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• The tilt (in pixels) of a line with respect to a LVF CMOS line. The total tilt is the sum of two tilts: 
• Alignment Tilt: CMOS and LVF are not perfectly parallel. Thus, a LVF line and a CMOS line are not 

perfectly parallel. 
• Manufacturing Tilt: a line of LVF is never perfectly parallel to its edges. This tilt is an inherent to 

manufacturing process and can be corrected during post processing. 
• Due to the manufacturing process, the lines of LVF are not straight; they are slightly parabolic. We call this 
deformation smile.  
 

   
Fig. 2. Ideal LVF (left).  Tilted LVF (center). LVF with a smile (right). 

 
 
III. EXPERIMENTAL SET-UP 
 
The different elements of the set-up are: 

• A 300 Watt Xenon lamp from Oriel  
• A Newport MS-257 monochromator. Allows selecting bandwidth smaller than the LVF one. 
• A 18.8 cm integrating sphere ensures spatial uniformity of the beam and its non-polarized state. 
• 2 lenses (f1 = 98mm and f2 = 150mm) 
•  An OEM CMOS sensor from PixelLink (the lens tube was removed so the LVF can be stuck  as close 

as possible to the CMOS chip, an IR filter window remains in front of the CMOS chip. 
• A LVF is placed on a mount so that its height can be controlled via a micrometric stage. Thus one can 

change the wavelength range to be seen on the CMOS sensor.  
 

 
Fig.3. Picture of the small facility. 

 
 
III. DATA PROCESSING 
 
The monochromator bandwidth is set at 2.8 nm. This value is a compromise between the intensity of the input 
flux and a narrow bandwidth (more than 3 times less than the required LVF bandwidth). Pictures with and 
without the LVF are recorded for each wavelength. The transmission of the LVF is given by their ratio. In order 
to minimize Gaussian noise, several pictures are taken and a mean is computed. A DC component (recorded 
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set at the output of the integrating sphere (a 1 inch diameter output). The aperture of the iris is reduced (f/5 to 
f/4) in order to reduce external angles. A measurement is even made while removing L2 so that a collimated 
beam is impinging the CMOS chip.  
 

  
Fig.8. Transmission maps for different divergence f-numbers at 650 nm. From top to bottom:  f/4, f/5 and 

collimated beam. 
 

The integration time still remains 1000 ms. As closing the iris aperture reduces the amount of incoming light, 
the noise and measurement uncertainty increase (cf. fig.8). Thus the images are filtered out by use of 5*5 
average filters. 
 
The FWHM increases with the aperture size (cf. Table 1). The use of a collimated beam is representative of the 
LVF characteristics. But it is not representative of the case when it is used in a telescope setup. The experiment 
showed the influence of the aperture size on the FWHM, and as expected the FWHM increases with the F/# 
since the range of incident angle on the filter increases.  
 

Table.1. Evolution of the measured FWHM with respect to the f-number 
FWHM f/5 f/4 Collimated beam 
Mean (nm) 14.5003 17 9.4985 
Std (nm) 2.0264 4.0102 1.0462 

 
 
D. Influence of the polarization state 
A rotating polarizer is placed after the lenses. Only three wavelengths are used (550, 650 and 750 nm). A 
measurement is made every 5 arcdegrees. The intensity maps represent a mean along columns of each averaged 
pictures. An average picture is computed from the mean of 10 acquisitions with the same integration time and 
including dark subtracting. Each column of the intensity map corresponds to a polarization orientation. 
Transmission maps are also computed, an example is given in fig.9. 
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Fig.9. Transmission at 550 nm for different orientation of polarization. 

 
The transmission maps should then give an idea of the LVF influence on polarization. Transmission maps (cf. 
Fig.9) show no obvious variation. 
Table 2 sums up the polarization variation for several wavelengths and also gives an overview of the noise 
sources within the measurements. 
 

Table.2. Transmission and noise evaluation  
 550 nm 650 nm 750 nm 
Transmission peak 0.2157 0.2294 0.2531 
STD transmission peak 9.1813e-004 0.0011 0.0014 
Read out noise  0.0059 0.0059 0.0059 
Thermal noise Removed Removed Removed 
Shot noise (3std/mean) 0.0128 0.0144 0.0166 
Overall noise 0.0187 0.0203 0.0225 

 
The non-sensitivity to input polarization state has been demonstrated, confirming that LVF could be used 
without being affected by polarization compared to most grating based set-ups. 
 
V. CONCLUSION  
The presented facility allows evaluating LVF and fully characterizing them in terms of registration, resolution, 
rejection and polarization. By matching the f-number of the set-up in which the LVF is foreseen, one can see 
what will be its impact on the spectral performance of the spectro imageur. 
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