
Praktikumsversuch im Rahmen des Fortgeschrittenenpraktikums

“Fourier-Transform-Holography”

This lab experiment  is an introduction to the scientific field of Coherent Diffraction Imaging (CDI). 
Facilitated by the developments off increasingly coherent sources at 3rd generation synchrotrons and 
in view of the Free Electron Laser, CDI gained in popularity in the X-ray imaging community 
throughout the last decade. CDI targets at imaging a tiny object, e.g. a protein, at the nanometer 
scale without using any image forming systems. Those system usually include zone plates and are 
used in conventional X-ray microscopes where the resolution is ultimately limited by the precision 
of manufacturing. However, the absence of image forming optics means that image information is 
solely given by a diffraction image of the sample. Given a large enough distance from sample to 
detector  and a  coherent  sample  illumination,  this  image may represent  the  modulus  of  a  two-
dimensional Fourier-Transform of the sample's electron density profile. 

Reconstructing the sample's electron density profile 
from two dimensional diffraction images as well as 
collecting  the  diffraction  data,  spans  the  scientific 
field  of  CDI.  Crucial  to  the  field  is  the  so-called 
“phase-problem”  associated  to  the  incapability  of 
photon detectors to resolve the phase of a diffracted 
wave.

Fourier-Transform-Holography addresses the phase 
problem by interference of a wave diffracted by the 
object with a wave diffracted by a reference pin hole 
which is located in the same plane as the object. The 
phase  of  the  object  wave   gets  encoded  by  the 
reference wave in the combined intensity distribution 
in the far field which itself is captured by a detector. 
The computer can reconstruct the object wave with a 
single  Fourier-Transform  from  that  far-field 

diffraction image.

Experiment:
This experiment explains CDI exemplary using laser-based Fourier-Transform-Holography
 
YOU will be building a linear laser-
setup  suited  for  diffraction 
experiments  using  standard  optical 
equipment,  like  HeN-Laser,  lenses, 
polarizers.  A  photolithographic 
mask  (b/w)  will  be  used  which 
contains  several  2x2mm  fields  as 
diffraction  objects.  A CCD-camera 
collects the diffraction data of the currently illuminated field. Analysis and reconstruction is carried 
out numerically and solely under use of the diffraction images, putting the experiment in the scope 
of CDI.
During  the  experiment,  You  will  learn  what  a  2D  Fourier-Transform  means  for  imaging  by 
investigating  gratings  and  apertures  of  various  sizes  and  also  capturing  Fourier-Transform-
Holograms. A special “Schmankerl” will be the imaging and reconstruction of an unknown object.


