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Digital holography and interferometry provide high quality solutions to a wide range of applications. While 

holography enables recording and recreation of amplitude and phase information of complex three-dimensional 

wave fronts, interferometry enables the analysis of static and dynamic changes in these wave fronts. Recording 

of digital holograms is usually performed by array photo-detectors like CCD cameras and the object is 

reconstructed numerically. Although very efficient, digital recording (i.e. replacing photo-emulsions with CCD 

sensors) has introduced some limitations such as lower resolutions and limited dynamic range.  

In this work we show how to improve hologram recording by introducing Photon counting detectors 

(PCD). Holograms are recorded with two-dimensional scanning of a single PCD, or of an array of PCDs. The 

improvement goes in direction of higher resolution by employing finer scanning steps [1] and in direction of 

higher signal to noise ratio in the case of weak illumination. The optical configurations which we used to test this 

approach were digital holographic microscopy and interferometry (DHMI) and time-averaged digital holography 

(TADH). As it is known, in DHMI, the beam reflected from the object through microscopic objective lens is 

mixed with the reference beam and TADH is capable of detecting resonant vibrations of an object.by converting 

surface modes into Bessel interference fringes. The similar setup that was already used in TADH with PCD [2,3] 

is improved and used in microscopy. 

The capability of acquiring information in low light or weak illumination is important for a variety of 

scientific and industrial applications, ranging from microscopy imaging to medical imaging (for example, objects 

sensitive to light or DNA sequencing). Possible approach is to use a PCD as a recording device. Such detectors 

possess counting rate in the order of 107-108 cps, allowing at the same time sensitivity at the fundamental 

quantum limit and fast data acquisition. We recorded holograms with the object beam having intensity bellow 

noise but still the object could be reconstructed. 

 
Fig. 1 Interferogram of the microcrack in metallic thin fim. Left panel: interferogram from CCD camera; right panel: 

interferogram from scanning PCD. 

  

 When making interferometric recordings, it is desirable to have dense interferometric fringes in order to 

cover steep changes in deformed surfaces. This demands small pixel size in CCD camera, but in 2D scanning it 

can be accommodated by smaller scanning steps. Home-made holographic microscope with dense fringes 

between object and reference beam is employed for interferometric imaging of microcracks in metallic thin film. 

The reconstruction of interferogram, see Fig. 1, recorded by CCD camera with 3.6 m pixel size does not show 

topographic fringes across the crack, while interferogram from scanning PCD with 2 m steps clearly shows the 

fringes. Both interferograms were recorded at weak illumination. 
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