the case of biological specimens, QPI permits the 

access to important biophysical parameters such as cellular volume, thickness, and 

dry mass. QPI is usually achieved by digital holographic microscopy (DHM). DHM 

is the application of digital holography into optical microscopy, thus combining 

high-quality imaging, complete wavefront recovery, and digital image processing 

in a single optical system. In DHM, an interferometer is implemented to coherently 

overlap an object and a reference beam onto a digital sensor, recording a digital 

hologram. Then, the digital hologram is numerically processed to recover the 
complex amplitude of the object beam.  

Over the last years, different approaches were developed to implement DHM 

systems in standard bright field microscopes. Most of these approaches were 

focused on attaching a relatively complex DHM module at the output port of the 

microscope. In this thesis, we proposed an extremely simple, compact, highly-

stable, and cost-effective technique of converting a regular microscope into a DHM. 

The proposed technique, named Spatially Multiplexed Interferometric Microscopy 

(SMIM), introduces three minimal modifications into the microscope embodiment: 

1) the replacement of the broadband illumination of the microscope by a (partially) 

coherent light source; 2) the definition of a spatially multiplexed field of view for 

transmission in parallel of both object and reference beams through the imaging 

system; and 3) the insertion of an interferometric component, such as a diffraction 

grating or a beam splitter cube, for holographic recording. We experimentally 

validated SMIM employing different arrangements and phase retrieval procedures. 

SMIM was enhanced in terms of coherent noise, spatial resolution, field of view 

restriction, reflective samples analysis, refractive index characterization, space-

bandwidth product optimization, and dynamic analysis. Hence, we demonstrated 

that SMIM is a robust, versatile, and low-cost technique for achieving QPI with a 

regular microscope. 
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