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    Off-axis electron holography gives the possibility to obtain additional information about an 
investigated object by retrieving the image phase [1]. In different holography setups the quality of the 
reconstructed phase may vary. To determine whether two phase values can be clearly separated from 
each other at a given signal-to-noise ratio, the variance of the phase δΦ can be estimated with the 
fringe contrast V and the number of electrons N, that were used for imaging [2]. Since these 
parameters change with different illumination conditions, a comparison of a 2-condenser and a 3-
condenser illumination system was done. In the 2-condenser system the second condenser lens is 
used to illuminate the desired specimen region and to form a divergent or convergent beam. A parallel 
illumination is possible with only one certain lens excitation and thereby normally not available. In the 
3-condenser system the last two lenses both are used for changes in the illumination. In general, both 
lens excitations are modified to ensure parallel illumination conditions, independent of the size of the 
illuminated area. For the comparison of both illumination systems mechanical instabilities were 
neglected. If the contrast reduction by the camera's modulation transfer function is corrected, the 
fringe contrast is damped by the spatial coherence μSC only. This simplified system was described as 
a gaussian beam [3]. In gaussian optics focal points have a finite widening ω, the waist size, which 
determines the effective angular width of the source φ and hence the conditions for spatial coherence 
in the system. The number of electrons is set by the extent of the hologram in comparison with the 
spread of the gaussian beam at the same plane (fig.1). For the calculations the hologram was 
described as aperture with radius a (fig.1). For a given waist size ω0, which depends on the source 
size and the focal length of the first condenser lens, the optimum focal length of the second condenser 
lens (C2) can be found. The simplified 2-condenser system shows a minimum at a spatial coherence 
damping of about 0.62 (fig. 2(a)), what is in good comparison to other considerations, where an exact 
value of e

-0.5
 ≈ 0.61 was found [4]. In the 3-condenser system the same distances and starting waist 

size were chosen. The second condenser was kept at a fixed value and the third condenser lens (C3) 
varied. Equal results in spatial coherence damping and number of electrons were found in both 
systems. 
    However, some differences in the two illumination systems exist: The minimum of δΦ is slightly 
flatter in the 2-condenser system (fig. 2) and tolerates a greater variation of the focal length. 
Additionally, the optimum focal length in the 3-condenser system does not produce parallel illumination 
anymore. On the contrary, the divergence angle is in general smaller in the 2-condenser system (in 
the presented example about 2.5 times smaller). Due to this, the original purpose of the 3-condenser 
system, the parallel illumination of the desired specimen region, is no longer ensured.  
    In conclusion, the 3-condenser system with its parallel illumination does not provide an advantage in 
electron holography, since the focal lengths of the condensing lenses have to be changed for best 
phase resolution. If these changes are done, the same hologram properties as in the 2-condenser 
system are possible, but the divergence angle is in general larger. This was confirmed by experiment. 
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Figure 1. (a) Schematic sketch of the simplified 2-condenser setup. The effective angular source distribution and 

the intensity in the hologram are determined by the waist size. (b) Schematic sketch of the simplified 3-condenser 
setup. The same effective angular source distribution and the same intensity in the hologram can be achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Calculation of phase variance in dependence on electron number and spatial coherence in a 2-

condenser (a) and 3-condenser (b) system for an exemplary setup. The minima lie in both cases at a spatial 
coherence of about 0.62. 

 

 

 

 

 

 

 


