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The wavefront in the exit pupil of a microscope objective (NA=0.4) is obtained 
with a phase retrieval method based on the ENZ theory. The ENZ method 
calculates the wavefront from measured intensity distributions of through-focus 
planes. Comparison of this method with a direct interferometric method shows 
an agreement better than /70 (rms) for relative wavefront measurements. 

1 Introduction 

The quality of optical systems is conventionally 
assessed by interferometric tools requiring special 
setups and environmental conditions. The aberra-
tion retrieval method presented here relies only on 
intensity measurements in the focal region of the 
imaging system being tested. Hence, a simple 
setup for imaging the intensity distribution in the 
focal region is sufficient.   
A brief description of the phase retrieval method is 
given in sec. 2, the setup for the through focus 
imaging is presented in sec. 3 and comparison 
measurements with an interferometric setup are 
shown in sec. 4. Finally, the results and the con-
clusion are presented in sec. 5 and 6. 

2 Extended-Nijboer-Zernike (ENZ) based Aber-
ration Retrieval 

The field ( , )P    in the exit pupil of an optical sys-

tem is represented in polar coordinates by a Zer-
nike expansion 
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with complex coefficients m
n . The relationship 

between ( , )P    and the field in the focal region is 

given by the Debye diffraction integral. A semi 
analytic solution to this integral is given by the 
extended Nijboer-Zernike theory. The intensity 
distribution in the focal region can be described by 
this theory in cylindrical coordinates as   
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with the m

nV  
functions as given in [1]. Equation (2) 

can be linearized with respect to the m
n  coeffi-

cients and a system of linear equations is con-
structed from this linearized relationship between 

the measured intensity values I(r,,f) and the m
n  

coefficients. Hence, the field ( , )P    can be re-

constructed from the measurands I(r,,f) by solving 
the corresponding system of linear equations.     

3 Measurement Setup 

A diagram of the setup is shown in Fig. 1.  

 

Fig. 1 Diagram of the phase retrieval measurement 
setup. 

A collimated beam (=633 nm) is folded and pass-
es the lens under test (microscope objective with 
NA=0.4). Images of the focal region (Fig. 2) are 
captured by an imaging objective with NA=0.9 and 
imaged with a tube lens on the CCD. 

 

Fig. 2 Measured intensity distribution in one of the 
through-focus planes (top). The graph on the bottom 
shows the measured intensity on the optical axis. The 
red line marks the position of the focal plane shown on 
the top. 
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