
Lens free imaging of nanoparticles     
 

Lens free imaging refers to the direct sampling of the light transmitted through or reflected from 
the specimen on a charge-coupled or metal oxide semiconductor array detector without the 
use of imaging lenses. The components needed and the geometry used are significantly 
simpler and more compact than for conventional lens based microscopes. Numerical 
reconstruction is used to extract information from the recording of diffractive images. It has 
been proposed that low cost lens free microscopes could be used for rapid drug screening. 
Lens free methods have the advantage that the field of view is decoupled from the lateral 
resolution thus enabling to increase both field of view and lateral resolution.  

By merging the spatial frequency information of different illumination angles, lens free 
microscopy can be used to generate tomograms. The spatial resolution depends in lens free 
imaging on the pixel size. The current pixel size of CMOS imagers is 1.1 micrometer. It is 
believed that further reduction of the pixel size will compromise the angular response and 
generation of signals in neighbouring pixels.  

We have developed a method which we call nanoscale optical holographic interferometry 
where we sample the light reflected from the specimen without the use of imaging lenses or 
an array detector using a scanning pointed optical fibre probe in collection mode (as used in 
nearfield optics). The fibre probe images the interfering field from the incident and scattered 
field from the specimen in the intermediate field range at variable distance from the specimen 
surface. The intensity of the interference fringes is proportional to the field of the incident beam 
and scattered field while the phase depends on the difference of the wave vector of the incident 
beam and the scattered wave. A sa result the intensity of the interference fringes is amplified 
by the field of the incident beam increasing the sensitivity to detect the scattered field from 
nanoparticles. Detecting the field in the intermediate field has the advantage that the 
transverse field component is dominant simplifying the analysis of the fringe pattern. The lateral 
resolution depends on the distance between the specimensurface and the imaging plane.  

We have acquired a great deal of experience in detecting interfering optical fields near surfaces 
using a scanning optical fibre in the vicinity of surfaces. In this internship we aim at testing 
numerical reconstruction from recorded diffraction patterns. The work consists of calculating 
the interference fringes from a mathematical model and then reconstructing the image using 
existing programs and improving them. All programming will be done using Matlab / Octave. 
Digital reconstruction will be applied to experimental images.  The experimental work will 
consist of the acquisition of the experimental images in our laboratory. – Several research 
projects are currently under evaluation on this topic. 
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